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PREFACEL.

Tur following extracts from official documents will show
how these notes originated, and why they are now printed.

No. 11,445,
Dated, India Office, 3rd November, 1875.

To G. T. WALCH, Esq

I am directed by the Secretary of State for India to ac-
knowledge the receipt of your letter of the ¥5th ultimo,
and in roply to state that you have his Lordship’s authority
to visit at the public expense the works in the United States
and Canada, specified in your letter to the Officiating Secre-
tary to the Government of Madras of the-8th July last.

9. The terms and conditions upon which this privilege is
granted arc the same as those accorded to officers visiting
Engincering works in the United Kingdom, copies of which
are enclosed herewith. ' :

3. In regard to the dishursements authorized by this
letter, complete and detailed vouchers must be furnished for
all items excepting those for which vouchers cannot be pro-
cured, and in regard to these latter, statements in detail
must be submitted.

" (Signed) G. HAMILTON.

, v eam——

. MADRAS, 4th June, 1877.
o
Lt.-Col. J. MULLINS, R. E.,
Chief Engineer for Irrigation, and
Joint Secy- to Govt,, . W. Dy Irvigation Branch.
Sig,
(1). T have the honor to forward herewith my notes of a
visit to American and Canadian Canal and River Navigation



PREFACE,

Wo i
rks, undertaken in accordance with the authority granted

" No. 11445, doted 300 . in th‘e accompanying letter* from
vember, 1575, the Secretary of State for Indi
‘ ia.

with G, 0, No. 2961 UAt;:coSrdizg t)o the rules printed
s - 2,267, 15tk Septen
N o : ' [ er, 1873, an oflicer
musl:(ge;(is;tfe‘clﬂ I%ngmeermg works at the pub,lic exolzi:e'l*
st so folmI ndli. e‘pf?rt 0: Paper of Notes” to the Secrlet':;
a for “transmission to tt ‘

ment under which he is serving.” Tt seem\setf?rcxaltgovim_

e therefore

that being in Madras my proper course is to f
s to fo

notes to the Local Government throuch you

(2). = . ’

* Mo i
N m:slt) of:c 1the plafxs which accompany the notes were i
e ] y@e r1l<zlEngmeers connected with the various Wogrllzer;
» gentlemen whom I found uniformly courteous '18 d
s an

. v . .
n Hl()st C('-SBS even more Ol)h("‘l‘(l(" ﬂ,nd attehbl\
Ofﬁcldl or ])10fCS‘:IODaI C()llltegy dOIX)&nded

rward my

* *

e than mere

(3)- Ttrust that the

. ; 1e informatio . .

will prove of some interest and v;\fe(: ntained in the “ Notes”
I have the honor,

‘ &e.,
(Signed) GEORGET. WALCH, M(?B;.;zst C.E

Aot .
cting Deputy Chief Engineer for Irrigation

———

No. 3E W
No. 291-A , '

In tmns-feﬁrote by the Ch_wf Engineer for Irrigation
partmont. M ;m\% to tl’le Chief Enginecr, Public Work .D
accompm;imel;t allch s letter of the 4th instant a Sd N
ol W&lc}?: 1)\16 undersigned desires to say that Illxe llts
United States and C(?tes on Yvorks inspected by him in t)las
fecls sure thu't tth &I_ladz\, with the greatest interest, ay d }119
all officers of Ll ey will prove of great interest and « e

< ¢ department employed on b drc i value to

2. In reading of the e Ydraulic works,

ern. Continent, and moye e
the American riv

at VYater highways of the West-
e zpecmlly of the works by which
canalization op by the co:l3 teet'made o gnble W hether v
struction of canals rou i

; nd barriers,

PREFACE.

Godavery and its tributaries to navigation by means of
similar works has been abandoned, and to hope that some
day the advantages which the great extent of country,
which this river would serve, would reap from its improve-
ment will be deemed to warrant the no doubt considerable
outlay which would be required, an outlay however not, it
is believed, out of proportion to the mileage of cheap com-
munication which would be opened or to the cxtent of
country which would be benefited,

3. The undersigned hopes Mr. Walcl’s application to
be allowed in addition to the bill he bas submitted for ex-
penses and cost of drawings, the amount which he would
have been entitled to claim had he returned from Keokuk
on the Mississippi to England, instead of going thence to
San Francisco and Australia, will be considered fair and
reasonable. With this addition the cost of the tour will be
under a hundred guineas, and the information obtained will
certainly be of far greater value to the department to which
Mr. Walch belongs. :

4. Mr. Walch has, it is considered, fully justified the

special recommendation® made by

» G. 0, No. 2284, dated Government on which the Secre-
7th August, 1875.

tary of State was pleased to autho-

rize the tour to be undertaken.

(Signed) JOHN MULLINS, Colonel, R. E.,
Chief Engineer for Irrigation.

Forr ST. GEORGE, 22nd June, 18717.

No. 292. ORDER THEREON, 31st August, 1877, 665 W.

The Government have read Mr. Waleh's Notes with much
interest, and consider that it will be useful to place them in
the hands of those officers of the department who have been
or are likely to be, engaged on hydraulic works. Copies of
the notes will be printed at the Lawrence Asylum Press, and
the plans will be lithographed in the Lithographic Depart-
ment.

il



PREFACE.

The Governor in Council resolves to authorize, as a
and subject to the confirmation of the Secretary
of State, the disbursement to Mr. W_alch of the am()}mt of
his several claims, namely, his travelling espenses \Ylnle en-
f inspection, the cost of the drawings, and
hich would have been incurred by Mr.
m Keokuk to England in the

2

s

special case,

gaged on his tour ©
the passage fare W
Walch had he returned fro
usual course. , |
3. The Secretary of State and the Government of India
will be addressed. : )
(Here enter No. 665-A W, dated 31st August, 1877.)

(True Extract.)
(Signed) E. A. FOORD, Colonel, R.E,

Secretary to Government, P. W. D.

THE MORRIS CANAL.
Visited 29th April to Tth May, 1876.)

——o0r O 00—

TH1S canal was not included in the list* of works that I Introductory.

proposed to visit in America, but it was commended to my
notice after my arrival in New York on account of the
peculiar and successful way in which the steepness of the
country over which it runs has been dealt with, a difference
of level of 1,674 feet being overcome in its course of 102
miles, chiefly by “inclined planes” worked by hydraulic
power. It is also of interest from its having been one of the
earliest canals of any size in the United States, and its vicis-
situdes of fortune appearing to me to point some useful
lessons in canal construction and management, I have taken
some trouble in ascertaining and condensing the main facts
of its history from various scattered documents, and have
devoted more attention to it generally, than its present im-
portance might seem to warrant.

