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FREIGHT TERMINALS AND FREIGHT HANDLING
AT TERMINALS.

By J. S. BUSFIELD, B.Sc., A.C.G.L*

hand'fil:l‘e Drob]en.l of designing a fr.eight term.inal and. of
Ore afdthe freight in the terminal is one that is becomlni
Darticula II.lore .COmplex, and in making a study of Z;lny OI;O

€ tak 4 Sltuation a great many controlling facto‘rs ave
“D into consideration. Difficulties are introduced

Owin
g . _ ; L
fr ' the requirements in one town or city being different

wishesatl;/ oth.er town or city, so that t.he company Whtli
Wingy; o design a terminal for a certain . city has r;)tionq
ich j Uated and operated under exactly similar con il O.f
the locy R copy, but must make an independent Stll: yto‘
8ethe, A Condltlgns and requirements ar.ld then g;%t er b3
the desj Mmuch information as possible in coqnectlon W
'80 and operation of as many other terminals as pos-

formerly done by man, and in recent years great strides
have been made in the use of machinery for handling package
freight, for it has been estimated that the cost of handling a
ton of freight at its starting point and destination is over 10
times the cost of transporting it 100 miles on the railway.
Location.—In making a study of the conditions control-
ling the design of a freight station the first thing to be taken
into consideration is the location of the terminal, as this is
one of the most important items which will determine
whether the railway company will obtain a large share of
the city’s business or not. In a great many cases there is
no choice, but where there is, great care should be taken to
have the terminal in the centre of the shipping district—
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1.—Typical Team Yard.

using the word shipping to include consignors and con-
signees—because, other conditions being equal, the shipper
will send his consignments to the nearest freight house. The
placing of the terminal in the heart of a business district
naturally means very high prices for the necessary land, but
this can often be compensated by the use of a freight house
of two or more stories, in fact, this type of house is coming
more and more into use, not only on account of land values,
but more particularly on account of the railway tracks hav-
ing to be either elevated or depressed from the natural
ground surface in order to eliminate grade crossings in the
busy parts of the town or city. Details of this type of house
will be dealt with -later.

Layout.—Having selected the most suitable site for the
freight house, and the necessary capacity decided upon, the
next step is to look into the question of track layouts, storage
and handling sheds and platforms, office, etc., and in doing
this the capability of future extension must not be overlook-
ed, as it is usually the best policy to acquire the necessary
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property at an early stage rather than wait until it has in-
creased in value to prohibitive prices; and in this country of
rapid growth future extensions of every kind of plant have
to be properly provided for.

The general design of terminal sheds will be found to
be different in almost every terminal examined, as they are
always governed by isuch local conditions as the general
topography of the surrounding neighborhood, the property
limits, location of the streets in the immediate vicinity, direc-
tion of traffic, nature of the commodities to be handled, and
numerous other factors.
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surface or else with some standard paving block, care beiné
taken to provide sufficient drainage facilities, as a m“ess
ness:

and heavy teamway is very detrimental to the bust#®
Team tracks, as a general rule, should not be made exces‘
sively long, as this increases the cost of switching and @ d
ing up the trains; the most convenient length has been f.m,ln
by experience to be about 400 to 6oo feet in the clear, givit
a car capacity of from 10 to 15 cars on each track. M
For handling heavy machinery, boilers, lumber, etc !
is usual to provide one or more overhead travelling cran®®
These are frequently made to span a teamway and the

_4"’_;’

———
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Fig. 2.—Typical Freight Shed Layout.
. 3 : :2cent
Mechanical Handling.—Mechanical handling of freight adjacent tracks, or the teamway and each pair of ad]acée
has not been adopted except in some of the most modern of tracks, or the teamway and one pair of tracks. In fact ;;ich’
W

large terminals, although various systems are being largely
used at steamship piers where freight, both package and in
bulk, has to be moved over longer distances and over more
definite route than are obtainable in the average freight shed
for handling freight from the cars to drays and storage
spaces and vice versa. There are various systems, however,
which are adaptable to the mixed requirements of the freight
terminal, which will be described later.

Team Yards.—In addition to the freight sheds where
L.C.L. freight is handled, a freight terminal is hardly com-
plete without a team delivery yard for delivering car-load
freight direct from the cars to the teams. A typical layout
of a team yard is shown in Fig. 1, and this type of yard is

are numerous different ways of locating the crané ™
again, may be fixed or travel on its own track in the °
direction as the team tracks.

Freight Sheds.—The freight sheds most commoO
countered are those which are situated with the trac
sheds on the same level as the roadways. In some © ight
one shed is used for both the inbound and outbound fre?ght
—it should perhaps be mentioned here that inboun frelund
refers to the freight brought in by the railway and °utboe 2
that taken out by the railway—but in other cases whefa’e
greater quantity of merchandise is handled the two Sheds'c is
kept separate, and although it is not done in every C?se 11,1}'
distinctively advisable to have the inbound shed Consldera
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Fig. 4.—Freight Sheds and Transfer Platform, Rock Island Railway, St. Louis.

usually employed, modified in some form or other to suit
the local conditions.

As will be seen in Fig. 1, the tracks are laid in pairs,
with from 11 ft. 6 in. to 13 ft. centres between them. The
width of the teamway is frequently made 4o ft. clear between
the tracks, but in cases where a more economical layout is
required and land is high priced, they can be narrowed down
to 3a ft., but this latter is very apt to cause crowding and
congestion, hence delays in the handling of the freight. The
teamways should always be well made, either with a macadam

the
larger than the outbound because a fair. percentag® 4 the
inbound freight has to be stored pending the arfivaNIIEEs
consignee’s wagons to take it away, whereas in the 4 ually
shed the merchandise deposited by the wagons can :r

be taken direct to the cars. A certain quantity, howeh t; ar®
to be stored as frequently cars destined to certain pomins"-'a
only placed at the sheds on alternate days in order O e
a full load instead of shipping small loads, OF haﬂi:a'
goods transferred at some division point or transfer ®
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to t];rhere is a great deal of diversity _°f opinion with rega}rld
Com; arrangement of tracks alongside the sheds, but the
Side o:nest method is to have two or three tracks on on;
Oors t}.le shed and have the cars spotted. opposue the shle;
°uter, wng the doors of all three cars in line so that t:
genera(;ne 1s loaded or unloaded through tl?e otl.ler two. .
Fig. , arrangement of this type of terminal is shown in
and Eﬁls System has the great disadvantage of thé coStline;s
Cars anger of uncoupling, spotting and recoupling all t (:
of tl’lren also of the congestion liable to happen on accoun
ing b A ca.rs all having to be worked thrpugh th.e one open-
* PUt With this type of shed there is no immediate remedy,
e dlt has its advantages which in many cases counteract
'Sadvantages,
the ::::ther type of freight house, differing somewh.at ;ro'xlrf
Toad o4 e;al.run’ is that erected by the‘Pennsylvama }:111d
itsel i Lndla“aPOIiS- (Illustrated in Fig. 3). Thef e
40 ft -shaped with the two portions 50 ft. X 335 tth >
et ce Sy respectively. The tracks are spaced Wi 2
Ntres, and the intermediate platforms are 12 feet wide.
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Fig. 9%k Islang in St Louis. A plan of this is tht);ve 3
bound.h The outhound house is 24 ft. X 57° ft. an atforms
s TUSE 46 ft. x 577 ft. and two 8-ft. transfer P
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Figure 5 illustrates the freight terminal built by the
Lake Shore Railway at Toledo, Ohio, and at first glance it
does not look as though it could be operated very efficiently
on account of the great amount of trucking required, but
contrary to expectations the claim is made that the freight is
handled at a cost of about 35 cents per ton.

From these few examples of terminals illustrated will
be seen that in general terminals on the one level may be
divided into two classes, namely, those in which the in and
outbound freight can be handled to and from the cars with-
out having to switch the cars from one track to another and,
second, those in which the cars, after being unloaded at the
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inbound shed, have to be switched to the outbound shed to
be loaded. Now, as a general rule, it is fairly safe to say
that it is more economical to move freight to the cars than
it is to move cars to the freight, so that the former of the two
classes presents the best features for economical operation,
although in many cases the reduction in cost of switching is
counterbalanced, or even overbalanced, by the additional
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cost of handling the freight in the terminal due to the longer
haul necessitated by this arrangement.

Two-Story Freight Houses.—The best way of handling
freight in and outbound without having to switch the cars
from one shed to another, or having a very long trucking
haul is to adopt a two story freight house. This type has
other good features, such as economy of land, and is readily
adaptable to modern conditions which require the tracks to
be elevated or depressed in order to eliminate grade cross-
ings. It is roughly estimated that $2 per square foot will
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for loading and unloading the freight from the cars. !

large high-power elevators are provided for handling

freight between the different stories. !
Still another type is that of the Wisconsin Central

This house is 417 feet long and varies fro®

belo
re
The tracks & plat

Minneapolis.
feet 1 inch to 79 feet 7 inches wide.
the street level, and all freight is handled on a 24-foot
form and outbound freight is brought in on a low Jevel 108F
way direct to this platform, ten 6-ton scales being pfov’ S
one for each of the doorways. There are four s-ton al
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Fig. 5.—Freight Shed, Lake Shore Railway, Toledo, Ohio.

cover the additional cost of a two-story, slow-burning con-
struction building, above the cost of a single-story building
of similar construction.

A modern freight shed with four different floor levels is
that of the Wabash Railroad at Pittsburgh, Pa, illustrated in
Fig. 6. The tracks are on a high level, and the space be-
tween the unloading and loading platform and the teamways
is occupied with storage rooms. The total width of the
house is 145 feet and the length 572 feet, and it has accom-
modation for 50 cars, or, including storage space, 125 cars.

3"< Floor oryry.

__ij:

Fig. 6.—Cross Section Wabash Freight Terminal,
Pittsburgh, Pa.

The ground floor is used for delivering and receiving freight
and is paved with asphalt. The first and second floors are
used for storage and are divided up into a number of ware-
rooms, which are rented for the convenience of shippers.
The third floor is that upon which is situated the platform

1o-ton elevators for taking the inbound freight UP L P
street level, where it is stored or delivered to the ted
There are also two additional storage floors above this,
total storage area being 100,000 square feet.

In both these sheds the handling of the freight P
the cars and teams and storage rooms is donel entirely e
hand trucking, but there are a number of sheds in whic wil
freight is entirely handled by mechanical means, whi Jling
be described in connection with the mechanical ba?
plants.

Mechanical Handling of Freight.—At the preses iii
there are very few plants in operation for the transfer? 1l
and general handling of package freight at terminals 5
large quantities of package freight are handled betwee? 'thé
and drays, but a great deal of attention has been Paid i : of
subject within recent years, and there are quite a DU™ y w0
different methods from which one, or a combination © the
or more, of these methods may be selected to M€€
special requirements of any particular case. Quite 2 .
ber of plants of different kinds have been installed at : put
ship piers and freight transfer stations and warehous€® ot i
the conditions to be dealt with are usually quite differ eghng
these cases to those obtained at freight terminals for ha?
L.C.L. freight, . elli

Now, before the subject can be dealt with in a% l;; the
gent way, the requirements, method of operating and old
local conditions have to be thoroughly understood. he o8
method of handling freight at the sheds required six © 4, %
tions for outbound freight and two to three for inbou?®
follows :—

etwee?

Outbound Freight.

(1) Checking and receipting freight at platfor®
(2) Designating packages for proper cars.
(3) Moving the hand trucks to scales by one
(4) Weighing.

(5) Trucking from scales to cars by another
(6) Stowing in cars by third gang.

gang’

gaﬂg ¢
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Inbound Freight.
. (a)
Unloading from cars.
Trucking to wagons.
(b)
E;; Unloading from cars.
& Trucking to storage space.
Trucking from storage to wagons.

I ] :
tel‘miﬁ ‘l’rder to increase the efficiency of the working of the
andleg and hence reduce the cost per ton of merchandise
0 the terminal, a mechanical freight handling plant

Ust ¢ ;
q“iremerllltform as closely as possible to the following ré-

(1)
(2)

S $—
g; ; ;: must eliminate rehandling as much as possible.
(3) 1t must cause no congestion. ;
inc should be so designed and operated as to give a
and l’easeq capacity to the terminal compared with the
(g)  ~rucking method. |
(s) The Opérating expenses should be reduced.

i e switching of cars should be reduced as much
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A type of moving platform has been devised for handling
freight, and is capable of development for use in a number
of cases. This platform can be used either to carry the
package placed directly on the conveyer or else to move the
trucks in which the freight is loaded. For use in a long
freight shed two of these platforms could be placed on either
side of the shed, moving in opposite directions. A great
many suggestions have been made with regard to the use of
these platforms, but they do not seem to have been used to
any very great extent.

