
THE ENLARGEMENT OF THE ERIE CANAL. 
BY DAY .ALLEN WILLEY. 

The enlargement of the Erie Canal into the New 
York barge canal, as it is termed, will give an unusual 
opportunity to test the power and capacity of American 
excavating machinery, owing to the varied character 
of the work. It is unnecessary to say that the enlarge
ment is on such an elaborate scale that. the present 
canal will practically be reconstructed where it can 
be utilized, while a considerable mileage of the new 
waterway will be excavated over a different route. 

The portion of New York State through which the 
western division of the Erie passes is as different in 
topography from the eastern portion as the Culebra 
cut on the Panama Canal differs from the low, fiat 
country at its terminals. When the original channel 
was constructed, one of the most difficult engineering 
problems to overcome was the descent from the level 
of the Mohawk River to the level of the Hudson-a fall 
of over 120 feet. This was overcome by a series of 
sixteen locks, which will be replaced by three. each 
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extends over the levee or spoil bank, the lower end 
reaching beneath the arc described by the shovel arm. 
On the incline are tram cars, which are drawn along 
the rails by an endless cable passing around sheaves 
mounted at the extremities of the incline. The cable
way is operated by a stationary steam engine mounted 
on the lower part of the tipple. As fast as a car 
is filled by the shovel, it is pulled to the other end 
of the incline, where by means of a tripper it is auto
matically emptied, when it is returned to the excava· 
tion. The tipple may be provided with parallel tracks, 
so that an empty car can be run back and filled while 
a loaded car is hauled up to be dumped. The tipple 
is mounted on trucks, which in turn rest upon heavy 
rails. The engine can be utilized to move it along 
this track as the excavation progresses, the principle 
employed being the same as that utilized in the bridge 
tramway plants in service for unloading ore vessels on 
Lake Erie. 

A more elaborate design for removing and depositing 
the excavated material is about to be placed in service 
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a combination of exca\1'atbr and conveyor, and travels 
along a track on the bank beside the canal prism. The 
excavator consists of a series of heavy steel scoops 
passing around an arm of steel framework by means 
of an endless chain. This arm is composed of sections, 
so that it can be adjusted closely to the formation of 
the surface, while it can be lifted clear of the ground 
by a second arm, which is raised or lowered by chains. 
As the earth is taken from the ditch by the scoops, 
it is carried inward and dumped upon another con· 
veyor, which moves in the opposite direction and out 
upon another arm projecting from the other side of 
the machine. The end of the latter arm is held in 
position over the bank upon which the material is 
piled, as shown in the illustration. The capacity of 
the Lubecker at present in service is about 1,000 cubic 
yards in a day of ten hours. 

An idea of the enormous amount of excavation re
quired to complete the barge canal can be gained, when 
it is stated that although the distance covered by 
Contract No. 4 is but 4.83 miles, the material to be 

Embankment 'l'hrown Up by lUechanical Excavator. Excavation Par tly Uompleted on Eastern DiviSIon. 

Lubecker Exeavatina- .!\lachiue Used on the Eastern Division. Incline Tipple in Course of Construc tion. 

New Design of Elevated Tramway for Handling Material in Connection with Dredge. General View of Excavation, Showing Deep Cnt Near Rochester. 

having a lift of about 40 feet. Along the eastern divi
sion a very large amolWt of rock cutting will be neces· 
sitated, but on these contracts the steam shovel will 
also be essential, while much excavation through the 
swamp lands along the route will be performed by suc
tion and probably dipper dredges. 