The date of the charter of the “ Morris Canal Company” General History

is December, 1824. Work was commenced in July, 1825, °
and the canal, as then designed, was finished in 1831 from
the Delaware river to the Passaic river at Newark. In 1836,
the canal was continued to the Hudson river at J ersey City,
which is really a suburb of New York. The canal, as then
constructed, had a bottom breadth of only 20 fect, and a
depth of 4 feet ; its locks were 75 feet x 9 feet, and the
largest boats which could navigate it did not exceed 18 tons.
It was soon found that, with such small dimensions, it could
not pay, and in 1841 the locks and planes were enlarged,
(locks to 95 x 11') the prism of the canal being, in 1845,
increased to 25 feet bottom width and 5 feet depth, which
enabled boats carrying 44 tons of cargo to be used. The
traffic and income immediately sprang up from, in 1845,

# Accompanying my letter 8.7.75, to Seey. to Govt. of Madras, P. W. D,
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MORRIS CANAL,

. 58,259 tons and 18,997 dollars to, in 1846, 109,595 t
z.md 51,212 dollars, and gradually increased) till tiled o
in 1860, 707,631 tons and 350,710 dollars. Tn that d (;vere,
following year the locks were lengthened to 10(3 fant 1the
i-n the chamber and inproved boats were construct ge .
ing from 70 to 80 tons of coal, and the traffic anil oy
further increased till they reached their culminatio 1566
when they were respectively 889,220 tons and 61(;1 3lfl o
1ar§. After this date the severe competition of )“?0 dol-
which had been constructed near the line of canal '\ld(;lwa'ys,
tapped the Pennsylvanian coal flelds, reduced (t;l Whm-h
and income of the canal to 707,572 tons and 391 542}6 d)c o
in 1870. In that year the canal was leased to ’th LOHfH‘S
Valley Railroad Company, with whose line it Wae ik
ing, and in their hands it now is.  In order to cox;;;; ]‘fe:{

rith

_ the requirements of the charter, the accounts of th 1
¢ cana,

are kept separate from those of the rai .
ation for its working is kept up, but ;ltwi':y(;vai?l(i:t? e
with no great favour and, excepting the « planes” y tl‘eate'd
fnachinery, the works bear an appearance of disre a_nd ﬂ,lelr
interests of the lessees (or really lessee as thepm.rl' fh-e
virtually controlled by one large capitalist) are ixmtjlway o
way, and the canal s probably to them onl ; tle il
some charge which they undertook in order t{) tmub_le-
command of the traftic of the country through Wi?chetﬁlr.e
eir

lines pass, and to secure the valuable ri
- , @ iver fronts
ing to the canal at Jersey City. tage belong.

Financia! His= The financial history of the Com i
pany is not a hap
Py one.

The original capital was 4,100,000 dollars in 41,000 shar

100 dotlars each, and nearly all this sum v;aq : ot
in the original construction and expenses ofl thxpended
When it became evident that the canal was toe cunal.
money could not be raised for enlarging it exo enall,
mortgaging the works, and this was done tobsome cace'[;t 1'by
in Holland. The payment of interest on the debf,pll)d 1'sts
fallen into arrears, the mortgage was foreclosed and thav‘ng
perty was, in 1844, sold by order of the law court ) I')l‘m_
purchasers were a company of the original Shars}; a he
who raised the funds necessary for thebpurchase . (:1 o
provement of the canal by an issue of 11,750 « amf o
shares” of 100 dollars each, and at the ’same f;rz: rrt(}}i

WORRIS CANAL

original 41,000 shares were ™ consolidated” into 10,250
shares of the same nominal vatue as before, the arrange-
ment being that all profit was to go to the “ preferred”
shaves till 10 per cent. per anhum Was paid on them, after
which only were the © consolidated” shaves to participate
in the profits. Tt was some ycurs hefore anything thus
beeame payable to the « consolidated” shaves. They did,
however, eventually receive Aividends which rose to 2}
per cent. in 1866, but from that fell off to nothing in 1869,
The canal was then Teased, as above stated, the terms being
payment of 10 per cent. per annum on the «preferred”
shares, and of 4 per cent. on the “consolidated” shares
and on some other bonds for small swns; the total annual
payment being 175,000 dollaxs.

The following statement gives the income of the canal
from all sources for cach year, from 1845 to 1870 and
1874 and 1875:—

Dollars.
TEUD e e eee e meeme e 18,997
1846 51,212
VAT e e e e e e 67,657
1548 65,631
TSIG wre o e e e 00,220
1550 08,224
TSBL e e e e e e e e 110,739
1352 140,202
LSBB ... e e mee e meee T 197,449
1861 215,431
LSD5D oo e e e e 272,125
U 313,026
TEGT oo e e e et 256,665
1858 275,01
UB5G o e e e e 305,637
S .. 850,710
1861 .o o e e T ... 291,846
O 303,151
1863 o e e e e e 374,601
ISBL oo e e e e e 590,393
1965  wve o e e e e e 600,584
1566 616,350
1867 cvr oo e wee e e T 419,652
1563 423,767
9B oo e e e e 431,215
1870 391,519
TETA wer oo e e e et 271,436
BSTH e wee e e e et e 270,216

Jiy
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MORRIS CANATL.

b - v, . . )
S o ine The Morris Capal conneets the river Delaware at Phii-

lipshinvg with‘the Hudson river at New York, and in doing
so evosses the Muscaneteony billy a spur of the Allechenies
where it is 760 foct abave Tow water of the Delawire nmi
914 feet above half-tide waterin the Hudson. The west-
ern end of the canal enters the Delaware at the town of
Phillipshurg, nearly opposite the mouth of the Lelioh river
and the town of Faston. For about a mile and-a::hulf thci
eanal is f()l:C()d by a steep rocky hill to keep elose to the
left hank of the Delaware, it then turng castward and ascends

(rising 760 feeb in 38 miles 3¢
g les) the Muscancteong valley, erogs-
ams that run wesi-

ing the water-parting hetween the stre

wards to the Delaware and those that run eastwards to the
Hudson, near the south end of lako Hopatcong.

summit level it descends (914 fe p
Rockaway tiver to the v
into and crosses that 1i

Frow its
‘ cb 1 53 miles) the valley of
alley of the Passaic river; it locks
- ver where tidal at Newark, and
a mile or 50 further on crosses the estuary of the ihc]'—
ensack river, whence it passes through salt marshes to &e:v
Jersey City, and there by a tidal lock drops into the Hud
son and havbor of New York. The direct distance Betwee -
the two termini of the canal is about 70 miles, whilst tln
length of the canal itsolf is 102 wmileg A Lot
being partly due to the general course re’quired m order to
cross the water-parting at its most favorable point, bug
chiefly to the way in which in the reaches betwe , h
planes a level contour has been closely foll(;wed‘ tl?'n' f‘e
added many miles of unnceessary sinuosities to ;hé ;Znnizls
of the canal. After passing lifts which sucoest the \D 'l;
and power to carry the canal with the di::ctness of valm
(;l}d ‘Romzm road, l'f,. 1s strange to find the channe! twisted as
is rr}el'e] ¥ to avoid banks and cuts which would not 1
been formidable. It was doubtless a consideration £ oot
whi(?h led to this, for timidity can hardly be a;cr'b (; e
Engincers who took a canal at all over such‘ all'e tOTtile
country through which the canal passes mav beme. Hm
deseribed as agricultural on the western I:md r}n‘u f; ro: g'l i
on the castern, slope of the water-shed, \\;I)ilst al;ri: ;l:;dul‘lr‘lg
:11110 St\\“}hlit it is Arich in mincrals, chiefly iron 01:3. A;‘:::
y e western portion of the canal, therefore, we find it passeb%
wough or close to onl y 4 towns, the largest (Washingtonj

the extra length

&1

MORRIS CANAL.

of which has not more than 2 500 inhabitants, whilst down
its eastern slope there arc 10 towns (exclusive of “ chr%y
City”), and of these, one (Newark) has 1_1pwards of 105,000
inhabitants, another (Patterson) has 34,000, and the (?tl1e1‘s
vary from 1,000 to 6,000. Many of these towns if not
actually called into existence by the canal, at all events
drew from it the material of their carly vigorous growth,
a growth which unfortunately was not forese.en whujn the
canal was constructed, and to keep pace ’\Vlt}l which no
attempt has for the last 30 years been made, railways hav;
ing of latc years absorbed the attention and money of copl-
talists.