Some are in favor of a moving platform three to four
inches above the level of the stationary platform, with short
ramps, adjacent to it, while others think that the platform
should be set in level with the shed floor. The relative
value of these methods will probably only be settled by ex-
perience.

" Another type, similar in operation to the moving plat-
form, but different in construction, is the chain conveyer,
different views of which are shown in Fig. 7. As will be
seen, this is simply another means of moving the ordinary
hand trucks at a fair rate of speed along fixed lines. The

L/
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Fig. 7.—GCeneral Plan and

duCeEiG) The detention of cars in the terminal should be re-
i ( © the minimum,
: ,7]) It must pe capable of being operated at high st.e(:l'
freigp, SCPeTal, the different kinds of plants fof BT
M2y be divided into four classes, Viz: i —

(1) Conveyers.

(2)  Overhead travelling cranes.

(3) Carrier systems.

(4) Motor trucks.

Wh .
t atey { . le to overcom
be g5 €T type is selected, it must be ip of shape,

e i : .
526 anq €S Of copi i he great variety

an : coping with the & ) o
! ha § Velght of commodities which it will be called up

: : ious
D}?C ge:,fdlso with the necessity of transferring tII:e Z::S 16
t ro from the
¢ m the t ars, and 1Ir
Sto eams to the cars, hed doors.

ane platforms, or to the drays at the s
o cOr‘:"veyers"There are quite a number of different types
Chay Veyers in use for different purpoSess such as rollejz,
ahq f’or elt, Dlatforms, etc. These conveyers are verytsu}l)e-
l)audled 15€ Where freight of one general class a0 c1> on
Steq § .0 more or less fixed routes: such as are usua:1 5
bl t D piers and tr;n;sfer ’stations, but they are not adap

0 ¢
angy %
8Ing conditions.

TFRACH SIPL

Details of Chain Conveyer, with Truck in Position.

roller chain is set in a space below the floor with an opening
through the floor about one inch wide immediately over the
centre of the chain. On either side of this opening running
rails are set in flush with the floor, and in operation the truck
is wheeled on to the track and when lined up the handle end
is lowered and a swinging lug on the rear axle falls into the
slot and is engaged by a lug on the chain which then pushes
the car forward. Switches should be placed at about 4o-foot
intervals around the shed, as shown in the general plan in
Fig. 7. This conveyer has been patented by a firm of con-
veyer manufacturers and is designed to travel at a speed of
6o feet per minuté, carrying one truck every 12 feet, enabling
the conveyer to handle about 100 to 150 tons per hour.
Roller gravity conveyers have been installed for special
purposes, such as at the Minnesota transfer, near St. Paul,
where large quantities of lumber and shingle are distributed
from the cars by gravity over the lumber yard and ware-
house. '
The general opinion, however, with regard to these type
of conveyers described above is that they are too limited in
their capabilities to be really efficient in handling the great
variety of package freight such as is usually met with at a

general freight terminal.
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Overhead Travelling Cranes.—Overhead cranes have not
been installed to any very great extent for handling package
freight, but they are serviceable for taking heavy and bulky
loads over short distances and constant routes. They are

very expensive to install, owing to the great weight of the
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and carry it to its proper location in the house, the ““Ck?
returning to the car with the nearest empty truck, o
might be found convenient to have a narrow gauge track aeet
car operated by hand from the track side door to the str !
side door. The crane could then handle this as easily %
truck.

&

I

L

Telalrcr Zeaclea ~—=<\

G R

/;E;é:,(’:fw

Fig. 8.—Plan Showing Telpher Tracks at Bergen, Sheds of Erie Railroad.

moving parts and the heavy foundations and supports re-
quired. It has been suggested that a trucker could take his
load to a crane which would then lift the truck with its load

g that of

This scheme is as susceptible of development a.1iable 0

the moving platform or chain, although the crane i?
be more expensive both in installation and operatio?:

(To be continued).

———w

THE EFFICIENCY OF COAGULATING BASINS.

Engineers who have had any experience with the opera-
tion of filter plants will find the paper recently read before
the Illinois Water Supply Association by W. F. Monfort,,
chemist of the St. Louis water department, both instructive
and interesting. The St. Louis installation comprises a
coagulant house capable of treating with lime and iron sul-
phate more than 160 million gallons per day with a series of
unbafled basins. There are no filters, but six basins of
about 25 million gallons capacity; one of 40 million gallons,
and two of 20 million gallons each. The water flows through
all of them in series. The combined capacity of the system
is 230 million gallons and the area about 250 acres. The
system has been giving satisfaction ever since the World’s
Fair, but lately the suggestion has been entertained of sup-
plementing with a filter plant the present treatment. Mr.
Monfort’s paper reads as follows:—

Capacity of the Plant.—It has been popularly assumed
that the plant as now constituted is ample for the adequate
treatment of an indefinitely large volume of water. One
writer estimates the capacity of the plant at 250,000,000 gals.
per day. Operating results warrant a much lower estimate
based on the degree of success attained in treatment of vary-
ing quantities of different waters, ranging in suspended
solids from 14 to more than 8,000 parts per million.

There is reason to believe that even in the first year of
operation the clarifying system was overtaxed. The records
of this laboratory afford but twelve determinations of
suspended solids in river and clear well samples during the
year 10904-1905, of which two must be discarded for obvious
reasons. All are given in Table I. with consumption for their
respective dates.

In the absence of any evidence to the contrary it is as-
sumed that the scattered analyses are representative of the
working of the plant. Treatment was begun on March 22,
1004 ; the first recorded result nine days later suggests the
inadequacy of the plant, which then comprised but the six
basins in series, to clarify 67,000,000 gals. per day when the
suspended matter was 2,400 p.p.m. For 07.5 p.p.m. of
suspended matter in the finished water indicates the intro-
duction into the distribution system on the corresponding

i5
day, April 1, 1904, of 27.5 tons of suspended solids- ':;5”
possible that this result was abnormal, since mud pre? ened
deposited in conduits and clear well may have been 1002 i
by the flow. The second result, two months later, shoV pot
proved working, but suggests that 75,000,000 gals. o jyer
be handled properly when the suspended solids in thes the
exceeded 1,700 parts. According to present stan af 1o jo?
only passable results in the first twelve months of 0P° rive!
are those of November 30, and April 1, 1905 W B £io?
solids were less than 1,000 parts, and the daily cons! pish
was under 80,000,000 gals. Under other conditions the igh
ed water contained notable amounts of solid matter: ed t°
consumption during the World’s Fair period Overtaxe lts
new clarification plant the entire summer. Still, thes€ y 7i0f

show a vast improvement over conditions in the yea;ic w8

to introduction of the lime-iron method, when the pub ended
expected to make no complaint when 450 p.p.m. of sus?

matter appeared in the tap water. rﬂ“ﬂ"

Table 1.—Clarification Results for First Year of OP°

St. Louis Basins. paily s

(:01‘15‘11.!‘1150n

Suspended solids. in ﬂllllons.
1004-1005. River. Clear well. g367.5
7% 1L S IR LSS 2,442 97.5 745
b e I e 1,717 25.0 879
JUDE 30" i iiwnies ains o 3,753 32.5 5,6
JaslyEaa s i AT 1,604 43.6 gg‘g
AUGUSTRBO.Fadn v v 8oo 15.0 .
September 30 ....... 1,268 22.0 31_7
QBEODEr=21 wiie s vl s 578 12.0 13
November 30 ....... 376 2.0 12
December g1 dv.uss 208 10.0 79.3
ausapya At el s v 181 —0.2 ;3'7
kebruary a8 ', i, 2,478 —4.4 o4

AP0 (M et w bl el 000 0.0 7 rtﬂ’

In the second year of operation results aré geneeﬂd'
better. However, of 130 recorded determinations © 2 sult?’
ed matter in clear well samples, 40 gave negativ® eﬂpiﬂ"
Figures given in Table II. are averages of 13° de
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:}0115 for river and go for clear well. Average daily consump-

198 for each month is from high service pumping.

Compared with the new standard set by the previous
:ear, these results are good. Apparently lower consumption
i::geq better operation ; although the occurrence of so matn):
tion Z?lble results (negative quantities) makes 1nterpr: a
incly -lﬁicult_' The records show that from June to Janu ;yé
Wate Sive, l.llg'h caustic alkalinity was carried 1n' the treand-
ed S;i‘ This is Perhaps the explanati(_)n (')f the high s;.llsfeiess
than lds recorded, which seem to indicate somewha :

»000,000 gals. per day as the maximum capacity O

th
SOE;’lant when the river was carrying 1,800 p.p.1- suspended
S.

the Th,e w.riter specifically disclaims any re§pon51b111ty 1{21.‘
Sultg Ofregolng results of operation and .;malytlcal d;‘ta.direc-
tig OT subsequent years were determined }mder is .
f#ud are believed to represent with a fair degree O a
.c‘“’acy. -the working of the plant. Averages areé used in lieu
OIirgzmng the full detail of determination made ?rtx :Lins:;':
entj L . Inasmuch as total displacement of wate ;
o basin system requires from 7 to 15 days, the averages
‘issl:ililomhs of operation better represen‘t th'e blende:!i1 w;t;;;
are € from the clear wells to the distribution system. -
el in Fig. 1, in sequence with those of 1905-1900.

Solid?l~e diagram shows graphically that when st;ileencii
Sum i th.e raw water were below 1,500 p.p-m- s
age itlon did not exceed 75,000,000 gals. Per day, i
or Uspended solids in the clear well water were ust e
eith:rth.an I or 2 p.p.m., increasing slightly w1th.t;),1 f;oncur-
Tent r-nv?r solids or consumption, and greatly Wi
1Se in hoth,

T uis
s Il.—Clarification Results for Second Year, st. Lo
Basins. ey

g umption

Average suspended solids. colﬁ‘»lillion

190 Parts per million. gallons.
&D!’il 5‘1.9‘06 River. Clear “.’e“' 67.0
R Wt cee 69.5
e 1,062 1:; 78-4
July el 15209 7.4 75-8
A:gust ........... f,g:(s) ooty 779
W, 3 o 737
gﬂober Ty P 2,056 l;:b’ 68.7
Dovember . ........ I,Z;: 5 '+ 64.0
g ec&mber ........ wr o 63.0
FanUary ........ o 62.6
ebl'llary ......... 611 oy 65.2
March .......... 249 A 62.2
............. 41 A st
1,320 8.2 69.0

’ It is DNoticeable that when pumpage Was dmlusccl:o a:aor:
the ‘111’:190 8als. and river solids greatI}f exceedlfang,ed for the
Worg, | Of the treated water was seriously € g 1
treate 0 general, the curves of suSp.ended ;’f‘ds and high
Congy VAter reflect the effect of high Tiver SOUCE " T g
ill‘lst ml:mon, following one or both in extreme gkl
Congs.. D8 the fact that these uncontrollable factorIt i
1S Which the present plant cannot meet. L
Dea TaW water carrying not more thal I’lioopublic of
| intlfed. Matter can be made acceptable ©0 3¢ T T g
r'lillion s 5o long as consumption does not eifcplant e
My gals‘, per day, but that the capacity of-£0e

Y With the suspended matter.

s“mptie diagram further shows that from I
N exceeded 78,000,000 gals. per day

itio

o 1910 €OD”

t
998 he sum-

only in t
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mer and fall months, while in 1911 and 1912 the average
daily consumption has rarely fallen below this figure at any
time. The rise in river stage caused by rains of the late
spring and summer brings high average suspended solids in
the raw water; for suspended solids vary with the stage.
Coincident with these times of high turbidity comes the
heaviest draught upon the distrihution system, when lawns
are to be sprinkled and the greatest waste of water occurs
It is, unfortunately, true that periods of highest turbidity
are generally periods of greatest consumption.

Efficiency of Clarification.—There is abundant evidence
that efficiency of clarification and bacterial reduction are
conditioned by: Rate of flow through basins; amount of
sludge already deposited; character and quantity of suspend-
ed solids in the raw water; temperature of water in river and
basins; wind velocity and direction.