Already some interesting machinery has been in
stalled, especially on Contract No.6 between Rochester 
and Buffalo and on Contract No.4 on the eastern divi
sion. Enough work has been thus far performed to 
give some conception of the great size of the excava
tion required. While western New York is compara
tively level when contrasted with the Mohawk Valley, 
the countty is rOlling in character, necessitating sev
eral deep cuts on the contract referred to. Up to the 
present the digging has been performed chiefiy by steam 
shovels equipped with toothed. bucket scoops holding 
from two to five cubic yards. For removing the mate
rial as it is taken from the prism, several methods 
have been employed. One of these on Contract No. 6 
Is an incline tipple. As the illustrations show, it con-
2ists or an elevated tramway, the upper end of which 
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on the work between Rochester and Buffalo. It is also 
utilized in connection with a powerful steam shovel, 
and includes an elevated tramway supported by towers 
also mounted upon movable trucks. Along the tram
way passes a single or a series of buckets, which are 
filled by being lowered under the arm of the shovel 
and its scoop emptied into them. The receptacles are 
then hoisted to the level of the tramway, hauled by 
trolley and cable to the levee or spoil bank, and low- . 
ered and emptied. By this method the deposit of the 
material can be better controlled, and if it is utilized 
in the foundation of the canal bank, the piling can be. 
done more accurately. With a conveyor of this type 
both banks of the canal can be built up simultaneously 
if it is constructed in the prism. Arms or aprons can' 
be projected from each end completely covering the 
area of the bank. The steam shovel can be installed 
on a track laid in the ditch between the towers of 
the tramway, and serve it equally as well as if placed 
at one end, as shown in the illustration. 

On Contract No. ·4, for working on soft material the 
I .. ubecker excavator has been placed in service. It is 

removed from it aggregates 2,228,000 cubic yards
enough to keep five steam shovels of 2,000 yards daily 
capacity employed for' over six months, estimating a 
working day at ten hours. As already stated, however, 
not a little of the worklt'as been in very hard founda
tion. West of Rochester cuts have been made through 
what appeared to be' solid rock strata. Much of this 
is soft enough to be taken out by the 'steam shovels 
without the use of explosives. 

But when one thinks what the canal will become 
wlien the task is completed, it may seem worth while. 
The fact is that the State. of New York will have the 
largest artificial waterway for navigation in the world 
with one exception, considering the length as well as 
breadth· and depth. It is unnecessary to say that many 
canals are brOader and deeper. but none equal the Erie, 
which is the main-section Of New York's canal system, 
in length. In '· considering the enlargement, two 
branches of the Erie are frequently overlooked, but the 
appropriation of $101,000,000 is intended to cover the 
cost of improving these as well. They comprise the 
Oswego Canal, 38 miles long, extending from Onoll-



daga Lake near Syracuse tQ Lake OntariQ at OswegQ; 
and the Champlain, 66 miles lQng, which furnishes a 
navigable waterway frQm the upper HudsQn near TrQy 
tQ Lake Champlain. Each may , be called a branch Qf 
the Erie fQr the reaSQn that bQats passing thrQugh the 
OswegQ Canal enter the main channel by way Qf OnQn
daga Lake, while bQats frQm Lake Champlain b Qund 
sQuthwardand westward enter, the Erie, near the SQuth
ern terminus, of the Champlain Canal. The val ue Qf 
these branches is indicated by the fact that they fur
nish the interiQr QfNew YQrk State its Qnly 'Yater 
connectiQn with Lake OntariQ and the St, Lawrence 
River; and are the means qfeQt;lsigerajJly �welling the 
traffic Qf the main canal, since they'alsQ give it a 'con-
nectiQn by water with Canada.· ,,' 

The main canal and, branches, wiJI: pt') .of unifQrm 
depth and breadth Qn the. 'bQttQrp.� � 'Y)e8f3ets,� drawing 
111,13 feet Qf water can -pass ,frOW:�� �p:(l to the '.other 
Qf the system, 'while the widih;8it,-th..e' ,bottQm will be 
at least 75 feet. Generally speall:ipg;this means that 
the main canal will .be:t')I).larg'ed' ;'to :;lPQut fQur times 
its present transPQrtatiQn' capacity; At present the 
depth ranges frQm 7 to 9, feet, a.Qollt qne-third Qf the 
waterway being of the latter depth, tQ which it was 
excavated by the expenditure Qf $9,000,000 apprQpri
ated fQr this purpQse in 1894. When the historic 
"Seneca Chief," the first boat to carry freight and 
passengers UPQn it, made the trip frQm BuffalQ tQ 
Albany, the canal was but 28 feet in width Qn the 
bQttQm, 70 feet Qn the surface, while its average depth 
was nQt Qver 4 feet. The dpmands Qf CQmmerce SQ 
crQwded it with traffic, that only ten years later the 

New YQrk legislature authQrized the enlargement 
which approximately represents the dimensiQns Qf the 
canal priQr to the enlargement Qf 1895-a wQrk which 
was nQt cQmpleted until 1862. 