At the western terminus the canal is dropped to the level Terminal works.
of the Delaware river by an « inclined plane” (‘No. “11
West,” 85 lift) some 150 feet distant from the r1ver,‘the
actual entrance to which is through a masonry stop-bridge
under which the water enters the lower, reach of the can.al
and stands against the ¢ plane” cxccpt.when excluded in
very high floods (said to rise upwards of 20 feet), or w'hen
the reach has to be laid dry for repairs.  The s‘top—bmdge
is a masonry arch of 22 feet span with platfon?n just above
flood level, through which there is an opening of 3 fe:et
wide, or it may be regarded as two arches Wltl-l a 3 feet in-
torval hetween them. A wooden groove 6 inches X 6
inches is built in® the masonry of each side wall, down
which, when it is wished to keep out water, are dropt
baulks 13 inches X 5% inches. At the ends of these b&u¥ks
are fixed wooden pegs to which, when they have to be lift-
ed, ropes arc attached, carried over pull‘eys on galloivs on
the platform, and hauled on by mules. _’lhe w.hole arrange-
ment and appliances are rough, but theu'.use is geldom re~
quired, and they never have to be worked in haste.
At Jersey City the terminal works cousist simply of a
tidal lock, which never has to deal with move than 5 feet
difference of level, and of two basins with timber and rubble
sides, and a timber jetty.
The works for overcoming differences of Ievc.l consist of Egggs%ig:;g}?-
93 locks of a total lift of 225 fect, and 23 « Inclined Planes” #%¢® :
of a total lift of 1,449 feet.
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MORRIS CANAL,

The 1
ocks do -
95 feot, o 100 fn(;t Ilnonb much attention. They arve from
ce : e
the Q’&té quoins r? o 1.ength, and 11 fect breadih hetween
upper gates ﬁ:. 1“m lifts vary from 8 to 12 fc(‘t’ The
ates are almos . ' b o Y
balance. boams Tinosb all ordinary closing leaves with
v e oY : !
leaves worked lb. lower oncs are all ordinary closing
ed sometimes by bal ary closing
by a jointed double-acti y balance beams and sometimes
: - . i N
and pinlon gearing f(- ion lover, 1)“51“3‘»1 forward by rack
chamb B g irom a starine over .
chambers ave filledd by cul sig ovel the tail bay. The
in some cases i y culverts from the head-bays issul
ases in tho side walls bel ad-bays issuing
alls beh - :
ind the gate quoins, and

in others under X
| er the Lift-wall. The inlct vents are closed by

cast iron-turni
-turning s
throush wicl g &hu'tters, The chanbers )
1 gh wickets in the lower eat paers are cmptu:d
0 WOrk aues. B .
work each lock, but hie get S Only on
gets assistance from

[ Statement.}

MORRIS CANAL.

The “ Inclined Planes” deserve more extended not

are works of an uncommon character and of great excellence

in their kind.  Their positions, lifts, and gradients axe shown

in the following Tist - —

ORI S ,_,,,,’_,_,ﬁ,ﬁ,d,,_,_,,,,_’_’__,’—____-—/,—*'";

to e
5% | 98 = | 3
B g 2 =
B a2 = a
a /a S g <)
R B T N I _
Miles. | Feet.
11 West] © 35 | 1in 12
10 4, 304 44 11— 10
9 ., 460 w01 —11
8 , | 632 g2t 1—11
7 » 14'82 73 ’ 1—10
6 » 1782 50 | 1 — 10
5 » 19-69 g4 | 1— 10
4 , | 3403 gp |1 —10
3 3485 55 | 1—11
2 3670 70 { 1—10
) 38-05 58 | 1— 10
691 | e Total lift of Planes on Western Slope:
1 East, 39908 50 | 1in 11
2 i \‘ 4’1‘3} \ gg | 1—10
3 n 41-80 1« 48 | 1— 20
4 \ 4525 \ 521 1—10
5 4700 1—10
6 52:24 1—12
T » 5869 1—11
s , | 6042 1—11
9 , | 6060 111
w0 . | 8448 §—12
1n o, | 8364 112

12, | 8972 1—10

Total lift of Flanes on Bastern Slope.

Grond Total Lift of Planes.

jco: they Indive

7

dPlanes



MORRIS CANAL,

ll e i el [(,‘ er l es l‘]l e
1 )OatS ar 14
d 0 d oV t SC p an S,

on rails on trucks running

by a M. .
, a wire rope wound
: ( on a drum driv
power obtained fr ' : et ater
4 om the po " re: e
plane.  The traciues whiél o nenehy of cunnl bove onch
A < 1 accompany this b )
the courte N pany this, and whic
: : ; , which
e« y of Mr. J. F. Randolph, Superintend "
anal, I was allowed to have mad m o ot of the
s Compng. de, from original plans in
‘ 7, give some i
< (O 0 * ’ > 0 ’
and details of a “double track plar f t};\; ain Toubures
. L4 ang. X
plancs have suc oo of the
planes ave such doulle tracks, over which t i
passed, one up and the other dow t e bauts can
oL ‘ . n, a ¢
e o et of s et » &t one and the same
| slines, as alread
generally fr . . ’ wready shown, ar
gen i‘ff om 1in10to1in 12, The rails ‘)L, 1 e
p: ag B « Als re ke i ¢
guage o 12 feet, on longitudinal sl i a0 &
g o I al sleepers bedded
S masonry walls, The tracl o boyon
the ends of the incline till they ( i proonged veyond
are there laid horizonta] f ely e e Do of caal e
. mizontud for a lene i .
brucks to stund ot o btlf suflicient for the cradle
A summit, therefore, the inclin

ation changes 1
] cs fl' Tl .
of the cu;e fom arising to a falling one, and )
of change is 320 feet, ) 1¢ radiug

T .
cradles”: these ay On the rails run the

¢ composed of
tw 0 p R Q Stronw H o .
Wwo portions, each 36 feet lono ¢ timber {rames in

hin St . =9 COH[)lcd tl
} %god) b),’ strong-hinged iron bars &110\(' 1e boatf? also are
\\f;zil passiog the plane summit.  Fagl ;’lnlg vertical play
0 3 . * acn o X
di‘unl:tecrr a(;Ue 15 carried on a truck Witht 12 t“’f)‘portmm
play and Ooosllile-ﬂanged' chilled-iron wheels ‘I;j‘:/}ls Ef . 307
by mea governed by powerful brakes which 71 5 m.ch
ans of levers at top of the cxadlo fram can e applied
e.