When a water properly treated is passed through the
settling basins, 97 to 99 per cent. of the suspended matter is
precipitated in the first basin, the percentage removal de-
pending upon the character and quantity of solids contained,
the temperature, wind velocity and direction, and the amount
of sludge in the filling basin. In passing succeeding basins
the remaining suspended matter undergoes a further reduc-
tion of one-half or one-sixth; corresponding to a few hun-
dredths of 1 per cent. reckoned on suspended matter in the
raw water, likewise dependent upon velocity, size of particles,
wind and temperature. The major portion of clarification is,
however, accomplished in the filling basin of 25,000,000 gals.
working capacity. There is no provision for applying chemi-
cals after water enters the basins. Efficiency of the plant,
therefore, depends primarily upon the volume of water which
can be satisfactorily clarified in the filling basin.

The weight of suspended matter in the effluent of suc-
cessive basins varies with the weight of solids carried by the
raw water. The percentage is approximately constant; the
actual weight of solid matter remaining in the finished water
is proportional to that originally present in the river water.

TABLE HI—SUSPENDED SOLIDS IN EFFLUENT OF SUCCESSIVE BASINS.

Parts Per Parts Per Parts Per Parts Per
Per cen er cent Fer cent per cent
million. removal. million. removal. millicn. removal. million removai
1,444 ... 4,500 .o. 1,000 i

14, 99,01 47 98.5 95 8.0 25 99.75
121 99.16 21 99.3 50 98.8 20 29,80
S.4 99.4 14 995 35 99.2 10 99.9
71 99.5 12 99.6 20 99.5 10 99.9
5.8 99.6 10 029.7 15 99.7 5 99.95
5.6 99.6 19 207 15 99.7 5 99,95
e ane e 5 99.95
35 " 5 99.95
70 80 80 120 million gal.

The results in Table III. are from the records of periods
when pumping was constant. Since the course of currents
will vary with changing rates, and the velocity and conse-
quent carrying powers of currents increases with increase in
pumping, the weight of suspended matter carried over the
first weir is subject to wide fluctuations. A change in pump-
ing from a rate of 6o to go million gallons per day has in-
creased the suspended matter in the treated water (clear
well) by from 2 to 7 p.p.m., and a further sudden increase to
120,000,000 gals. per day has caused a further rise of 10 to
13 parts, which was carried "through the entire series of
basins and conduits to the clear well, where 25 to 30 parts of
solids in suspension occurred.

Slight changes in temperature suffice to alter the course
of currents through the basins. In the spring, when the
temperature of water in the river and basins is rising, the
sludge is less subject to disturbance than in the fall and
early winter, when, with falling temperature, the influent
water, more dense than the warmer water of the basins,
passes downward over the sludge, causing it to carry over

weirs.
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In the fall, with lowering atmospheric temperatures, the
sludge and water in the bottom of the basins are sometimes
1 degree Fahrenheit or more warmer than surface water of
basins and river. Circulation is then effective in changing
the course of influent water currents, making them deeper
and increasing the scour.

The sludge is further ' subject to disturbance by wave
action when high winds prevail, a frequent occurrence in
March. In such case the amount of suspended matter carry-
ing over the weir from the filling basin shows a marked in-
crease. Our basins have a working depth of about 14 feet.
Similar effects of wave action have been noted in other reser-
voirs 18 feet deep.

The basin at the Chain of Rocks (52 acres) are all un-
covered, all used in series, and therefore, subject to disturb-
ance by each of the agencies affecting their successful
working.’

Character of SIudge.—Suspended matter with the coagu-
lum produced by chemical treatment subsides rapidly, under-
going a change in volume during its accumulation in the
bottom of basins. When freshly formed it is loose, dissemi-
nated through the full volume of water in which it forms;
under average conditions after 1% hours it occupies about 3
per cent. and after 24 hours about 2 per cent. of the original
volume. After this lapse of time only the newly precipitated
portions are disturbed by gentle currents.

Opening mud gates at 8-hour intervals seems to reduce
the sludge only near the gates, since it follows in a general
way the contour of the bottom of the basin and is of such
consistency that it does not flow readily over the compact
material of earlier subsidence. The tendency is for each
new deposit to collect more thickly upon the highest points
of previous deposits.

Bacterial Removals.—Bacterial purification, as shown in
Table IV., is proportional to the degree of clarification, fall-
ing a little below the percentage removal of suspended solids
for the reasons which are cited below.

Table 1V.—Removal of Bacteria With Suspended Solids.

Suspended solids. Bacteria

Parts per Per cent. per Per cent.

million. removal. cu. cm. removal.
RIVEr v o5 s St 1,444 57,000 vt
Bagin 15 o a0n 14.0 09.01 033 06.1
Basivt ot S o 7|3 AT 8 BN s
Basinign .5 advi 8.4 00.4 500 00.1
Basin . fo i i 7o ; YO e s e
Basin 5 .. s 5.8 00.6 100 00.8
Basin 6. .00 5.6 (oo Al L AW e
Clear well 236 00.8 42 00.09

Bacteria entangled in the natural sediment of the water,
and gathered into coherent masses with the coagulum, con-
centrate in the sludge to the extent of 1,000,000 or more per
cu. cm.; they are subject to disturbance and dissemination
through basin contents by varying currents, however pro-
duced, and are easily carried through latter basins to the
clear well.

It has been observed that slight changes in tem-
perature of the influent water, causing almost infini-
tesimal differences in the density from that of water
at different levels in the basins, give rise to turbid,
polluted effluents from each basin in series, as the less com-
pact layers of sludge are moved; that overturning, which in
large bodies of deeper water occurs but twice a year, may
occur several times a week when warm and cold days alter-
nate in spring and fall; and that with a slight rise in
suspended matter carried from the older sludge in the filling

Volume 24

basin may come an altogether disproportionate incre.ase :)n
bacteria, by reason of alterations in the rate of pumping £
the currents produced by high winds sweeping along the 5';6
face of a half mile of water. When it is considered that t 3
combined surface of water exposed to winds and 'cemperatur
changes is more than 52 acres it will not seem idle t0 rete
to what might at first appear entirely negligible factors:
See Table V.

An abrupt change in the rate of flow through basins maCY‘
cause the sludge to carry its burden of bacteria through s¥ 1
cessive basins, e.g., on August 17, 1912, such a chang® o
curred, followed on the 1gth by the appearance in the Ceo'
well samples of contamination with organisms of the B. ¢
group. )
Change in the direction of flow incident to cleaniflg aﬁd
restoring a basin to service affects both suspended solids 2 4
bacteria per cubic centimeter in the finished water. Bas'lﬂ'
was thus put in service June 6, 1912. The rise of bacteri?
clear well samples was from 150 per cubic centimeter 0% 1af
6th, to 3,300 in the following week. In this case irreguns
pumping (at rates ranging from 70 to 120 million gallo
per day) was a factor in producing bad results.

Table V.—Effect of High Winds on Bacterial Counts:

February 17. February 24, 1909;
Bacteria Per cent. Bacteria Per ceﬂ.'
per c.cm. removal. per c.cm remoY
RIVEL AT o abaits 24,500% 33,700% ? 63
Basinerit A% s 1,550% 03.67 2,470% 92 i
Basiniz-% LU 0 1,000 05.02 8go* 97:3
Basiag s ts, ML 338 97.80 820 97-57
Drawing gate .... 720 97.06 2,060 g1.22
Terminal chamber 1,325 04.50 3,475 89'72
Tape T Y 05503 7321 13,750 568 o
It is apparent that bacterial reductions are subJeCtlts.
disturbance from too many factors to give constant rest 8
We have no safeguard against turbid, contaminated w?on,

under these conditions. Table VI. shows the dispropot® b
ate increase of bacteria released by stirring p1'eviously
posited sludge.

River samples usually give evidence of the presenc®
bacteria of the B. coli group in 1,100 cu. cm. The finis
water has given counts of more than 30,000 bacteria pel‘e B
cm. on gelatine at 20 per cent. C., and members of * o
coli group have been found in 6 per cent. of tests 0P '
cm. 'samples in a single month.

sin
Table VI.—Bacterial Increase in Clear Well After B2

Cleaning. cent

Suspended  Bacteria Per oval
1912. solids. per c.cm. eﬂlg.ﬁ
June iiBK s i e e i 15 150 39,6
s i e PR 12 250 004
2 e S R e 14 300
= (o) W S AR o S ol T 082
SRR L OB T S BT 11 775 072
R * S KT AR o 12 1,100 98-6
b e 1 R R PR AN AR Rt 1 ) 10 475 3.0
R a0 e T e S I1 2,075 g 3

04

RN o s e A s 6} 1,500 929

¢« | S R T U, SR 10 3,300 hefg

t
B ph x : s
In reviewing bacteriological results for past Y‘j’a oints
is noticed a very wide divergence at any one samPl“zgva ous
and extremely irregular counts for a given period 2 hop®

3 . 5 % n :
points in the clarification system. The utmost W€ S pave

. X . can
for is a large percentage reduction of bacteria. We i

*Note—Bacteria of the B. coli group present.
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While the deposit in the distribution system does not
now seem to be increasing rapidly, there is still some in-
crustation in progress, due to the blending of unequally soft-
ened waters. Trouble from this source can be lessened by
longer storage, which will equalize the quality of the water
before passing the high service pumps—a very costly ex-
pedient; or by so regulating the degree of softening that the
finished water shall show a high degree of uniformity—a dif-
ficult matter when the raw water is changing quickly. Lower
regular velocity through the settling basins would allow
longer time for softening reactions; this entails the use of
several filling basins, instead of but one with the rest in
series. Finally, further reduction of this trouble could be
effected by changing the order of chemical treatment, add-
ing lime first and agitating the treated water before the
charge of iron sulphate is applied.

~ g8 —€65 =S8 = §2 3 KBS S 8= .5 8V =
38 3528 3883 85 388 383 3§29 3
35
1 U A
30 i i i ‘
i :
MR ;
25l i H } ! !
I T {1 w1
t 8 1 ]
2 C"' | ]|I i .i\. || | :
/ e | [
St:;Pp?:;"_ 5}:7&0 N I 1 '; ,A\l '\\ i N 1I !
Subp Solds vy 1 4] pall G
1500P PM, === 151X . TAAT 'L| (Al Cy?"ﬂ"’é’éﬁ?"
Consurrptionxy - i |" 1 it
RS R R TR S
Susp Sonds in M ‘“" AL . ““ v ' | Hi 1
Clear well N AL TN N
7 P i T
AN o i INHA i/
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Fig. 1.—Diagram Showing Relation of Consumption to
Classification, St. Louis Waterworks.

There are several methods of arriving at a standard of
judgment for considering the efficiency of coagulating basins
as full and final preparation of water for distribution to con-
sumers ; comparison of the quality of the effluent with respect
to clarity and bacterial content (a) with that of the previous
supply, (b) with untreated water from day to day, or (c)
with the effluent of a well operated filter plant.

Table Vill.—Intermittent Sedimentation in Mains. Suspended
Solids in Parts per Million.
Tap—city chem-

Clear well. ist’s laboratory.

1005-1906. Max. Average. Max. Average.
April " iy s A e v Vi 8 6
May ialeecnccrienan 40 13 22 21
June o..oeeeeenieann 6 3 25 15
July  oeoiieiiiiein 21 7 162 81
AMQUSE: onavary it 34 12 20 16
September - iy o 5.8 26 10 20 17
O GEOBBT % 5% i T 10 6 12 8
NOVember S+uGat . i 7 6 13 11
December  .......... 30 9 12 12
January = ...l 15 9 4 2
ebIRary il e 14 7 o o
140 027 g s Lt LB B 2 8 12 6

During the first year of operation at Saint Louis the
weight of solid matter carried into the distribution system
averaged 25 p.pm.—ranging from none to 97 parts; the re-
reckoned on the weight of
solids in the raw water. While this was a decided improve-
ment over conditions prior to treatment the introduction of
an average of 8.7 tons of suspended matter per day into the
mains left much to be desired if one compares this result
with the standard set by a satisfactory filter plant, whose
effluent contains no Wweighable quantity of solid matter in
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suspension, and shows no visible turbidity or opalescence in
bright sunlight.