The barge Qf the future, hQwever, will have a cargQ 
capacity Qf 33 1-3 times the Qriginal craft, 22 2-3 times 
the bQats Qf the periQd between 1830 and 1850, ten 
times thQse in service between 1850 and 1862, and foul' 
times as great as th'e average bQat in present use. 
What is perhaps mQre Significant, hQwever, is the 
extent Qf the cargQes which can be shipped at one time 
by a fieet Qf tQWS Qf the new bQats, The majQrity 
Qf the tQwing vessels are intended as cargQ carriers, 
but prQvided with engines sufficiently PQwerful tQ pull 
frQm tWQ tQ three boats in additiQn, mQving at a rate 
Qf frQm 4 to 6 miles an hQur. Thus frQm 12,000 tQ 
15,000 bushels Qf wheat can now be transPQrted frQm 
BuffalQ tQ New YQrk at a Single shipment if desired. 
The present plan will prQbably be fQllQwed in making 
up tQWS fQr convenience and eCQnQmy. This means 
that a single series Qf barges will carry enQugb grain 
to ·load an ocean steamship Qf 4,000 tQns capacity. 
Ai very large fleet Qf vessels Qf this kind is plying 
acrQSS the Atlantic in the sQ-called "tramp" service, fQr 
it has been demQnstrated that tbey can be CQnstructed 
and equipped with engines which make them among 
the mQst eCQnQmical freight carriers 'in the wQrld. 
A single barge of the new type will carry sufficient 
cargo tQ fill the hQld Qf many Qf the three-masted 
schQoners in the American cQasting trade, while a tQW 
Qf fQur WQuid be sufficient tQ load the largest square
rigged sailing vessel which plies Qut Qf New YQrk. 
If Qne Qf the newer transatlantic steamships, which 
have been especially designed fQr carrying freight, 
were tQ be charterell to take wheat, fQr instance, ex
clusively, a fiQtilla' Qf twenty-five of these canal boats 
w9uld be sufficient tQ complete her cargQ, or six tQWS, 
while tWQ Qr three barges WQuid carry enQugh grain 
tQ; fill the cargQ space which is devQted tQ this cereal 
Qn the Qrdinary Atlantic liner. 

!rhe cost Qf transPQrtatiQn Qf wheat Qn'the present 
canal averages 87 cents a tQn, or 1.9 mills per tQn per 
mile-a little less than a fifth of a cent. UpQn this 
and Qther statistics a calculatiQn has been made that 
when the prQPQsed imprQvement is cQmpleted, the 
maximum CQst Qf transPQrtation will be 26 cents a tQn, 
or 0.52 Qf a mill per tQn per mile. In other wQrds, 
the improvement will cut dQwn the CQst of transPQrta
tion tQ nearly 25' per cent Qf the average rate at pres
ent based Qn the tQn mile. CQntrasting this with the 
CQst Qf railrQad transPQrtation, an idea can be gained 
Qf the cQmpetitiQn whi'ch the enlarged waterway will 
offer land transPQrtatiQn rQutes. The reports of the 
principal railrQad lines running out Qf BuffalQ show 
that the average CQst Qf carrying wheat is abQut 6 mills 
per tQn per mile-three times as much as the present 
canal rate, and nearly twelve times as much as the 
rate Qn the enlarged canal. In Qther wQrds, Qne Qf 
tue newer canal barges would carry a cargQ equal to 
a train Qf fifty cars at the same CQst Qf hauling five 
with the lQcQmotive. 
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The J;laramQunt object in the culture Qf the grape in 
most parts of the wQrld has been the Qbtaining of 
wine. The extent of this will be surprising and hard
ly believed by thQse not acquainted with the statie
ti-cs. Thus, fQr instance, there are annually prQduced 
Qn the glQbe over 4,000,000,000 gallons of wine. Of 
this amQunt, the United States prQduces Qnly abQut 
50,000,000 gallons. 
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INDUSTRIAL ALCOHOL: HOW IT IS MADE AND HOW IT 
IS USED. 