Al
Curved « saddles,”

or « o
wheels also bolsters,

allow a certain amoultb?tween each pair of
it of vertic ;

1cal adjustm

stment

of the sys i

o intf) :ﬁrer;szlllix;] ‘I?assu‘)‘g over the summit. The 1,

o o e tmél,:s o.r cars” as they stand on t 1‘)3‘t3

o of th K8, are made fast to gt e

o s as they leave the water
s on which they rest whilst I)as;i

floating out wl
traction rope, \;elzlicflhi? ;euc.h the end of the tracks. The
supported on erooved ;) wire and usually 23" diameter ic;
of rails, and :t the 0:21)0013 and Tollers between the lir,xe;
sheave wheels of layg 19 of the incline passes round guid;;
house, where jtg ¢ - ¢ diameter and is taken to the engi
wo ends are fastened to a spiral-o o
~grooved

-

anchions in theip
settle dowun on their
Bg over the incline,

MORRIS CANAL.

winding drum, so that as one winds the other unwinds; the
divcetion of revolution of the drum can, by the usnal mecha-
nical arrangements, be reversed at will.  Some further par-
ticulars about the ropes used are givenasan Appendix (No. 1)
to these notes in a letter from Mr. H. Talcott, formerly Chief
Engineer of the canal, copy of which was kindly obtained
for me by Mr. L. Ward, to whom, as well as to his brother
Mr. J. F. Ward, T am indebted for much kind attention.

The winding drum is worked by machinery driven by a
turbine in a well near one side of the incline, and so far
down it as may be necessary to obtain the required fall for
the water, which is led from the upper pool through a wooden
fume. The machinery is situated over the turbine and is
driven by a vertical shaft from it, the whole being covered
by an “operating house” raised to such a level and so arrang-
ed that the “plane tender” can from it see the upper pool and
the whole of the plane, and, according to signals made by the
brakesman who accompanies each boat whilst passing over
the planc, he staxts, stops, reverscs, and otherwise controls

the machinery by the movement of levers.

Vhere the slope of the country is very rapid, these planes
take the place of flights of locks with the advantages of (1)
cheapness in cost of construction and working, (2) some
cconomy of water, (3) very great economy of time.

"The actual cost of the construction of all the planes on the
Morris Canal has been —

e ————————

Number . : Average
Class. of each COI}CC: e Col?_e ‘ctlve cosb per Remarks.
clags. cost. rise. foot rise.
| — [ S l ———
Dollars. Feet. Dollars.
Single »..... 20 577,974 1,229 470 Say £ 93 per
Double...... 3 101,128 ‘ 220 460 foot-lift.
o —

e

The cost of the double track plane « No. 12 East” (in-
cluded in table above) at Newark, constructed in 1833, the
vertical lift of which is 70 feet, was everything complete,
33,800 dollars, or say £97 per foot-lift. This 1s one of the
fect of the planes on the canal and runs through

most per
ark with level crossings at streets.

the town of New

.
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The monthly cost of working these planes is—
Single track plone—
One Plane Tender ... I venns dollars 37
Brakesman e " 31

Total Single Plone... ,, 71

Dowble track plune—
Samne as single track plane + onc
Brakesman = ..., e dollars 105

The monthly cost of working a lock is-—

one Lock Tender .....,........ . » 31

As the average rise of the plaues is cqual to that of 8
locks, the saving a month in favor of the single track
places is 177 dollars, and in favor of the double track planes
143 dollars.  'The cost of wear and tear of mackinery, &c.,
connected with the planes may be taken as quite balanced
by what that would be of the gates, valves, &c, for as
many loeks as would be required to give the same lift,

The saving of water is nob easy to arrive ab. It is vari-
ously estimated at from 14 to 33 per cent. of the quantity
vequired for actual working of locks, whilst the leakage
always going on in eonncction with those works s entirely
saved.

The saving of time can be more certainly determined.
The average time occupicd in passing a lock is 9 minutes,
that in passing a plane may be taken as § minutes. I found
from actual timing at plane 2 west, (vertical lift 70 feet,
grade 1 in 10), that it was there only 5 minutes, and- 8
minutes is certainly rather over than under the average, but
taking the Jatter time, the result is that on each trip over
the canal 21 hours are saved by the usc of the plancs instead

of locks—thus,
23 Planes (1,449’ 1ift) at 8 minutes each = 184 minutes.
1,449 feet [1ift would require say 160
locks, at 9 minutes oo =1440

Suving minutes... 1,256

This saving is only that due to difference of time occupi-
ed in actually passing over or through the two different

MORRIS CANAL.

kinds of works, and does not take into account the extra de-
lays that occur when boats travelling opposite ways arrive
together at flights of locks, or the retardation duc to the
average speed not being acquired in the short reaches
unavoidable in a steep country when “ flights” are not used.
Nor does it take into account the saving of time due to the
fact that, as T saw, it is generally so managed that alter
passing a plane a boat leaves the cradle with a communicat-
ed velocity of something like 2 miles an hour instead of
being almost without way as she leaves a lock. TProbably
the time occupied by a boat in passing over the Morris
Canal is less by 24 hours or 16 per cent. (taking average
Iength of trip at present as 5 days) than it would be if
locks existed where there are now plancs.

The Delaware (about 600" wide) is crossed by a flying Crossirg Rivers
y & Hying
and Drainage.

ferry worked by the current of the river itself. Across the

river, at some 20" above its surface, is suspended a 117 wire
rope on which travel 2 grooved wheels kept 15" apart by a
stretcher.  From the tail picce of the axle-bearer of each of
these wheels, a rope passes through guide sheaves on her side
to a windlass in the ferry boat, and are so wound on the drum
that as one is slacked off the other is tightened, and wvice
versé.  The ferry boat is a “flat,” 50’ long by 10’ beam,
which has on its up-stream side two “leeboards” 8 long each,”
raised or lowered by rack and pinion gearing, and when the
current is weak these boards are lowered below the bottom
of the flat to present more surface to the action of the stream.
When one rope is slackencd off and the other tightened the
boat travels across the river towards the bank to which the
tightened rope is nearest. No rudder is required. Speed
can ke lessened by equalizing, and direction of travel revers-
ed, by altering the strain on the ropes. Boats with 70 tons
of coals are easily brought across the river by this flat, lashed