The local standard of purity has advanced from year to
year since the clarification system has been in operation.
Prior to 1904 sedimented water containing 60 to 450 p.p.m.
of solids in suspension was accepted, if not approved. Com-
pared with that standard, the quality of water furnished in
1004-1905 was excellent. The next year showed a marked
improvement, and established in turn a standard for com-
parison of the succeeding year’s supply. With each subse-
quent year the quality of water furnished has been progres-
sively better, until 1910-1911, when consumption so far ex-
ceeded the plant’s capacity that there was a falling off in the
quality of the effluent, although it was still superior to that
supplied before 1907-1908. - The capacity of the present plant
must be increased. The extensions and changes made must
provide a better effluent than the present public has been
educated to demand.

It is apparent that the addition of a filter plant to the
coagulating basins is essential if the residual sediment is to
be finally removed, and the high color which sometimes
characterizes the raw water is to be reduced to an acceptable
degree. Operations under prevailing conditions in a plant
of this size and character do not admit of the close control
possible in a‘filter plant, where the units (filters) are small,
subject to immediate supervision and washing, and their out-
put regulated by rate controllers. Furthermore, with filters
the solid matter collected with entangled bacteria is quickly
and permanently removed from water passing through them;
whereas coagulating basins give too frequently only a tem-
porary separation. It is manifestly impossible to interrupt
the flow through any one basin at will, should the water in
it prove unfit for use, without seriously affecting the con-
tents of other adjacent units by altering the course of cur-
rents through them. Nor is it possible to wholly eliminate
the previously accumulated sludge in filling and sedimenta-
tion basins, so that after cleaning the first water passing
through them shall be faultless.

With seven filling basins and six additional new reser-
voirs for sedimentation, as considered in a report made by
the writer, there would be effected at best only a percentage
reduction of suspended solids and bacteria, with no assurance
of a safe, clear, sparkling effluent. Irregularities incident
to a plant of this character, where pumping and drawing and
the consequent period of sedimentation are subject to wide
variations directly affecting the finished water, can be avoided
only by filtration.

The abridged form of treatment adopted prior to the
World’s Fair has beyond question served a very useful pur-
pose. The question has arisen whether the present system
of partial softening, coagulation and sedimentation shall be
extended by adding further sedimentation basins to the al-
ready existing plant, or supplemented by a filter plant which
shall afford a perfectly clear water at all times, with fairly
constant bacterial removals and the possibility of immediate
control of operating conditions. The cost of constructing
two basins of 40,000,000 gals. capacity each was about $7,500
per 1,000,000 gals. capacity.

It is hardly possible to make the necessary changes in
present basins and add the required reservoir capacity to
provide for clarification of the volume of water which will
certainly be consumed within the next ten years at a cost of
less than $1,500,000. Whereas a filter plant added to the pre-
sent basins with certain changes outlined comprising 40
filters of a normal rating of 44,000,000 gals. in 24 hours, can
be constructed at a cost of about $1,250,000.
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3 ; A eapel
There are locations where basin construction 1S ch

where prolonged sedimentation in very large reservoirs 5.
be advantageously used in producing an acceptable © oo
for a time—until the public forgets its earlier satisfac o
with an improved water supply, and clamors for furtl}ern
terment. Before such installations are begun theré 15 ;
of very careful study of the quality of the untreated wate u, )
show its adaptation to coagulation methods and good ] i
ment as to arrangement of the plant with a view to the ®=
mate addition of filters.
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CONCRETE SWIMMING BATH AT
SOUTHAMPTON.

By J. A. Crowther, A.M. Inst. C.E.*

(Borough Engineer and Surveyor, southampt"“')

]
The original bath, which was constructed so®® yﬁ:g
before the writer of this paper came to the town, ¥ eﬂiuc
sented to the Southampton Corporation by Mr. Tank
Chamberlayne, Member of Parliament for the Borough ides
The bath was originally 156 feet long by 30 feet very
having a depth of 6 feet. The ground proved t en at
treacherous, being on the bank of the River =™ “ige
Northam, and the bath was, and is, filled by the rising vid°d
Therefore, it will be seen that two forces must be pfo' and
for: (1) When the tide is out and the bath full of watels
(2) when the tide is high and the bath empty. _adeot
To meet the requirements of condition (2) it 18 g ¢ the
that the bath must be securely anchored to the b pet

river to make sure that it shall remain in Posl'tlfmitb'
empty, and a high tide prevails, otherwise the bagetrimoﬂ,‘

go sailing gaily down the river, possibly to the

of shipping. ks
Soon after the old bath was brought into us€ cra at

the walls and floor developed, and to such an ex'tent path

was found to be impossible to keep the water 12

when the tide was out. ;

Tests were made by closing the inlet valve, and aﬂ: vide
the tide to rise outside. The result was that as . ﬂdiﬂg
rose a distinct tremor could be felt by any person sw 23
on the edge of the bath. Further it was found th_at tvalve
wedges loosely inserted at low water and with the inle . hﬂd
closed, could not be withdrawn by hand when the Y
risen. i ot
Under the above circumstances the author Cou - 108
advise the Borough Council that it would be Saf:e i Watéf'
bath, even when it contained a sufficient quantity °

In February, 1003, the author submitted tW©° 8 ’aﬂd
to the Baths Committee for reconstructing the P2 forc®
making adequate provision for withstanding th;as pe®
arising under the two conditions to which reference
made. :

Scheme 1 was for ordinary elm piles wit
superstructure.

Scheme 2 was for ferro-concrete on the Mo
bique system throughout.

The estimate for Scheme 1 was $35,106.03, 207 son
Scheme 2, $4,623.00, and, being distinctly of °pmo 3ﬂt
ferro-concrete work will last as long or longer th_an acc&P
timber piling, the author advised the Counc
Scheme 2.

On account of expense, and in order t
foundations, it was decided to construct the ne

¢ ol

b2 %
né
ucl:lel’Hﬂ1

fof
d thattha‘

. pett%
4 obtal% b d

* From a paper read before the Institution ©
and County Engineers, England.
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Smanel_ . {
curtailind‘mensmns than the first one, this being done by
g the projection of the bath into the river.

by 7T?:etdldmen5i°ns of the new bath are 75 feet by 30 feet,
Other, hav_meep at one end and 4 feet 6 inches deep at the
Y 10 feet g also a filter or straining chamber 30 feet long
Th wide.

waellsgiffater part of the old bath was removed, but the
ade for the remainder were left so as to provide a pro-
Der b0nd.the new part, care being taken to ensure the
Ing of the old and new work.

3thn1;t(;‘°;1 of Construction of the New Bath.—The whole
14 incheg ster are carried on twenty-two ferro-concrete piles,
Jtamg SqQuare by 32 feet long, longitudinal ferro-concrete
mcheS!a;amChes wide by 10 inches deep, spaced 4 feet 10
7 incheg Wrt(i centre to centre, and ferro-concrete.cross—beams,
Centre ¢, lde by 10 inches deep, laid o feet 4 inches apart,
Tiving of ‘tc}elntrg, The specification provides that in the
Or the 1, e piles the set should not exceed half an inch

St ten blows of a 30-cwt. monkey falling 30 inches.

Side
men
DPro

Open Air Swimming Tank.

8 Th
s w:sform‘ﬂa used for calculating the resistance of the
e the usual one of I = WH/8D.
Bonkey, rie L = Safe load on pile in tons,
D Set ¢ hl.mdreweightS, H — Fall of mon
of pile in inches. ,
Under :zilslet of every pile was carefully observed, and here-
be found a few examples:—

W = Weight of
key in inches,

i o Length Length
of pile, driven, S.et,
ik ft. . in. ft. in. in.
i S 32 o 28 9 %%
I3 .............. 32 o 28 o %
i R i Bhe .
e 3210 26 9 %
T G RS
Dileg . "Il be noted from the above table that, although the
driven was from

€re .
26_feet 0 made 32 feet long, the distance
Wireq te Inches to 38 feet o inches, at Whic
: e Sistance was obtained.
tl% 3 COncrete was then stripped off the pm;ectmg por-

i over and thor-

1
°u8‘hl ,he Piles, and the steel bars bent i 1 erods:
tal an

Vi .
Sams, Oterlaced with those of the horizon

h depth the Te

T ‘
Wl he floor and walls are 43 inches thick. The concrete
pmmen the olq bath (before referred to as being .left as a
Congy uede > are carried on the cross-beams, .WhICh w;::
“the old wthmugh the pile heads, and about 15 mt_:hes uno1
ete alls. A chase was then cut vertically in o his
chase Wall and the cross-beam continued upward of o

tup, a hole struc-
i counte of the W :
s inclygs rfort. The steel WOrk sides, was all tied

to i

bgether admg' the piles, beams, floor and he main
ars, § "d interlaced by means of Straps spd S

at the whole was securely bound together.
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The piles were made in wooden moulds laid horizontally
and the reinforcement of each pile was made up of foul"
1% inches diameter bars running the entire length of the
pile, these bars being braced together with links or stirrups
of ;;-.16-inch diameter. The steel work was first placed in
position .so as to leave a space of about 1% inches (not less
than 1 inch) between the steel and the wood framing, in
order that the concrete might entirely surround the m’etal
and preserve it from the action of sea water. The mould
was then filled up and carefully punned so as to make a
solid mass.

The piles were turned in about fourteen days, and then
left for further seasoning. When considered to be sufficiently
hardened, the piles were placed in an upright position for
driving, and in this position the atmosphere could play on
all four sides of the pile, and so quicken the process of
seasoning. While in the vertical position each pile was
watered every day before being driven.

As it was necessary to complete the work as soon as
possible, some piles were made up with concrete in the pro-
portions of 1 part of Portland cement to 3 parts of sand and
aggregate, and driven three weeks after having been made.

The specification provided that the concrete for the piles
should be in the proportion of 1:5, and that for the sides,
floor and beams in the proportion of 1:4. The specification
for the concrete was very stringent. All the cement was
carefully examined and tested for specific gravity, fineness
of grinding, tensible strength and soundness. Care was also
taken to secure clean aggregate.

Well knowing the difficulty of securing good concrete
work in tidal waters, and especially in Southampton, where
we have four tides to be contended with each day, the author
attached much importance to securing a good contractor,
and to a stringent specification governing both workmanship

and materials. |

The first condition was secured by adopting the Mouchel-
Hennebique system of construction, as this firm insist upon
their work being carried out by licensed contractors, which,
of course, means that none but good and experienced men

are employed.

The specification provided that upon the completion of
the work the bath was to be charged with water to high
water of the highest spring tide, and to remain so for at
least fortv-eight consecutive hours; then to be left completely
empty for the same period, and to remain perfectly water-
tight and sound in every detail under these conditions before
the engineer would give his certificate as to final completion,
and that the contractor should maintain the bath in such
watertight condition for a period of twelve calendar months.
Although the contractor experienced great difficulty in doing
this, he succeeded and left the bath as specified.

The view reproduced in the accompanying illustration
shows the new bath when empty.

———

REINFORCED CONCRETE COALING STATION.

A locomotive coaling station of reinforced concrete of
2,000 tons capacity, has recently been built for the Phila-
delphia and Reading Railway at Philadelphia. The build-
ing, which spans seven railway tracks, is supported on seven
rows of five columns each, and one end row transversely,
the rows of columns being parallel to outer lines of tracks.
The floor of the bunkers is of sufficient height above rail
level to permit the largest engines to take on coal and dis-

charge ashes.
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GAS DISTRIBUTION IN TORONTO.*

By D. L. HIL

[NOTE.—Municipal engineers are frequently confronted with
real problems caused by gas mains crossing the under-
ground work of other corporations, such as telephone, conduits,
water mains, etc., and it is felt that the paper printed herewith
will prove of considerable interest to many of our readers who
are coming in contact more or less frequently with this diffi-
culty.—Ed.].

In taking up the subject of gas distribution, the question
is so broad and the time at my disposal so brief, that nothing
more than a mere synopsis can be given of the various opera-
tions connected with this branch of the industry. For this
reason I have divided the subject into sections, so as to be
more easily understood and followed.

The view of the lantern slide shows the trunk main sys-
tem of Toronto, and is confined to cast iron pipe only.

8treet Malns; Thelr Functions.—Street mains bear the
same relationship to the gas company as the delivery wagon
bears to the merchant; they both deliver to the point of con-
sumption the commodity sold. It is a noticeable fact that a
mercantile house doing a large volume of business covering
a wide area, has delivery wagons made of various sizes. For
local delivery, small one-horse wagons are used, but for
suburban and interurban delivery, large trucks and vans are
employed with a capacity several times greater than for local
duty.