(Continued from page 43.) 
estimated from the fact that there is cQnsumed in 
Germany annually fQr the manufacture Qf vinegar 
16,000,000 liters (4,224,000 gallQns) Qf alcQhQI. The 
Qldest applicatiQn is in cQoking. In the new alcQhQI 
cQQking lamps, some Qf which are regulatable, the alcQ-' 
hi'll is gaSified befQre burning. In SQme the Bunsen 
principle is used; the alcohQl befQre burning passing 
thrQugh a tube where it entrains with it the necessary, 
quantity Qf air. FQr cQQking purposes alcQhQl has 
great advantages; it is cleanly in applicatiQn and in-' 
stantly at disPQsal. There are alsQ alcohQl heating' 
stQVeS, but they are as yet tQQ dear tQ CQme infQ gen' 
eral use. FQr lighting; alcQhQl has Qnly recentiy 
been used. The first incandescent alcohQl lamp dates 
frQm 1895, but was nQt successful. The Auer lamp is 
better. It gives 60 tQ 62 candle-PQwer and burns per 
hQur about :13 quarts Qf alcQhQl, but has the disadvan
tage Qf requiring a permanent gasifying fiame. The 
Helft lamps dQ their gasifying withQut a special flame, 
and if kept clean and in gQQd cQnditiQn give nQ trQU
ble. The CQst of light is 30 per cent cheaper than with 
petrQleum. There is, hQwever, this QbjectiQn, that it 
takes 1 tQ llh minutes tQ get the flame gQing. Other 
excellent lamps adapted fQr the use Qf alcQhQl are in 
QperatiQn in Germany tQ·day, such as the PhQebus ,and 
the "BQgenlicht." 

The use Qf alcQhol fQr mQtQrs is recent. Experi
ments by PrQf. Ernst Meyer shQW that the alcQhQl 
mQtQr has a thermic efficiency Qf 39lh per cent, a result 
excelled only by the Diesel amQng mQtQrs using liquid 
fuel. The reaoon fQr this is that alcQhQl, cQntaining 
as it dQes 8 to 9 per cent Qf water, permits a high 
grade Qf compressiQn, withQut danger Qf premature 
ignitiQn. As alcQhQl is nQt so rich in carbQn as petro
leum and benzine, it burns mQre cleanly. PrQf. Meyer 
Qbtained frQm a mQtQr of 20 effective hQrse-PQwer a: 

cQnsumptiQn as lQW as 8.8 PQunds of 90 per cent alcQ
hi'll with full lQad. Per hQrse-PQwer per hQur this CQst 
is Qne cent; and the alcQhQl, giving only 5,600 heat 
units, was cQmpared with petrQleum, which gives 
1Q,000 tQ 11,000. An impQrtant advantage Qf alcohQl, 
which applies specially tQ its use in mQtQr carriages 
and in engines fQr Qperating creameries and small 
manufacturing plants in premises adjacent tQ dwell· 
ings, is its absQlute cleanliness and freedQm frQm the 
mephitic odQrs which render hydrQcarbQn engines SQ 
Qffensive tQ many people. 

The fQllQwing list Qf the industrial uses Qf alcQhQl 
in England must be regarded rather as indicative than 
cQmprehensive, since the spirit is now used in a very 
great variety Qf ways in the numerQUS industries: 
Artificial lubricants, furniture PQlish, finish, varnish, 
lacquers, enamels, cellulQid, zylQnite, gunpQwders, ani· 
line cQIQrs, dyeing and preparation of cQIQrs, disSQlv
ing resins fQr hat makers, cQllodiQn, gQldbeaters' skin, 
filling spirit levels, fiQating mariner'S CQmpass, extract
ing vegetable alkalQids, making vegetable extracts 
(dry), manufacture Qf transparent SQap, quick-drying 
paints, preserving Qbjects Qf natural histQry, chemical 
and anatQmical research, sulphuric ether, chlQral 
hydrate, chlQroform, fulminating PQwder, liniments Qf 
SQap, cQmpQund camphQr, aCQnite and belladQnna, 
hypersperm Qil, etc. 