“to her down-stream side. The whole apparatus is simple,

not likely to get out of order, and is casily worked by one
man. I have seen somewhat similar arrangements in Europe,
but never in India, and I think it well worth introducing
on some of our Madras river and canal ferrics, where there
is sufficient current, and navigation does not necessitate the -

swinging of the over-head rope at an inconvenient height.
C

11
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MOLRMIN CANAYL,

For the first 30 miles from Lo Delaw

are river the generat
iine of the canal

is voushly pavallel with the main dininage,
evossed being hut few
taken under the caunl througl
Between 30 and

and the streams and very small, are
vordinary masonry eulverts.
34 wiles (from Delaware river) the Musca-
, the main drainage of the valley up whieh the
vises, is twice crossed Ly damming s

neteong canal

1 Jo(:kingiuto the pools
so formed. Between this and the descent down the castern

slope, such small streams as are met, with (most of the drain-
age that wsed to flow across the line of ¢
level is stored in the reservoirs to he
taken into the canal.  On the
the fivst hoportant stream that is crossed, the Rockaway
(B3 dles from Delawars viver) is dammed and the pool,
locked into, and the same viver Is dealt with in the same
way again 9 wiles further on, At 67 miles the Pompton
river is erossed by alone wooden aqueduct. At 71 miloy
{from Delawnre viver) the Passaic river is crossed hy the
ouly masonry aqueduct of Ay size ou the canal.
central aveh of 85 {eet span
is about 80 feet alove

anal near its summit
heveafter noticed) are
way down the eastern slope

It has a
and two smaller side ones,
the bed of the viver, The rest of the
streams Letween this and the Passaic

ab Newark (93 miles

from  Delaware river) are crossed by culverts and small
aquednets of stone and timbher, Just beyond Newark the
Passaie, wheve tidal, islocked into and boats are towed 401088
it from a road bridue over that river. A mile further on, the
tidal estwary of the Hackensaclk river is crossed in o similar
ray. Finally the Hudson from Jersey City to New York
15 erossed, when necessary, by the aid of steam tugs,

and

The bridges over the canal ave
of 200 1t is said,
heard of, wer

Very numerous, upwardg
They we all, or at least all I saw or
& wooden king-post tru
rally of wive rope) from 40’ o 50
wide,  Their standard headway is 10', and they have
path under one end.  The tow path abutment ig generally
of “dry” stone, the other onoe of rough rubble in mortar.
The obligation to keep up many of these bridges has been
got xid of by paying fump suws to the Darties interested in
them, and the resulg appears o be that the owners of such
property do mot keep it in anything like the good order

sses (the tie very gene-
pan and from 12’ to 16

a tow

. side.

MORMS CANALL
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Dy I'; of a rack Letween the side framing of a
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WiShC'd‘ Dr'&WIlng; ?z‘m{v(o:iin(}g aCC;nll)zllly this (Appendix
e met'm ( 1 ‘~m whin in Washington from th'e
ot I' Obt;u>n‘2d t'lflLlis excavator cuts out very .hm'd smll
P&ten't e ]‘u with case. The stcam n.uwhlncry for
ot the ghis eanal is placed on a
ach of these dredges on

working ¢ thot it may be takeninto the plane cars,
10, ay e

flat which, in order 1 is therefore too ©crank” to admit
' ¢” beam and 18 ithes
is only 10" 6" be: e ch to eithe
s yﬂ tine, of the.crane being swung nue s two
when floating, - thercfore, there are ab her ends
To steady her, th (“’ d¥") which by rack and
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Rescrvoirs.

MORRIS CANAL.

breadth of the dredge flat. In ordinarily firm soil these
g b
dredges take out between 200 and 300 cubie yards o day.
> Y .
To work them they have an Engineer, on 75 dollars & month
with a comfortable dwelling-hoat, and five men (one of whom
is cook to the party) on 1 dollar a day each, with quarters
on the dredge tlat.  The consumption of conl is said to be

1 ton a day.

The reservoirs from which the canal is fud are five in
number, viz, :—(1) “ Cranberry Pond,” (2) “ Bare Swamp
Reservoir,” (8) “ Lake Hopateong,” (4) “ Stanhope Reser-
voir,” (5) “CGreenwood Reservoir.”  Of these, T visited the
first named four,

(1) “CraxBERRY POND” is situated some 3 miles north
of the canal. Its waterspread when full is 830 acres, its
storage capacity about 111,000,000 cubic feet, and its drain-
age area is 1,162 acres.  The embankment which impounds
the water I found, from stepping, to be 800 yavds in Iength,
nowhere more than 16" high and for at least one-third

“of its length under 12 high, with water-slope covered

by loose stoue pitching, The “Bye-wash” is a length of
about 60" of natural surface of ground protected by stone
pitching, which is retained in position by sheet piling of
small depth.  The water used to be drawn out of this reser-
voir through a wooden tube running through the earthen
embankment, but a breach having occurred at the place an
iron pipe 12”7 diameter was substituted. This is some ¥
below full water surface. It is closed by a wooden shutter,
working down masonry groove walls, at the inner toc of the
bank ; the spicr of the shutter is of wood with holes in it
snd is lifted by a crowbar (in the same way as our old
Maduvas sluice shutters) from a wooden foot-bridge.  The
pipe discharges into the natural rocky bed of a stream (the
“ Dragon brook”) which used to drain the basin of the re-
servoir, and by it and the Schwartzwald stream the water
passes to the pool of the Musecancteong river, where it is
dammed and crossed by the eanal at “ Waterloo” just below
“ Planc 4 west”; of course as long as any water is passing
over this river-dam no water is let out of the reservoir

under notice.

MORRIS CANAL.

(2.) “ Barr Swamp Reservoir.”—This is situated high
up in a peculiar depression near the summit of the hills
amongst which it lies, about 7 miles north of the canal.  Its
waterspread when full is between 70 and 89 acres, 1ts drain-

- age area 477 acres, and its storage eapacity about 25,000,000

cubic feet.  Its embankment is in two portions, separated
by a narrow spur of a hill, oue portion 80 yards (by
stepping) long, averaging not more than 6 high, and.the
other only 25 yards long across the gorge of the old stream,
with a maximum of 12" high. The “ Bye-wash” is a length of
about 40" of natuval surface of ground. The water is drawn
out of this reservoir through a wooden tube 2 2” x 1’ 8,
passing through the bank at about 10" below full water
surface and closed at toe of water slope by a paddle work-
ing in a wooden frame. The wood of the tube is much
decayed! The water discharges into the natural bed of the
old stream, cascades down the rocky side of the hill, and
then runs to the “ Muscaneteong” river and is “ picked up”
in the same way as that from “ Cranberry” rescrvoir, It
is only in exceptionally dry scasons that water has to be

drawn out of this reservoir.

(3.) “ Lake Horarcong.”—This is situated about a quar-

ter of a mile north of the summit reach of the canal. Itsv

waterspread when full is 2,800 acres and its drainage area
27 square miles. It is a natural lake, the surface of which
has been raised 13' or thereabouts by an embankment in
two portions, one 50 yards long averaging about 6 high, and
the other 100 yards long with a maximum of 13" high. In
the latter is an opening 15" wide with masonry side walls
and closed by “ guard gates” in which, at different levels, are
12 wickets (6 in each leaf) the sizes of which I could nqt
ascertain, but believe to be about 3 square feet each. At the
back of these gates is a large basin from which a lock of
the standard dimensions leads to the *feeder”, an arti-
ficial navigable channel of the same section as the canal
proper, which it joins about midway along its summit reach.
The sills of the “guard gates” and lock gates are at the same
level as the bed of the canal which is 18" below full water
level of the lake, so that boats can pass to and from the lake,
from the shores of which iron ore and firewood are taken in
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considerable quantities ; the hoats are towed on the lake by
a steam tug.  Along the back of one chamiher wall of this
lock runs a masonry channel 8 wide elosed at its upper end,
nearly opposite upper gates of lock, by wooden gates work-
ing in wooden frames. At about irds along the channel is
a wall which blocks it, in which is a vent, closed by a
shutter worked above Dy rack and pinion gearing, through
which the water passes along a continuation of the masonvy
channel and through the return of the tail-Lay wall into
the “ feeder” and so to the snimmit reach of the eanal whenee
it is passed as required to the castern slope of the canal,
none of it being sent to the western slope except what is
used in working “ Plane No. 1 West.,”  In thie outer wall of
the masonry channel along the lock side and just above the
block wall are two vents closed by shatters worked in the
same way as onc above noticed, through which water is
Iet out as desired into a mpatural channel and by it to
“Stanhope Reservoir™ (to be next noticed), and so to feed
the western slope of canal, or to surplus.