The analogy is apparent when applied to gas mains,
hence the diversity of sizes. The large, or trunk mains, as
they are usually called, carry the gas away from the holder
to the distant points of consumption, the intervening terri-
tory being interlaced with what might be termed intermedi-
ate trunk mains, which are fed by the larger ones. These
intermediate trunk mains divide the city into sections, com-
prising many streets and blocks, and it is from these inter-
mediate mains that the service mains derive their supply.

Sizes of Malns.—The sizes of the various feeder mains
are determined by Pole’s formula for the flow of gas in pipes
when the quantity, or volume, of gas to be delivered is
known, but, unfortunately for the gas engineer, this is not
always obtainable, for oftentimes large building operations
are launched in isolated sections of the city which develop
quickly into an area of large consumption, a condition which
in no way could be pre-determined. Therefore, unless the
feeder mains have been laid of ample capacity, the company
would be put to considerable trouble and expense to meet the
increased demand, so that the decision as to size of these
mains rests largely upon a question of judgment born of
experience and knowledge of local conditions.

The size of service mains is determined more from the
standpoint of durability and economy than of capacity, for
in the majority of cases where 4-inch mains are laid a 2-inch
or 3-inch would amply supply the maximum demand, but
owing to the structural weakness of the smaller sizes, caus-
ing the supply to be frequently interrupted by breaks, stop-
pages by ‘‘trapping,” etc., attended by the necessity of im-
mediate and expensive repairs, it is more economical to
adopt a liberal policy regarding the sizes of service mains;
the company’s rule being to lay nothing smaller than 4-inch.

Peak Load, or Maximum Demand.—The question of
maximum demand might be of sufficient interest to mention
in passing. If it were possible for the daily consumption to
be uniform for each hour of the twenty-four, it would mean

* Paper read before the Consumers’ Gas Company Edu-
cational Association meeting, April 8, 1913.

of the bell, the ends being turned out and held by 2
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a great economy to the company in Street mains, but t:e
mains must be of sufficient capacity to meet the demand 5
“peak load.”” By referring to a Bristol recording gaus
chart it will be noticed that the time of this increased de™
is variable, but in general it occurs between the hour® 4
and 7 p.m. daily, during the fall and winter months, due :
the overlapping of lighting, industrial, and domesti¢ loa
The extreme ‘‘peak load’”’ will cover a period of pefhapsan
minutes, in which time the consumption is increased murs'
times over any other similar.period out of the 24 ho 06
necessitating a severe tax on the main system, while s?on-
other periods of the day have practically no consuml?:dsﬂ
To increase the consumption of gas during these ‘‘off Per’ the
is a desideratum which is vigorously encouraged
company through the sale of industrial applian'Ces' e
bringing a return from a heavy investment in a maln_sis o
at a time when it would otherwise be earning litte
nothing.

4

. 1y Jine
Main Laying.—Mains should be laid in a straif®l i,

and of sufficient depth so that it will preclude any POSS* e
of disturbance, either from street traffic or climatic .Ch?ng id
The first consideration can be omitted, for if a mai ,l? o
below the normal frost line in this climate the p055_1blmyour
disturbance from street traffic is very remote, beSldes’i
mains are laid chiefly between the curb and the street trect
so that heavy traffic could only affect the mains 3t
crossings. The custom is to lay mains four feet Pelo‘;any
surface and of the same grade as the street, but 1B """y
cases the mains are laid in advance of street gfadlng' g
which event the main is laid to a grade of 2 inches, app evgl
mately, for every 100 feet. When the grade reaches at‘dril’
of one foot, more or less, below the normal .depth_, “ ward
pot” is set, from this point the grade of the main 18 upr
until the summit is reached at normal depth, when the & s
again is turned downward. The necessity of this g2 l.eniﬂ
due to the fact that the aqueous vapors held in SuspenSInsed.
the gas while in the holder are thrown down, or €0 urett
when subjected to the varying temperatures of the o
main, This condensation then flows to the ‘‘drip pot.
gravity, to be pumped out at intervals. A
The trench should be no wider than is necessary : i it
the main, which should rest on good firm earth, for e
sags or settles, the condensation finds lodgment d';ere,i if
restricting the flow of gas, or completely obstructing eive
the sag is deep enough. After the trench is ready t© rof the
the pipe, the spigot end is brought home into the b€ and
preceding length, care being taken to see that the }?e it
spigot end are perfectly clean before entering. ThitH of
ing space is then filled to within 1% inches to e
the face of the bell (the depth varying with the S12¢ 126 10
pipe) with jute yarn twisted into a rope of sufﬁcieﬂt.s11 (4
completely fill the joint space, after which it is R @ ht:
hard with hammer and yarning iron so that it is 82° “qyis
The remaining space is now filled with molten leac: Jam
operation is performed by placing a lead rummer, ¢ front
made of asbestos rope, around the pipe immediately mclaﬂ‘p'

leaving a triangular space for the ‘“‘gate’” thr‘?ug moved'
the lead is poured. When cool, the lead runner 15 e st
the lead forming a fillet, outside the bell, which is th.en 100k
with a hammer and cold chisel, followed with Caulklnf) eth
of varying thickness until the last or finishing tool Col:;le 16zd
fills the jointing space. When the joint is finished
is flush with the face of the bell. nds.-&’
In general, mains should be laid with as few beld
possible. In turning sharp curves the pipes S ¥ egiﬁé
be ‘“‘broken” or swung over at each joint until the
curve is reached, but circle bends should be used, -




May 8, 1913.

im g
DtcLS:I?llle to make a good joint when the pipe is. not in !ine.
are macedﬂcnon of intersecting streets.spe?lal pipe castings
0 maj , so that. at any future time it might be necessary
y Connection with this main, an outlet is ready, thus

bviat :
108 the necessity of cutting out and inserting a branch.

is doLn?klevll(ork'-NO matter how carefully the main laying
Wing t};at itihs are sure to develop, for it must .be borne in
Other ¢y ¢ &as company has only the same rights as any
Or their Poration enjoying the privilﬁ;ge of using the streets
City, like '-;?dergmuﬂd operations. In a densely populated
. oronto, the underground work of other corpora-
Quently comes in contact with our mains, thereby
e thrnogl; tﬁe earth surrounding them. In the course of
ain g 'caf‘ the settlement of the newly filled tr(?n_ch, ou;
l'e‘luentlv rled. down with it, attended by leaky joints an
Y Causing a break.

100 fre

dlsturbi
ti

>

S“TAVZ;OOH as the report of a leak in the street is {eceived,
Iocate it e surrounding territory is made immediately to
S brg eS Source. It might come from a dozen causes, 'such
leaking 1 Stand-pipes, defective house piping or fittings,
fin an dmeter_. €tc., any of which is comparatively'easy to
feren, t T€Pair, but a leaking main or service requires dif-
featment, anqd s frequently attended with no small
proxirnityo danger, particularly if the main is in clos.e
- Oduit oto Some other foreign structure such as an electrli
\ighy eI;ou T telephone duct. As these strucr.urfes fire no
. Carrjeq glh i brevent the gas from entering, it is liable tg
iy sen O?g distances from the source of the leakage an
u atioce 1s manifested at the nearest manhole. Tl}e ac-
Sbay, 3 U of gas in this confined space on!yw requires a
Jury 4 i;:reate an explosion, at times resulting @n serious in-
nlo Suc e a.nd property. When the leak is in a street v‘v‘here
nng:, b Oreign structures exist, it is usually found b?' ; bar-
el S ogr the main,  This operation consists in driving a
V& dete bar through the earth over the main, the leak be-
ba is “ted by the odor coming from the opening after the
Iead 'Swnhdrawn' If the leak is found to be at a joint, the
2ora mer-e ly recaulked, but if the main is broken 2 tem-
8o op gt it made by wrapping the fracture with a band-
- ts‘oaped muslin until a split sleeve can be procured
»ca P Place, i.e., if the break is of such a nature th.at
name ilne r.epaired in this way. A “Split sleeve” is what its
i eldphes’\a sleeve, split or divided through the ceptre.
tide, together by bolts through flanges cast o1 either
e main is scraped
arm
ted

To
th°rou Place 5 split sleeve in position, th ]
Wate liis ¥ clean, ang millboard, after being softened ot
ang gy Placed between the flanges, the bolts are 1nser
bresse it brought up tight, so that the millboard is com-
o a ‘M0 any unevenness in the iron, which, when drs
the eeDerman.ently tight joint. The jointing space between
ki ive and main s made up by first driving in jute Yart
bell a; ; th?n followeq by molten lead, similar to an ordinary
fecteq so.PI8Ot joint. If the break is longitudinal, o o
Serteq, *%on of pipe must be removed and a new piece 1111]-
8as sy IS operation necessitates the interruption T
e‘{ent Pply, if the main is fed from one Way only, in which
iy be ® Consumers affected must be notified that the gas
Ut off while repairs are being made. !
o a?ngas is shut off when repairs or the connectios 2
suﬁicien s'are being made by drilling a hole in the fnam o
of thip : SZ€ as wil) admit, a rubber bag. This w mage
sila‘lleter %€t rubber, from one to two inches larger than T
:1&. FOOf the main, to which a hose is attached. for mﬂi;
by Dla&inr the smaller mains the bag can be easily e
Ut for lar the end of the hose to the mouth and b0 w::)g:
8er maijng “stopper”’ is usually employed 10
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junction with the bag, the bag being inflated with a hand
air pump.

The “‘stopper’’ consists of two flexible strips of whale-
bone to which is fastened oiled canvas of the diameter of the
pipe. When pressure is exerted on the ends the centre por-
tions spring outward in the form of a hoop, bringing the
oiled canvas taut, thus relieving the gas pressure from the
rubber bag.

Services.—It is through the service that the consumer
receives his supply from the street mains. The company
install all services gratis when the building is on the street
line, but if the building sets back from the street line a small
charge is made to run the service from street line to build-
ing, being merely sufficient to cover the cost. It is the policy
of the company to maintain these services and ensure the
consumer an adequate supply permanently, even if subse-
quent appliance installations would render it necessary to

. lay an entirely new service in addition to the one already in

place.

The considerations affecting the size of pipe to be used
for services are, generally speaking, maximum demand, dis-
tance from main, and economy of maintenance. By taking
into account the number of outlets or gas-consuming appli-
ances, and assuming them to be all in use, the maximum de-
mand is easily computed. The length of service to be run
is known, and its size is readily determined by the use of
Cox’s gas flow computer, which is a circular slide rule, as it
were, which graphically solves Pole’s formula for the flow of
gas in pipes. But in this relation it will be found in the
great majority of cases a one-inch or even a three-quarter
pipe would meet all requirements regarding size for ordinary
dwellings, while the question of economy would dictate a
larger size. The prevailing practice is to lay no services
smaller than inch and a quarter. The small extra cost of
this size pipe over the smaller sizes is not a very large percent-
age of the total cost of the service, while it will provide for
a possible increase in the amount of gas required. Its
greater weight also adds considerably to the life of the ser-
vice and is not so susceptable to become ‘‘trapped’’ by con-
densation due to settlement. The pipe is coated with a coal
tar preparation before being laid.

The service is connected to the main by means of what
is termed a ‘‘street tee’”’ and ‘‘ell,” which, when connected,
forms a swing joint, thereby relieving the strain on the street
main in case of any movement. The service is connected by
drilling and tapping a hole in the upper side of the main in
which is inserted the street tee. A wood or rubber plug is
placed in the open end of the tee, thus shutting off the gas
from the service until the work is completed, when it is re-
moved and replaced with a screw plug. In making the hole
in the main the old method was to chip a hole in the pipe
with a cape or diamond pointed chisel, as close as the eye
could judge for size, after which it was reamed and tapped.
This method is not unknown to-day, but the practice must
be discouraged, for in case the hole is chipped too large, it
will not permit a full thread to be made when tapped, in
which event the hole is made a size larger, subjecting the
workman to the danger of being overcome by escaping gas,
not to mention the weakening of the main thereby. A very
ingenuous device which is in general use to-day drills and
taps the hole in one operation with little or no escape of gas.