FQr industrial purPQses, and tQ render alcQhQl im
PQssible Qf cQnsumptiQn as a beverage, the spirit may 
be either methylated Qr denaturized. Methylated 
means the addition of WQQd alcQhQl (methyl alcQhQl) 
tQ the spirit (ethyl alcQhQl). WQQd alcQhQl is a PQisQn
ous substance, and at the same time possesses an ex
tremely disagreeable taste, which renders it impQtable. 
The denaturizatiQn Qf alcQhQl Signifies the additiQn Qf 
such substances other than, or tQgether with, WQQd 
alcQhQl, which render the ethyl alcQhQl unfit fQr use 
as a drink. The fQllQwing are SQme German methQds 
Qf rendering alcQhQl impQtable: 

I. CQmplete denaturizatiQn is accQmplished by the 
additiQn tQ every 100 liters (equal to 26lh gallons) Qf 
spirits: 

(a) Two and Qne-half liters Qf the "standard de
naturizer," made Qf 4 parts Qf WQQd alcQhQl, 1 part of 
pyridin (a nitrQgenQus base Qbtained by distilHng bQne 
Qil Qr coal tar), with the addition Qf 50 grammes tQ 
each liter Qf Qil Qf lavender Qr rQsemary. 

(b) One and Qne-fQurth liters Qf the abQve "stan
dard" and 2 liters Qf benzQle with every 100 liters Qf. 
alcQhQI. 

Of alcQhQl thus cQmpletely denaturized there was 
used in Germany, during the campaign year 1903-4, 
931,406 hectQliters denaturized by process (a), as de
scribed abQve, and 52,764 hectQliters which had been 
denaturized by prQcess (b), This made a tQtal Qf 
26,()80,505 gallQns Qf whQlly denaturized spirits used 
during the year fQr heating, lighting, and variQus prQ
cesses Qf manufacture. 

II. IncQmplete denaturizatiQn-i.e., sufficient tQ pre
vent alcQhol frQm being drunk, but nQt tQ disqualify 
it frQm use fQr variQus spechtl purpQses, fQr which the 
whQlly denaturized spirits WQuid be unavailable-Is 
accQmplished by several methQds as follows, the quail-
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tity and-nature Qf each substance given being the pre
scribed dQse fQr each 100 liters (26lh gallQns) Qf 
spirits: 

(0) Five liters Qf WQQd alcQhQl Qr Qne-half liter 01. 
pyridin. 

(d) Twenty liters Qf sQlutiQn Qf shellac, cQntaining 
1 part gum tQ 2 parts alcQhQl Qf 90 per cent purity. 
AlcQhQl fQr the manufacture Qf cellulQid and pegamQid 
is denaturized. 

: (e) By the additiQn Qf 1 kilQgramme Qf camphQr or 
2 lite�s Qf.oil Qf turpe,ntine Qr Qne-half liter benzQle tQ 
each 100 liters Qf spirits. AlcOhQI tQ be used in the 
manufacture Qf ethers, aldehyde, Jlgarcin; white lead, 
brQmo-silver gelatins, phQtQgraphic papers and plates, 
electr?de plates, collQdiQn; salicylic acid and salts, ani
line chemistry, and a �Teat nU,mber Qf Qther purposes, 
is denaturized by the additiQn Qf-

(t) Ten liters sulphuric ether, Qr 1 liter Qf benzQle, 
or one-half liter Qil Qf turpentine, Qr 0.025 liter Qf ani
mal Qil. 

FQr the manufacture Qf varnishes and inks alcQhQI 
is denaturized by the additiQn Qf Qil Qf turpentine Qr 
animal Qil, and fQr the production Qf sQda SQaps by the 
additiQn Qf 1 kilQgramme Qf castQr Qil. AlCQhQl fQr 
the prQductiQn Qf lanQlin is prepared by adding 5 liters 
Qf benzine tQ each hectoliter of spirits. 