The waterspread of the lake when drawn off to level of
full water in canal, or 13" below full water of lake, is 1,500
acres and the mean area of the prism is said to be 2,050
acres, which gives as the storage eapacity 2,050 x 43,560
X 13 = 1,160,874,000 cubic fect. The rawmfall from 1846
to 1869 inclusive, averaged 42:55 inches a year, the small-
est yearly quantity being, in 1866, 30-06 inches and the
largest in 1850, 54G1 inches. It is least in the winter and
most in the summer season, the average for the scasons
during the years 1846 to 1869 inclusive, l»cing—-‘

Winter—Decewber, January February ... 8260 inches.
Spring—DMaych, April, May L10:932
Summer—-June, July, August L9260
Autumn—Septewber, October, November L1424

There is no surplus weir or hye-wash to this reservoir, all
surplus having to be passed through the wickets in the
guard gate and so by the lock and channel along it to the
canal from which it is discharged by surplus sluices into a
natural stream which flows into the Muscanetcong river.
As above stated, I was unable to get the size of or levels of
the wickets (12) in the guard gates through which alone

MORRTS CANAL.

whe.surplus has to be passed, Dut taking the size to be 4
synare foet each, and § helieve it to be less than this, the
discharae through them with a head of 117 would not exceed
SO0 cubie feet a second,  This would doubtless be perilously
small were not the area of the reservoir so large as compared
with its eatehiment basin (it conld absorhb 17 off the whole of
its drainage avea with the rise of about 6”). T gathered in
conversation with the Superiutendent in charge of the see-
tion of eanal to which this reservoir is attached, that though
the surplus arrangements have proved suflicient, they have
sometimes barely proved so, and when there is an appear-
ance of heavy rain he does not like to keep the lake up to
its full level. Tt seems a pity not to provide this noble re-
servoir with a safety-valve in the shape of a bye-wash, which
might be done at 2 small expense.

(+) «Srannore Ruservorr.” This lies along the canal
which passes throngh it just below Plane No. 1 West. Tt
is a shallow lake of 90 acres veceiving the drainage divect
from 5,000 acres and into it comes from the Hopateong lake
the water Tet out of it for feeding the western slope of the
canal as above noticed, and also the surplus from that lake.
It is relieved at its western end by a surplus sluice close to
a “ouard Jock” where the canal rues into double banks, the
water passing through that sluice and by natural channels
to the pool of the Muscanetcong below * Plane 4,” noticed
in description of “ Cranberry Pond.”

(5.) “Grerywoop LAKE.” Situated some 15 miles north
of Canal. Waterspread 2,700 acres. Drainage avea 32 square
miles.  Level 630 above § tide. 10 feet in depth available
for canal supply ; that depth being drawn off is said to reduce
the arca of the rescrvoir by 200 acres.  Water let out to the
Pompton river and from it taken by a feeder between three
and four miles long to the canal.

Tt does not appear that the projectors of the canal count- Traffe.

ed on much more traflic than that due to the agricultural
and mineral products of the country through which it
passes and of “lumber” (sawn timber) coming down the
Delaware, but as the extensive coal mines of the Lehigh
valley in Pennsylvania were developed, coals from them
came in Increasing quantities down the Lehigh river and

1
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canal to the Delaware river, and then naturally such as

were for New York found their way along the Momis

canal instead of by the much longer route of the Delaware

viver, Delaware bay, and the sea, which route also necessi-

tated transhipment from the canal and river boats to coast-

ing vessels. This Penusylvanian coal therefore soon became

the chief commodity carried on the canal, and its yearly

quantity inereased vapidly till the completion of through

cowmunication by railroad between the coal ficlds and New

York harbor; since then it has gradually deserted the canal
till it is now only about 3ths of what it was in 1866.
1t might scem at first sight that in this kind of carriage
a canal ought to hold its own agaiust railways, and doubt-
less this canal would have done so better than it hags, had it
been much larger admitting of the use of boats of greater
tonnage, had it been provided with greater facilitics for
tracking such as good tow-paths on both sides instead
of an often obstructed one, on one side only, and had it not
been closed by ice for about a third of the year. But
it must be remembered that in coal carriage, especially to a
port, a railway has some important advantages over a canal,
At one end of its line a railway loads its trucks at the pits’
mouths, at the other end it discharges those same trucks,
with scarcely any expense, off stagings into storage places
ov into vessels. Canal boats have to get the coals brought
by trucks or carts and transferred to them, and in discharg-
ing, their cargoes have to be lifted out of them at a consider-
able cost—(here 30 cents a ton).  The use of a railway also
renders it unnecessary for either coal dealers or consumers
to keep large storage yards at the harbor where land is
so valuable, for purchasers will generally wait the short
time required for getting the coal by rail from dealers’
deplts at the mines, whilst they will not do so for the
much longer time required for getting. it by canal.

The following statement gives the traffic on the canal for
each year from 1860 to 1870 and for 1874 and 1875.

MORRIS CANAL.
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Boats

Towing.

Tolls.

MORRIS CANAL.

The boats used on the canal arc of the following dimensions :
Length overall 87'—Depth from gunwale to floor, amidships
55" at ends 61— Beam 10'5”. They are flat-bottomed and
nearly straight-sided except just at stem and bow; § in
length at the stern are decked and made into a cabin for the
boatmen. The peculiarity of these boats is, that in order
to pass the plane summit curves, they are divided into two
portions at exactly amidships and there hinged vertically,
the interval between the two sections being 6”. These hoats
carry 70 tons of coal with a draught of 3'9” whieh, though
the canal is nominally 5 fect deep, is considered as much as
advisable. They are built of “ Georgia,” white and yellow
pine. Their average weight is 20 tons and their average
cost T00 dollars. Nearly all the boats on the canal have been
built by the company and are let or sold to the boatinen
who work them. Private persons are allowed to put their
own boats on the eanal, provided they are built so as to be
able to pass the inclined planes. The life of & boat is con-
sidered to be from 5 to 7 years,

The towing is done by horses or mules, two or three to
each boat, and from 15 to 20 miles a day is considered fair
going. Mules are said to last at the work on the average
8 years; horses only 1 (one) year! whilst the former
cost only 2rds as much as the latter to keep. In 1862 it was
estimated that the towing could be done ¢ by the mile for
11 cents for loaded, and 7 cents for empty, boats”, and the
average expense of boats is given as ¢ 3 dollars a day.”