The service is laid on solid earth with an incline to-
wards the main so that any condensation from the gas will
not be carried into the building. Anyone who has ever en-
countered the odor of this condensation in the house will ap-
preciate this precaution.
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House Piping.—This is a branch of the business over
which the company has little or no control, except in an ad-
visory capacity. The house piping is usually installed by a
steam-fitter or plumber while the building is in course of
erection, and is too often left to his discretion as to size, etc.
In the interests of economy, without regard for the duty they
are to perform, the pipes installed are usually too small, in
which event the gas company is condemned for not furnish-
ing an adequate supply when the whole trouble rests with
the house piping.

Various tables or rules are in use setting forth the mini-
mum sizes of house piping which should be used, based upon

the knowledge of the quantity of gas to be supplied, through

a given length of pipe, with an allowable drop in pressure of
1/10 inch for every 5o feet. The necessity of some regula-
tions relative to the size of house piping has been brought
home very forcibly through complaints of insufficient sup-
ply that the company is now co-operating with architects and
builders in this respect, in order that the consumer shall
have an ample supply for any additional requirements.

As the question of meters was discussed at a previous
meeting, I will not touch upon that branch of the business

here.
—e-—ao———

AN INTERESTING EXCAVATOR.

We present herewith two illustrations of a rather
interesting machine which is now engaged at the works of
the Tofield Coal Company, at Tofield, Alta. This machine
is capable of excavating at a high or low deépth from six to
nine meters, and giving an output of 1,100 cubic yards in
light dry soil.

It is worked on the continuous bucket system, and has a
bucket at every sixth link. These buckets work in a guided
ladder which is pivoted at the inner end to the body of the
machine, and suspended by wire ropes from steel jibs, and
can be raised or lowered as required. '

The chain of buckets is: worked by a hexagon tumbler
at the top of the machine, and the buckets empty into a
hopper as they pass over the tumbler on which is fitted a
cleaning knife to ensure the emptying of the buckets.

- The hopper guides the excavated material on to a belt
conveyer 26 meters long, which works at an inclination of 15
degrees.

The whole excavator is supported by springs on twelve
wheels running on a track consisting of three go-lb. rails.

The power is derived from a horizontal tubular boiler
and twin cylinder engine, and all the motions of the machine
are derived from this engine, and they consist of 'the follow-
ing movements: Travelling of the machine backwards or for-
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wards; lifting or lowering the bucket ladder; stopping y
starting of the buckets (all controlled by three Jevers WOF
by one man).

All these movements are got by an arrang®
toothed wheels and pinions, and fitted with friction C}'
to ensure no breaking of the teeth should the machin®
overloaded or the buckets meet any obstruction.

ment of

|

Fig. 2.

The method of working the machine is to level the e:rd-"
in front by the machine travelling backwards and 10 owaf:
over the higher parts until these are level with t.e . ched
then to set a cut by the machine of from five t0 six ! [aﬂ
depth, and travel the machine along the full length ‘;addof
and on completion of each cut to lower the b“.Cket.  the
another five or six inches for the return cut, keeP?
buckets working continuously. v B8

The machine is at present excavating beloV 1t5inew
On a sufficient opening being made to allow the mac 4 0
work in the excavation, the machine will be move
the coal. A strip of coal will be removed paral,l.e 310135'
cutting, broad enough to allow the railroad to be 13:1 ¢ ¥
side the cutting, and also sufficient space to deposi® the
cavated material from the end of the conveyer bey’
railroad. The machine will then excavate the oa ace dl?
the coal, and deposit beyond the railroad in the g
coal has been cleared from.

As the track of the machine is moved in €
bank (which will be about 12 feet at each move
the length of the horizontal piece at the bottom of t eaw
it will leave a strip of coal 12 feet broad to be take? y
the back of the machine, with a: railroad alongsid® HEgS
and as this strip of coal is removed, the. rail-trac
moved up to the coal face again, and by this m¢ A
coal can be loaded direct into the cars.

This machine is manufactured by the LubeC
and Manufacturing Company; and was supplie
Diidgeon, Limited,-of London; England, and is/iBet
type machine supplied with the ‘conveyer. '

5¢

Joser e

» _b .
this P
1o’
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COST COMPARISONS OF ELECTRIC AND Table 1.—2,50()-Pound$ Electric Truck.
HO a TRUCKS. . Cost of truck ..... [REREREPLRES 2,230.00

RSE-DRAWN TR Labor for charging batteries 8 46.44

th Interesﬁng figures are published in the April issue of Ch_arglng ---------------- I(;-50

e JOleral of the American Society of Mechanical Engineers ﬁﬁfher. Jars ................ llsgg
T€8ard to the findi i Ao tnto Hhe I R s e e gt 3

Hae: ¢ findings of an investiga : artl : os

rratlve Cost data of electrically equipped trucks and horse gat;:nesb L;;hr y renewed) 64 gb

gO:i,wn Vvehicles made by W. R. Metz, superintendent of the Rara?rn; TUSHEs . & 5 S i I g
€ramep, R L of ascer- ERIAT LS St oS s e ota 4o bk e atey il e 09.9
taining thet (;)ﬂi_ce, Washmgton, P.C.,hfor Pum;;i:n iy 1. operator at $2.48 per day birb s

With e esirability of replacing the horse; b Seion = 2 laborers at $1.92 per day
Dubligheg be‘;o“l’n.CLtOr trucks. An abstract 0 aarnt G TEE s Aare 1,201.02

In e ;

a 2’50;}1})8 Preliminary investigation figures were OI?tametdtohi Wotalgptine.cs oo bk $2,230.00 $2,240.84

Wasr:. - Clectric truck that had been in service 2 L ,

oDeShlflg.tOH naval gun factory for four years. The cost of gepRecEiono rtxer VR S

Tabl‘atxon and the saving accomplished were as given 1n Interest on investment at

sam.lae ! A s5-ton electric truck was in use there during tfhe R ek COlk e o 44.60
Period, 7 : he same as for BN e

the 9 - Its cost of operation was about the : g

40—m"s°°-lb' truck, except that it cost $1.10 for charging per el LoORE i $2,508.44

i ile radius gg compared with 75 cents for the smal'ler Total mileage per year....3,366

anddS' Its total cost of operation, including depreciation Gostsner mile’ s Lo Soiaty $o.745

hoy lIltel'est, was figured at $2,843.84. It displaced two two- This truck displaced 5 horses and carts

k8 Wagons, affecting a net saving annually of $2,460.92. costing as follows:

Tab]e ; . le-horse vehicles 5 carts by contract at $1.92 per day...... $3,004.80
NN 2 gives cost figures for the single-ho thic 5 laborers at $1.02 per day each ........ $3,004.80
and grge Company using horse-drawn wagons et trrla T

asolj Y 3 :

T Soline machines, By adding the items fo; ::ur- 93Ty ey Sk Es Crr g P B T A, Y $6,000.60
horse :Vnd hélrness, similar totals for two, three an il Tadimds 104
31,291.9:3'0115 are found to be $740.52, $1,016.23 Net saving of truck over horses per year ......... $3,501.16
COmII): T,able 3 are given the operating costs for the same Table 2.—Horse-Drawn Vehicles.

n}f S electric trucks. ; Investment—
Sectjo Uring the fiscal year 1910 the expenses of the Stilbzlge 1 hor.«?e ................................ $250.00
ang of the government printing office were $31,1{3-5 ’ F Tk TN L e o ST 2 K. 00,
toty] ;)se for the delivery section were $17,003:93: m?klng a Harnesal et i Sl oan bl i ol e e ] 30.00
Tableo $48,207.51. The figures were slightly higher 12 IQIZIL
5 ig 4 ¢ ®Mizes these 1910 costs, and from this table Table OBl Lt e Ve Sl S $405.00
walEonerlf"ed, showing the operating cost of one two-horse o A R el
T 5,000-1p, capacity. Depreciation— ;
tigg Binning i, November, 1911, electric trucks and Carg Horselat 2oper. Cemt: L« s s bine v $ 50.00
o Various capacities k;ave been installed, and most 0 Vehicle at 15 per cent. ...... SR, 18.75
TSes and thejr equipment have been sold- Tablfé 6 Harness at 15 percent ............. 4.50
hor S costg With the rcéseflt equipment. The rema}n}ng Interest on $405 at 6 per cent. ......... 24.30
‘tabsles are to be replaIZed afte(rl which the four remaining Ridite Bah
1ab°relrnen wil] probably b;: supplanted by two helpersnir;?lya (Iotaliai i st sl AU S B $ 97.55
> Cltecting a further reduction of $1,377:20 an ; Horse upkeep—
Ong fom thq monthly cost records the operating cost O Feed at 47.4 cents x 365 days.......... $173.01
0 e5:000.1b. electric t};uck is derived and shown in Table 7% Shoeing at 7.5 cents x 365 days....... 27.38

e ucly the cost O Veterinary at 1.1 cents 65 days...... .02
;h‘c s as :;23‘ f"P}FC;ls two twoélgorse 7v:ag9rn;é cinoal S8 x 365 day 4

4 N 1n Table 5, was $6,737-7%

u b R O I R o i 0y 3 T e A P A N L
! ae to the electric truck is therefore $4,204-39- e Total 204.41
e "

ﬁg.uresSed Upon the assumption, in the absence of mi i Vehicle expense at 43.4 cents per day....... $158.35

Wijgg for the horse-drawn wagons, that they average b Harness eXPEenSe .............. kAl e St ARD

e ,, o day—it being known that the electric . gi‘:i._. e T

Table and make twice as many trips:as the teams i iLotal ©it. sl e e i SRl e 162.85

ang : IS deriveq to show the comparative cos'fs per n:iothe y : i

three : Mile for operating the horse-drawn veh1cle§ an Total expense exclusive of labor and stable..... $464.81

Zes R
of electric trucks. " ¢ Operating Electric Commercial Vehicles.
Table gi—Expenso D 850-1,000 1,500-2,000  2,500-3,000 4,000 ’$7~,000

i I ) p $244.50 $306.30 $301.40 $422.04 $470.84

M::rest and depreciatiofazr: a;h};;e less batteries and tires) P 84.15 101.70 110.96 121.42

Tirg poical and electrical upkeep -+~ " 70-28 a0 LM EREs o5 o SR D RS

Batte €Dairs anq POTIEWALE s o s s b sm s SRS S SRUN .+ 130.50 175.36 210.34 271.54 312.84

Cun_ery TeDairs, cleaning and renewals -cocttt T i 30.20 40.00 60.00 51.50

BT s Tl W TR R s S A T
* 1 cent per kw. hr. ...+ $541.82 $603-31 $007.40  81,133.04 - 8140185

Total‘s,

........
........
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Table 4.—Cost Data for Horse-Drawn Vehicles for Year

Ending June 30, 1910.