The whQle amQunt Qf incQmpletely denaturized alcQ
hi'll Qf the several grades abQve described which was 
CQnsumed in Germany last year was 385,946 hectQliters, 
equal tQ 10,227,569 gallQns. In additiQn tQ all the fQre
going, 21,779 hectoliters Qf alcQhQl were used duty free 
and withQut denaturizatiQn Qf any kind fQr govern
mental Qr public purpQses, such as hQspitals, gQvern
ment labQratQries, and fQr the manufacture Qf ful
minates and smQkeless PQwder. 

Testing the Size and Heat of High-Tension and 

LoU"-Tension Ignition Spark ... 

In a recently published article on ignitiQn systems 
fQr gasQline engines, that well-knQwn expert, Mr. 
Charles E. Duryea, gives the fQllQwing interesting test 
fQr shQwing the efficiency Qf the contact and jump 
spark. It is a fact that with the contact Qr make-and
break spark a much smaller lead is required with any 
engine than must be used if the engine is equipped 
with the jump spark. The reaSQn fQr this becQmes ap
parent after Qne has made the experiment described by 
Mr. Duryea. 

"Pass a strip of paper between the po1ntlF-of a jump 
spark plug and the paper will be perfQrated by the 
sparks, leaving a line Qf minute holes. TQ get the 
actual size Qf the spark in the cylinder the PQints 
shQuld be separated 14 inch Qr mQre, fQr it is well 
knQwn that the cQmpressed air is an insulatQr, and 
that engines which frequently miss Qn full charges 
will fire regularly when thrQttled, thus prQving that 
there is a larger and better spark when there is nQ 
cQmpressiQn. 

"TQ test the make-and-break spark in a similar man
ner, CQnnect Qne wire frQm such a system tQ a piece 
of sheet metal Qn which is placed a sheet Qf thin paper, 
preferably held abQut 1/32 inch abQve the metal. CQn
nect the Qther wire tQ a CQmmQn pin and push the 
latter thrQugh the paper. Then pull the pin away 
quickly. A large spark will fQllQw, burning a hQle 
thrQugh the paper, frequently � inch in diameter. 
CQmpare the area Qf this hQle with that of the minute 
perfQratiQn made by the jump spark, remembering that 
the make-and-break spark is alsQ lQnger, and it will 
be seen that the vQlume and heat Qf the make-and-break 
spark is much larger, Qn which aCCQunt it will fire a 
less perfect mixture." 

. ' .. . 

The {lurrent Supplelllent. 

The current SUPPLEMENT, No. 1594, cQntains an un
usual number Qf striking articles and papers. AmQng 
the mQre impQrtant ma y be mentiQned the splendid 
address Qf Mr. S. S. 'Wheeler Qn Engineering HQnQr. 
Mr. JQhn M. ThQmsQn's paper Qn the Chemistry of 
Artists' ColQrs in RelatiQn tQ ,their CQmpQsitiQn and 
Permanency is concluded. The last installment Qf Mr. 
Dugald' Clerk's paper Qn Internal-CQmbustiQn MQtQrs 
is likewise published. PrQbably few peQple ever stQP 
to think what a wQnderful Qrgan a bird's bill really is. 
Mr. B: S., BQwdish, in an instructive and pleasantly
written article, explaiils the variQus functiQns which 
the bills Qf diff�rent birds must perfQrm. A valveless 
all' pump is described- by the Berlin CQrrespondent Qf 
the SCIENTIFIC AMERICAN. Atmospheric electricity in 
trees is the subject Qf an exhaustive paper. 

• 'e . •  

The specific gravity Qf nQn-cQnducting materials is 
in many cases Qf vital impQrtance. FQr marine wQrk, 
especially, take, fQr instance, a steamer Qf the size .of 
the "TeutQnic," Qf the White Star Line, the difference 
in weight Qf the cQvering applied, which was of lQW 
specific gravity, effected a saving Qf Qver 100 tQns in 
weight. If the wQrk had been dQne with high specific 
gravity material, says Mr. Ashby W. Warner in a paper 
Qn "NQn-cQnducting Work;" read befQre the Cleveland 
Institute Qf Engineers, this steamer WQuid have carried 
Qver 100 tQns dead weight mQre than was necessary. 
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