The rates of tolls charged for miscellaneous articles on
the canal are given on the accompanying form. For coals
there are special rates which are altered frequently. They
are not charged according to mileage but according to places,
and are regulated to a great extent by the amount of railway
competition to such places, Thus, whilst in October, 1875,
the toll from the Delaware river to Jersey City (New York),
to which there is active competition by two lines of railway
from the coal mines, averaged only § of a cent. per ton per
mile, it averaged upwards of 2 cents to intermediate places
not atfeeted by such competition. Part of “Plane No. ¢
West” is arranged as a weigh-bridge, and all boats passing
over it are weighed. A register of the weight of each boat
empty is kept, and this being deducted from the gross weight
when passing gives that of the cargo then in her, on which
tolls are collected. Boats working between points not ne-
cessitating their passing this plane, have the weights of
their cargoes estimated by their draught.

MORRIS CANAL.

JERSEY Ciry, April 1st, 1873,
RATES OF TOLL.
From this date, until further notice, the rates of Toll on MorrIg CANAL
will bo ag follows, subject to rules and vegulations:

ARTICLES. R‘;Eger Maximum.
cents. & conts.
Bark (ground and unground)...c.cieiiinnneiiiinne. 2 1-00
Brick (common)*. ... cieiiriniiis . 1 §0
Brick (fire and prossed) vveeeniveicneni i 2 1-00
Flour, Feed, Meal, Grain and Seeds.......... [FIRTNN 1% 100
Hydraulic Cement....cuvveinecesonrimininonn i 2 1—00
) £ T PP POSPOR 4 70
Iron Barg and Rails........ retrertetreenrne i rriannranans 1% 1560
Iron Pigs and Seraps ....coeveeeiieniiiiciininnnieinn, 2 100
Iron Oxro and Forge Cinders ... PN 1% 1-00
Lath, Heading, Staves, and Hoop Poles....c.ccueni. 2 1—60
TAIIC. vt ves virreenbetnn senrantessreneretes bvesasses sensaesns nas 14 1—-00
L0 SEOE -1 vvenreesanrssressersensssressaes 2 1—00
Lumber and LogB.c it viuee vasrremersentee i rnvee s 8 100
MAnUIB.rttveres sreres cesrresroraneassons trertstuntess serane srees 13 1—00
Paving SEONES...... coveee seessrssnrsrssniteesnernierneneinine, 2 1-00
Plaster...... eeerre srisee srrare nevss reRenLLs sheaes Pentrsti ey tas 2 1—-00
Railroad Ties, and Posts and Rails...oeiennn, 1} 7%
Salb. i 2 1—00
Sand and Clay ..cceereiemiisesnnceianinnenes 3 75
F0BD BEONOB.ceuevieeririertecsarssssioronssenesseraessiannsenna, 2 1--50
Stone, Flagging and Curbing......cccevoveenrensavinneens 2 100
WOO0Quuerencernnerivnonins sonrensvossans Crerereceneeenes vaenas 1} 50
A0 OT@urerenraerrverrenneransaresnasseres senvesnssesasesersns 2 1—~00
Unenumerated Articles... . soniermmenoa. 3 2—00

* Except for distances not exceeding 11 miles, in which coase the Tolls
will be 12 cts. per ton.



APPENDICES—MORRIS CANA{..

APPENDIX Noo 1
To Norrs oN Monrts CANAT,
(See portio of Notes “ Laclined Planes)

Jensey Ciry, July 30th, J861

Wu. SELLERS, Esq.,
Fliladelplia,

DirAr Sir,
I am at last prepared to answer the questions propounded in yours
of the &th instant. T shall state the answer withont repeating «ques-

tions, but in the order stated in your letter --—

(1) Gross tonnage up the plane.........3,830,260 tons.
down ,, PR %1 3 JF 117X S

hoth ways ceeen s B,2T1,863

1 12

3 "
I have taken the first plane built for wire ropes (No. & West) he.
cauge it has a scale on it angd all the tonnage is weighed as it passes.
The ton used is 2,240 1bs. There arc two tracks to this plane, and
consequently 2 main ropes. I have taken the second sct of ropes,
being those put to service at opening of navigation 1855, and lasting
till close of 1860--six years. The tracks were used alike, and if we
allow that each rope carried half, the amount for cach will be—
Ascending tonnage .oovevervennonn e 1,915,1345 touns.
Descending tonnage ........ooveeer 00 1,220,797,
Total both Ways .....ceeverever e ann,135,0315
Some other planes carried all this tonnage with a single track and
one rape, which rope lasted about 4 yoars and carried equal to
about £ of the above amount (or 4,181,242 tons.)
(2.) At Plane 6 Wegt the car maoves 944 feet in distance cach
trip, and the total clevation to which the load is lifted 1 56 foet 6
inches for the ascending, after which they are let down 4 feet 6

inches.
The deseending loads are first raised 5 feet 6 inches, and then et

down 36 feet 6 inches.

(8.) The inclination of the plane i one in ten, except where the
boat is Jaunched into the water, and at those places it is one in
twenty,

(4.) The ropes were 2} inches diameter, made by J. A, Rocbling
Trenton, N. J. Wirc centres, as opposed to hemp centre strand.

APPENDICES—MORRIS CANAL.

{5.) 'The number of trips ascending with loads ..... vreenn 83,290
Do. do. with empty car ...... 16,645
Do. descending with loads............14,098
Do. do. with empty boats....19,192
Do. do. with empty car......16,645

Total number of tri;_yg...99,870

(6.) Speed in miles per hour is 3.4 ascending.
Da. do. 453 descending with a load, and

empty car on the other track.

(7.) In the tridl made at Plane 6 West in 1849, the power
required to work the machinery empty was taken at 47%%; horse
power of (33,000 Ibs., 1 foot high per min.) Subsequent experi-
ments made ronghly at various planes indicate that, that estimate
was too high. The single track planes with grade of 1 in 12 run
empty by the gravity of the cars too fast, so as to require checking
by the brake ; these planes have an equal amount or length of ropes
in motion with No. 6 West and all the other machinery except one

get of cars, and one large sheave at head of plane. The gravity of
1 in 12, at our speed ascending is 4242 horse power, and I now
estimate that 40 horse power is enough for this item on Plane 6 West.
The power required to overcome the gravity of the cars on two
tracks while one car is being hauled out of the npper level may be
taken as equal to one car on a grade of 1 in 10, which is equal to
49285 horse power, and. the distance at Plane 6 West moved over in
80 hauling out of the upper level is 220 feet.

(8.) The additional power required for any definite load in the

cradle is composed of two parts :—
1. Gravity of the load, with cargo of 66 tons—1 ton of water
and 16 tons of boat, at Plane 6 West is 1504%; horse power.
2. Additional friction of all the rubbing parts from the load I
estimate at 15 Ibs. per ton, equal 115%% horse power,
.(9.) I bave not made any other experiments which would an-

swer 7 and 8.

(10.) The diameter of winding drum at Plane 6 West is eleven
feet and at all the other planes 12 feet.

(11.) The smallest sheave over which the rope makes a bend is
3 feet diameter. There are 7 of these on each track at the summit
so placed that the bearing points of the rope are in a circle of 320

feet radius, and are each 8 feet apart.
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(1-4«) Ihe Sheatc Whlcl\ Treverses th(! ille(:tl() 0 I on at 6
C ( n f the moti

West i3 7 1 v a
feet diameter. At all the other planes it is eleven feet di
3 cet dia~

meter. At N i
. t No. 6 West the bend is only 80 degrees, and
others it is about half the circle, el e

13.) The
h( ) The diameter of the bottom of the groove of i
sneaves on 6 West is the same as the rope for o' supporting
Tope. pe for

the d €1 O C

3 lametery f th(.