Equipment—
23 Horses (average Der year) ............... $ 6,000.00
Harness, blankets, etc. ...ceoecceeeeanses 1,350.00
1 Five-ton truck (2-horse) .......c.cocccne. 425.00
7 Large delivery wagons (2-horse at $475
AV ET AR O T ool sl uratsiecty ol o s i e shVa e s aio 3,325.00
6 Single delivery wagons (1-horse at $275
AVETALE )i 10 sueterorslaioie ola mor s ire s w8 aiare sbiale ot - '1,650.00
3 Light mail wagons at $200 ............... 600.00
4 Depot wagons (carriages) at $300 ....... 1,200.00
2 Coupes, with pole and shafts, at $540..... 1,080.00
ity ry 0 e PRI e, O S~ St $16,530.00
Cost of operation of stable section—
Wages of foremen and stablemen ............ $10,113.50
Wages of drivers .........c.cveeeeoceeceones 12,666.21
203t S i S L e R S 00 2,400.00
Fead " it ol s s wasba v alomanariey symaties Snwm prag Gl 35172820
Sunppliestil LA nl MR B At S 959.62
Repairs to harness, wagons, €tC. ............ 626.86
SHOGTIE Lo ¢ s+ Sle atskore ot g ol = seiaidie s i alers aie esa' sl 906.60
Gas and eleCtriCityt .« i we s s se/s s.sis Vejaotsrasatare 268.50

Total cost of operation, maintenance and repair $31,113.58

Depreciation, horses 20 per cent., harness I5

per cent., wagons IO Per Cent. ........... 2,410.50
Interest on investment at 2 per cent, ........ 330.60
Total cost, including depreciation and in-
tereSt On INVEStMENt .......cozee00ee $33,854.68
Cost of operation of delivery section—
SalArIes ‘ADA" WABES ™ e 0% st o wiaaleiolslats s slee o olpis s $17,085.93
Material and supplies ......cecoeceeeenosceass 8.00
St ol o) A R T S S DR $17,003.93
Table 5.—Cost per Year of One 2-Horse 5,000-Lb. Wagon.
Wagon expense—
COStIOf HTUCK s e st ers s tioons = $ 425.00
Cost of maintenance and repair $ 31.75
Cleaning and washing ...... 66.76
PHbrirant s A S Pl 1.00
Depreciation, estimated at 10
DTl CENLY T 555w Fan's st 5 sinis 42.50
4 Mo | AR O SRS S $ 142.01
Horse expense—
Cost of two horses........... $ 615.00
Costeof feed vy tisei i iiiings $264.33
Cost of care (hostler) ...... 702.60
Cost of veterinary and office
O e oy s s o oo 250.10
Cost of medicime . 2. ... e 2y
Cost of shoeing " Tu. . :..uies 78.84
Cost of blankets, nets, etc... 12.22
Rental value of space (2
horses) (based on $2,400
for ‘22 hOTSEs) .-«.cs,ia. 218.00
Depreciation, estimated at 20
Per cent. ...ceccvcanonas 125.44
otalpr s il ool sitemiy $1,641.48
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Harness expense—

Cost of RATNESS o3 Fos deelsiehs s $ 123.00
Cost of maintenance ........ $ 7.68
Depreciation, estimated at 15
Per S cenb et O ] 18.45
SR
13
oy B Oy s g
Miscellaneous supplies .......... $ 10.00
IDTIVEES,  WaZEE™ s arelt it bistte 751.20
Helpers) WaZes o ssiostaeitetsts 751.20
Gas and ‘electricity ..« o o0, 23.34
Interest on investment at 2 per
({201 N e L e e T 23.50
DTN s ot m rets s st ot $1’559.24
Totalvoriginali ‘cost: s e $1,175.22
’ $3’368'86

Total expense for one year...

ow
Table 6.—Equipment and Number and Class of Men N

Employed.
Equipment—
TWO LT, 000-1b. fTUCKS \icisvieis o aimb sriaios $ 4,639.00
Twonzjoce-lbatrucks =, .. oo s s oud. o 5,408.78
Three 5,000-1b. trucks (two in use
duriygy Tullepear)ilte, Subimssc. 10,625-22
One 8,000-1b. truck (installed in
January S0 el v SR 5,500.00
One electrically driven carriage (in-
stalled in November) ......... 3,671.00
00
O Al O S 02 S ven s insra tiel mass tin $29’94:
Wages, L0200 i Al o Sl ] e e L $28277
uck:
Table 7.—Gost of Operating One 5,000-Lb. Eleotrio T"

Cost of truck and equipment (including
spare battery and parts) ............ $3,745-00
Maintenance and repPair .......c...00..n $
Depreciation at 10 per cent. .......coeeue
Interest on investment at 2 per cent. ....
Chauffeur’s wages at $2.40 per day......
Messenger’s wages at $2.40 per day ....

POt SOPLE I AL OB peiiter s e o xsasoreysadiiots $3,745-00

Total expense for one year .........

Table 8.—Costs of Electric Trucks and Two~

2-horse

wagon  5,000-lb. 2,000-1b-

5,000-1b. electric electric

capacity.  truck. truck.
Average trips per day. 4 8 8
Mileage per day, aver-

FEen st wrinial ds 12 24 20
Mileage per month

(loaded halfway). 312 624 520
Average load per trip,

1| oe A W S IO 4,000 5,500 2,500
Total load per month,

R (SR L e 16,000 44,000 20,09
Total cost per month.. $280.74 $2r1.11  $187.81
Gost per ‘mile [: . i, 0.809 0.338 0.361
Cost per mile (omitting

driver’s and helper’s E

WABEs) L i n st 0.499 0.138 o.12!
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MONTREAL AND ITS LOST OPPORTUNITIES.

Those of our readers who are at all acquainted with
Montreal will appreciate and realize how much to the
point is a criticism that Mr. T. H. Mawson, of the Uni-
versity of Liverpool, and who is an acknowledged inter-
national authority on the subject of Town Planning,
makes regarding the city’s lack of appreciation and mak-
ing the most of their opportunities for a beautiful city.
In his recent lecture in Montreal before the Greater Mont-
real Planning and Housing Association, his remarks as
regards any attempts that have been made to make the
most of its natural advantages were not by any means
very flattering. It is hardly to he expected, in fact, that
an observing man could fail to criticize,

Montreal’s streets for a city of its size are probably
the worst on the continent. While severe winter weather
no doubt makes it hard to maintain good roads, never-
theless neither the weather nor t.he engineers are to blame
for their absence, but Fhe Civic Administration itself.
It has always seemed impossible to pPersuade the ma-
jority of the aldermen of Montreal to take any kind of
a broad-minded view of affairs, or to have pride in the
construction and building up of a clean, well-built, beay-
tiful city. Instance of civic lack of appreciation of op-
portunities and future needs are numerous. One occurred
a few years ago in connection with the sale of some
property belonging to the Redpath estate. This estate
occupied part of the southern flank of the Montreal
Mountain and abutted on Mount Royal Park. The pur-
chase of it would have given the city, in addition to
acreage, a beautiful driveway and entrance to the park
from Sherbrooke Street, which had been long needed and
was considered extremely desirable. The land was offered
to the city at what those qualified to judge considered
a most reasonable figure, and had behind it, we believe,
a public-spirited consideration of the city’s good. After
a great deal of unnecessary delay and hesitancy and
opposition on the city’s part, the owners became dis-
gusted, withdrew their offer, and it was quickly sold
at a higher figure to real estate people, who have
since used it for building purposes. A more utter lack
of appreciation for the city park system and future good
of the absent than that exhibited in the above case could
hardly be found.

In his criticism of Montreal, Mr. Mawson stated
that he had been in the city many times, and had always
been struck with the magnificent opportunities which
have been lost. The city has been laid out on the most
unimaginative lines, and no cognizance whatever has
been taken of its natural contours. This great natural
amphitheatre overlooking the river offered opportunities
for one of the most magnificent cities in the world. There
were few sites which could compare with it.

On the subject of the streets and the steep grades
of same, a suggestion which Mr. Mawson made which
will appeal to all acquainted with the city’s layout was
that for the construction of a new and direct highway
between Victoria and Dominion Squares. Such a road
would do away with the steep traffic conditions encoun-
tered on such streets as Windsor, Bleury ‘and Beaver
Hall Hill. It is a subject which, now that the Canadian
Northern is busy on the planning and _construction of
terminals and stations across the immediate path of the
proposed road, should have been considered and.p.rovided
for in the general layout beforehand by the Civic Gov-
ernment. . 2

It is sincerely to be hoped that Montreal will shake
itself of the lethargy it has shown in the past as regards
the beautification of one of our finest cities.
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THE LIVINGSTONE CHANNEL.

The opening of navigation of the Great Lakes con-
tinues to bring into public prominence the Livingstone
Channel in the Detroit River. In last week’s issue we
spoke of it in connection with the work of the Interna-
tional Joint Commission, and their decision, re a pro-
posed new dyke for maintaining the depth of water up-
stream from it.

At the present time of writing word has just come
to hand of the grounding of a steamer in the channel
which seriously threatens any navigation - through it.
When we consider the enormous traffic through the
Detroit River, any threatened interruption naturally
affects shipping interests to a very marked extent and
the business public as well.

The Livingstone Channel was only formally opened
on October 19th of last fall, and apparently the con-
ditions are not yet ideal for traffic through it. Its con-
struction was authorized by the United States Congress
in 1907, and four and a half years were occupied in its
completion at a total cost of ten million dollars. The
channel was cut through practically solid rock for
more than six of its thirteen miles of length, and runs

in a direct line from above the head of Bois Blanc Island

to deep water in Lake Erie.

The preparatory work was begun in the spring
of 1908, when the contractors began erecting the coffer-
dam, which enclosed what is known as the dry-work
section, about a mile of the river bed near the upper end
of the rock cut. Actual channel digging was begun in
the fall of the same year.

Originally constructed with a width of 300 feet, the
dry section was completed in November, 1910, but was
later widened to 450 feet, and addition being completed
in December last, before the river was permitted to fill
the enclosed space. Below the dykes for about five miles
the channel has a width of 300 feet, while below that
point, where the material to be removed was earth, the
width is 8oo feet. In the dry section the channel has
a depth of 23 feet. Throughout the remainder of its
length the least depth is 22 feet.

— @ — -

PROPOSED FEDERAL LAW IN REGARD TO
THE POLLUTION OF NAVIGABLE STREAMS.

There has recently been appointed at Ottawa a
Commission comprised of eighteen members of Parlia-
ment for the purpose of enquiring into the pollution of
Canadian sources of water supply. The appointments are
the result of the introduction for a second reading of
Mr. Bradbury’s Bill to prevent pollution of streams as
above.

That the -Government should take means to be ad-
vised on the subject, and to frame legislation in con-
nection with same, is admittedly a most desirable step.
It has been brought out in the past on several occasions
that even the water of our Great Lakes, which ordinarily
one would not consider on account of their bulk to be
in any probable danger of general pollution for years to
come, contain considerable amounts of chlorine at far
distant points from sources of contamination. Analyses
show, for instance, that the amount of chlorine in the
west end of Lake Ontario has increased two and a half
times in thirty years, while in the easterly end the
amount of chlorine has doubled in twenty years. This
increase in chlorine indicates sewage pollution, which,
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: T N ow’
if not stopped or minimized, will in time render evel

Great Lakes unsafe for use as a public water SuPP ¥

Consider the official figures, which show that ¢
toll of death from typhoid in Canada is 35.5 P¢* I°°é i
of the population. In Germany it is only 7.6 aﬂh
England 11.2. Ottawa and Winnipeg are cities W
populations have suffered severely from epidemi® od
typhoid, due to the pollution of the Ottawa anc ien
Rivers, respectively. What they have gone throuife
other towns will have to combat with, unless step® e
taken immediately to fortify with federal aid the 5 i
times inadequate and careless attempts of local MU
palities to protect their water supply from d

contamination. )
ointioé

The ultimate aim of the Government in PP~ " e
the Commission is most admirable, but we cannot
that there is anything to be commended in their _wa}'on_
going about the work before them. The work 11 Cuch
nection with this Commission could ‘have beel map'
more efficiently and rapidly carried through by o of
pointment of a much smaller commission compOs®., ¢
competent engineers and medical health officers ,;‘:ﬂeﬂ'

than by an unwieldy body of non-engineering parrobabli
0

ang! ero“s

tarians, whose appointment leaves a very Ei 1§
opening for misunderstandings and mis-tranSIatloannot
engineering opinions and data given them. © e

see any possible excuse, if efficiency is desired formittc’
appointments. While this parliamentarian com 4 and
may wade through investigation to some benellCt 40
corrective legislation, they are, nevertheless, 0L" e
account of bulk of numbers and lack of training °°

subject, unwieldy, slow and unfitted for the WOLSHIES

It is time the Government was made to wake :gted
the fact that when reports and investigations are pre
on subjects relating to science, any ignoring © the e
fessions concerned is dangerous to them, politicauY' and
public should be made to understand the foolishne® pollf
unbusiness-like method of eighteen unscientific a° mattef
unqualified Parliamentarians enquiring into 2 i
which could be much better done by those acq! pler
with the engineering and scientific sides of the P
involved.

————

MONTREAL TRANSPORTATION PROBLEWl :

god
It begins to look as though Montreal would shortl

an exit from the tramways problem which has beel Ty o0
ing it so long. Two amnouncements have recel
made, either of which contains the elements of reli€®

s Comp®Y g

Recently the president of the Tramway
proached the city with a tentative proposal. Later 2 &eﬁni“
ence was held at which something in the naturé o 3,.ty. I
plan was placed before the representatives of the & bo‘b
this was outlined a scheme for the relief of Congesufor. i
immediate and future. Certain streets were asked ) o
the extension of the company’s lines. The pmgraﬂﬂ’ i
not unlike that proposed by Mr. Duncan McDonal b
Tramways president does mot.appear to have asked 2
unreasonable. His proposal called for practicallY oth
new line of any considerable extent, which line iy i P
a section of the city not now adequately served s0ct’
streets to which there could be no particular the‘i"’
Other proposals were such as have been approve ; gb‘
council, such as making the stops less frequent:, saﬂw
down town section it was proposed to use Victorlantin‘?‘
as a stopping point for certain cars instead © @
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::)Z:sthrough the congested district. Altogether the pr?-
More bsl‘:fimed of a reasonable nature, and umless t_here is
Woulgq 4ind them which has not yet been made public, ther;
2ot 10t seem to be any good reason why the city shoul
misedetet the company in the matter. President Robert ;)IO-
cmlstruo Put on a very much larger number of cars and to
Sent tth 2 roadbed of a superior character. Up to the pre-
Ve € Clty authorities do not appear to have given any

definite indications of how they regard the proposals.

Shomy after President Robert made his proposals to the

n;' ller details concerning the Canadian .Auto Bus Cox:s-
Orgamia PPeared. It may be recalled that this company w.n
€ o some time ago to carry on an auto bgs service 1
to tc;ty-'of MOntreal, The company made certain prOpovs:rl;
Consig Clty, in which the city was to be a holder of Z's i
ing €fable number of the shares of the fzompanyl,1 t 1ht y
the ¢ COmpany’s reward to the city, sO it was thoug’ i
Ce:ltle‘, for granting an exclusive franchise for telr:’leg:v o

e cityam Streets.  Objection to the arrangeme;ter i
and the company was offered by a num i

Zeng and. : : s
nd it it : : uestion is still
‘e Courts quite likely that the q

were

first, the names connected with the company i

o =

O;btth °%€ of well-known financiers, and a cer.tain amoun; e
taip, conc.erning the seriousness of the project was € i
s 1. Vithin the past week, however, an amnounceﬁ o
Of the g, 3¢ to the effect that Mr. H. S. Holt, Breie
McGibb ODtreal Light, Heat and Power Company; i Ao
Comp, D, Dresident of the Canadian C?nSOhdf“e Kk ake
anadiHY; F. L, Wanklyn, general executive assw.tan Y

tion 20 Pacific Railway; are all mentioned In €O
With the concern,
.© Capital of the company is $10,000,000, and hfh;
" &roup, together with the English group, ¥ 11%
& Iecome interested in the concern, have already SUbS(;lriCh

i’so.o’oo°- The concern has a Federal charter ¥
s 1t- to operate in any city in Canada. : sl
directoe Interesting features in connection With th[ehah::'e
beey Srate IS the mention of a number of names WhiC oy
deny of oken of 5 greatly opposed to projects of thenzrally
Ongigor, ¢ Montreal Tramways Company. ' It is S 7
Strongy. 0 ON the Street that the Auto Bus Company Siian
fl‘01'11 4 °Pposed to the Tramways Company. The fragc o
“ordip € City of Montreal dates from:last August, an e
"linute © the terms the company is obliged t0 glve_astead
% a SeTvice, [t has been stated, however, that 'm il
be .:e'!nimute service the concern will give 0n€ 'Wh;ChdZ:k
tiriey, ' 4° frequent. The cars will be of the SEE® S0

Canag

the dou:ln all steep grades, but it is not impo el
fap, .'® capacity will be from 28 to 38 pez;’n*; bl

is .
th.at a © ibsists that there shall be no strap
Ml o P3SSengers sha)l be provided with seats.
cohlpany Vg cents, straight, and transfers to all lines O

The fares
f the

ig), e ci he
1slan d anf;lty of Montreal has now spread clean acrcl)ISSt :he
Aty ) d extengs , long distance east and west SO tha

(v Sseg Wi rritory be-
g o Wil not be confined to a limited te tend per-

55 ac 213 ity to ex
mlsSlon k of ability on the part of the city t bt

stre § hi : vers
1 € fram h only co .
ts chise, of course, bussed il

¥ lto ey uto
Ynpi,. Sether it s expected that fifty 2 hureattar:

v “nt? Y action in the matter of the 3
oWy SE s fle effect of the establishment of ¢
! be sy St In the winter time the heating © o
clently accomplished through the SXBRERY

f the cars
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AN INTERESTING HYDRAULIC INVESTIGATION.

In the fall of 1912 an investigation of the power possi-
bilities for the town of Picton, Ontario, was made on the
Mountain Lake power site by Mr. H. G. Acres, hydraulic
engineer to the Hydro Electric Power Commission of On-
tario. The report of the investigation appears in the last re-
port of the Commission and is given herewith :

The Mountain Lake power site is owned by F. S. Wil-
son, Esq., of the J. C. Wilson Co., of Glenora, and hydraulic
power is produced for the purpose of operating a machine
shop, foundry and grist mill. The machine shop runs prac-
tically continuously six days a we.k, eleven hours a day, and
uses about 28 h.p., while the grist mill and a2 storehouse,
which use the greater amount of power, operate intermit-
tently, being frequently closed for a week or more at a time.

The gross operating head is between 165 and 170 feet,
the mean effective head being probably not less than 160

feet.

Mountain Lake, Approach Channel to Weir.

Although there is sufficient turbine capacity installed to
generate about 130 h.p. it is probable that 75 h.p. would
amply cover the average anmnual demand. On a basis of 66
hours a’ week operation the annual expendituie wr energy
would therefore, be about 257,400 h.p. hours. If this amount
of energy were expended uniformly and continuously over
the whole year of 365 days, it would be equivalent to about
30 h.p. continuous 24 hour power. With the turbine instal-
lation at present existing, this amount of power would be
produced by a continuous uniform outflow from the lake of
about 3 cu. ft. per second. Allowing 2z cu. ft. per second fcr
leakage, the total discharge required would, therefore, be
5 second feet.

Five second feet flowing for one year would deliver a
total volume of 157,680,000 cu. ft. of water. The area of the
lake with its tributary water-shed could be reasonably taken
at 6oo acres, and assuming 12 inches of precipitation avail-
able for power purposes, the total surface inflow into Mount-
ain Lake would amount to 26,136,000 cu. ft. per annum.
Subtracting this amount from the total quantity above speci-
fied as being delivered to the wheels, leaves a remainder of
131,544,000 cu. ft., which is, therefore, the annual volume of
delivery from underground sources. This volume of under-
ground supply is equivalent to continuous uuunurm tow of
4.2 cu. ft. per second, which, on the basis of the above as-
sumptions, would be the average volume of discharge from
the underground supply. : :

The above figures constitute practically all the informa-
tion that could be derived from the data in existence when
the investigation of the power site first came up for con-

sideration,
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Owing to the existence of a market for power in the
town of Picton, about 4 miles from the power site, it was
considered necessary to investigate conditions in greater de-
tail in order to ascertain definitely whether or not there ex-
isted in this power site a sufficient capacity to supply the re-
quirements of the town, and in this connection the first step
was to devise some means of accurately measuring the dis-
charge out of the lake.

The lake is located at the top of a precipitous hill on
the south shore of Picton Bay, the difference in level be-
tween the bay and the lake being ordinarily about 175 feet,
the shores of the two bodies of water being not more than
600 feet apart. The water is carried from the lake through
a small head gate and several hundred feet of riveted steel
pipe to which the various wheels are connected at the foot
of the hill. Owing to the leakage ift the pipe and the ab-
sence of data relating to the volume of discharge through
the wheels, it was necessary to use some other means of
measuring the discharge from the lake. It was found upon
examination that the only practical means of doing this was
to excavate a chanmel about 150 feet long from the lake into
the bed of a small brook, which was evidently at one time
the lake’s natural outlet. This channel was excavated 12
ft. wide and to an average depth of 2 ft., and at the head.of
it was placed a sharp crested weir having a clear width of
12.01 feet. With the weir so placed it was possible to get
the maximum head of 11} inches on the crest, which was
equivalent to a total discharge of about 37.6 cu. ft. per sec-
ond. Discharge readings were taken on this weir at inter-
vals of 15 minutes between 3.15 p.m. on Sept. 7th and 3.15
a.m. on Sept. 8, the work having been done on Sunday in
order that the mills could be closed down and the head gate
tightly closed. The readings taken over this 12 hour inter-
val showed a total volume of 1,450,202 cu. ft. and it was also
observed that during this 12 hour period the surface of the
lake had dropped 1.56 inches. This drop in water level indi-
cated that the measured outflow was composed of the under-
ground discharge plus a volume of water corresponding to a
drop in lake level of 1.56 inches.

During the course of the investigation an accurate stadia
survey was made of the lake, and the area was found to be
0,352,000 sq. ft., or about 215 acres, so that 1.56 inches
drawn off this area would mean a total volume of 1,215,760
cu. ft. which was discharged over the weir. As above men-
tioned, the discharge over the weir amounted to 1,450,202
cu. ft., so that the difference between these two totals,
which amounts to 234,442 cu. ft., is a measure of the volume
of supply from underground sources. This volume of flow
delivered for a period of 12 hours is equivalent to a continu-
ous discharge of about 5 cu. ft. per second, which is one of
the results which the experimemt was designed to supply.

At the conclusion of the above mentioned 12 hour period,
the discharge was entirely shut off and it was found that for
a subsequent 12 hour period the lake showed no tendency to
fill up, the gauge readings being practically the same at the
end of the second 1z hour period as at the beginning. In
this connection, it is to be noted that the supply from which
the lake was to be refilled had been ascertained to be 5 cu.
ft. per second. With this volume of inflow it would require
about 80.5 hours for the lake to fill to the original level,
which would be at the rate of slightly less than %-in. every
12 hours. The slow rate of refilling, therefore, accounts to
a certain extent for the absence of appreciable variation in
level during the second 12 hour period, but sufficient evi-
dence was obtained in any event to prove that the recupera-
tive capacity of the lake is very small.

From the above, therefore, it seems evident that while
the lake appears to be supplied by springs having a very
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: ity
large volume of discharge, the dependable power Ca‘;wi’
s

would not be more than 75 h.p., and that while the ,t.eed,
eminently suited to the purpose for which it is now util? t
it cannot be considered an adequate source Of power

general industrial purposes. be

It is, of course, possible that if the lake level could the
materially lowered a corresponding increase of flow fr°
springs could be anticipated. The lowering of the lake
would tend to reduce the power capacity through the 1 the
tion in head, and this would, to a certain extent, €i® sult
tendency to augment the poxvef capacity through the- :t‘”
of the increase in flow, so that there would be what - cap?
termed a critical head at which the maximum power
city would be realized. This critical head could, of P
only be ascertained by very expensive experim"nt"ll ,il
cedure. As an example of what the result might " e
might be assumed that by lowering the lake 20 feet theauld
charge from the springs might be tripled, so that thegs § 14
be a discharge of 15 sec. ft. operating under 2 he oweﬁ
feet. This would produce about 198 mechanical hors® * . ipe
It would seem, therefore, that under no conditions ™' i
site have sufficient power capacity to make it an attf
commercial proposition.

While the work preparatory to the experi
done the records were kept of variations of lake 1e.ve 5ho?
ing the first week of operations, when the mad_‘me o
only was running, the water level remained pract® ysh"p
stant, while during the second week when the maChIZ:oppﬁd
and grist mill were both running, the water leve j
about two inches, motwithstanding the fact that heaﬂ’ae.k o
occurred during that interval. During the second ¥ “ype
the observations, therefore, the power required in‘d'
mills absorbed about 1,500,000 cu. ft. from storag® thapf"
dition to the mormal inflow from the springs, plus 316’1'
cipitation during that interval. This affords addltlongfou‘d
dence of the small capacity of the source of und®*
supply.

ment was .
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TENSILE TESTS OF CONCRETE:
— Sl
A series of tests on concrete specimens measunﬂg, o
long by 6in. square has recently been made in the €
ing laboratory at Cornell University. i
The specimens were of three different m
first a 1:2:4 mixture containing limestone CTU® _e‘.l g si‘d',
a 1%-in. ring, the second a 1:2:4 mixture Conf‘“nm
stone, crushed to pass a 2%-in. ring, and the third aat of g
mixture containing crushed sandstone similar t0
second mixture. e
In six tests the 1:2:4 limestone concret® “ye bi‘lr
average tensile strength of 278lb. per square incth Slb- 9“
est being 308lb. per square inch, and the Jowest 2 !
square inch, hoWed.
In nine tests, the 1:2:4 sandstone concreteé Sthc h’g
average tensile strength of 150lb. per square inchs b "
est being 178lb. per square inch, 