Ihe Other planes val y 1lonl thls up to 4 lnchcs dlam ter
mceter,

(14) From
(1 ) centre to centre of carrying sheaves is 24 f i
18 quite far enough for our ropes e

(15.) The strain sh
1 should not exceed . the ultimate strength, com-

puting that strength at 73,000 Ibs, per square inch of metal
metal.

I have onl
y to €Xpress my regret .
A t
answer so long. gret that circumstances dela

yed my

Hooi . —
ping that it may be in time to serve you, I am ve
' ry

Respectfully yours,
(Signed) W. H. TALCOTT

O—

Description of second set of ropes at Plane 6 West
st, mad
by J. A. Roebling. :

Main rope north track f
st used Novemb
Length 1 : er 1st, 1854
o gth 1,120 feet. Weight 7,790 Ibs. Weight Per,fmt .
(.’mposed of 7 strands, each of 19 wires, No 10 wi 1t
wires 133. 44 inches lay in strand PV e guage. . Total

10
oy rope. Used 1,303 days,

. Main rope south track first used April 5th, 1855
ength 1,11 . . RO
Formeg 4 feet. Weight 7,630. Weight per foot 6.8
same as rope on north track. Used 1,31 £ Tba.
Back rope. Length 1,043 feet. ’
foot 3.8 Ibs,

7 days,
s 080 Weight 3,766 Ibs, Weight per
d of 7 strands of 7 wi
o i 1 ! tres each, No, 9 wi
g y 1n strand 3 inches, Lay in rope 8 inch c" et
e 18th, 1854. Used 1 104 days e fd
T - . ’ '
he material of wire topes is Norway iro
n:

made to specification. they are not however

APPENDICES—~MORRIS CANAL.

COST OF THE INCLINED PLANES UPON THE PRESENT
CONSTRUCTION.

"Comparison of the Cost of Planes East and West of the Summit.

= ) Py &
© I B v, o o5
[ S o] e 3 @36
Division. £ g 8.% -§ § g gE gog
g EE zM =0 L o e
'/5 &) [5) <M % - 8
East of Summit. ......... 12 458 ft. | $351,114-81 | 63 ft. §29,259°57
West sy e W11 691 £t. | $327,987-41 | 63 ft. §29,817°04
Totals. 23 |1,449 ft. | $679,102:22

Comparison of the Cost of Single and Double Planes.

\
.x

(28] &2 o5 | 2 |ed.lzscs
25| 8 g% | 37 |AET Pz
2R L | = Peds

Single...... 20 $577,973:84 $28,898:69 1,229 ft. 61-45 ft. | $470-28
Double ..... 3 | §101,12838 | $33,709-46 220 ft. 73-33 ft. | $459°67

APPENDIX No. 2.

UNITED STATES PATENT QFFICE.

RALPH R. VOSGOOD, OF TROY, NEW YORK.
IMPROVEMENT IN DREDGINCG-MACHINES.

of Letters Patent No. 157,101, dated

Specification forming part
application filed August 29, 1874,

November 24, 1874;

mt———

To all whom it may concern :

Be it known that I, RaLPH
and State of New Yor

R. Oseoop, of Troy, in the county of
k, have invented a new and Im-
achine ; and I do hereby declare that the follow-
d exact description thereof, reference being had
drawings making part of this specification, in

Rensselear
proved Dredging-M
ing is a full, clear, an
to the accompanying
which—
Figure Lis a
be swung around.
in a position for dredging.
my machine, with the excava

side elevation of my machine closed, and ready to
Fig. 2isa similar view, showing the excavator
Fig. 3 is a vertical central section of
tor in a position to be used asan anchor,

vo
Cr
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or swung around to empty its load.  Fig. 4 is a modification of the
manner of raising the auxiliary arm, Fig.

5 13 a top view of the
devices used for holding the auxiliary cranc-arm at

any desired cle-
vation,
The object of my invention is to render more practical

the well known dredging-machine having a horizont
main eranc-arm, and a vertic

and useful

ally-swinging
ally-swinging auxiliary ¢ ranc-arm, and
a sliding and swinging ser:

4

wper, as shown in my drawings.

My first improvement consists in mcans for holding up the auxili-
ary crane-arm while swinging the crane-post on its axis for working
the seraper on cither side of the post, and while moving the scraper
out forward of the wain erane-arm for the purpose of using it as an

anchor while drawing the dredging apparatus to a new place requir-
ing to be dredged.  With the dredging-machine having the auxili-
ary crane-arm, so much inconvenience and annoy
being in the way, and inter

the appar

ance from said arm
fering with the expeditious working of

atus being experienced, very little satisfaction or bLenefis
has been derived from the use of such machines, although the auxi-
hiary crane-ar

m is one of the niost important attachments cv

er made
to dredging-machines on account of its per

mitting the power to be

esistance at about an angle
almost direct line.
My second improvement consists in the

pulleys or sheaves with the ordinary pulley of the auxiliary arm, and
in arranging the power-chain to work double or treble over these
pulleys, and over pulleys in a swinginy sheave-case, and on the main
crane-arm, whereby

the power upon the scraper
bearing for the power

applied to the scraper or against the r
of forty-five degrees, or in an

combination of additional

is increased, and g
-chain is secured, both when the
working back and forward of the
thus the chain is kept in proper w
the sweep of the scraper over
ing adjusted for working, or is
be cmptied of its load.

My third improv

seraper is
pulleys of the auxiliary arm, and

orking tension during the whole of
the bed of the river,

whether it is be-
in position for bei

ng swung around to
ement consists of el
given elevation or point on the chains which sug

crane-arm, whereby the force of the descent of the
modified, and the injur

astic cushions applied at a
pend the auxiliary
said arm is greatly

ious effect from shocks and strain upon the

apparatus in a measure overcome,

My fourth impr ,
bined with the su
by the auxiliary

ovement consists in g cramping contriv
spending-chain of the auxiliary crane-arm, where-

arm can be cramped upon the chain, and held up
out of the way at any point desired, while the crane is
around on its axis, or the scraper mov
anchor, :

ance com-

being swung
¢d outward to be used as an

APPENDICES~—MORRIS CANAL.

i i Jlastic  cushion-stop
{v i tion consists, fifth, in laving the clastic -
s on e 1 ; ywer can be ap-
i l;l n the suspending-chain, whereby the po [
adjustable o A o power o
d(m'ls } h the auxiliary crane-urm at any desired ang N
ied through the aus oy anels
v X | Iﬂ others skilled in the art to make and use my
To enable others :
A1 proceed to deseribe it N ‘ , S
I “Iln proces t A. main arm B, auxiliary arm B, and 5@\‘1. ;
T srane-post, R ‘ o
o i her and arranged to operate 1
Iy are constructed and fitted together : Jpenaie
al o revolving sheaves or pulleys hik
usual manner, € C are revoly 11151% e e or
i i icces of the main arm, & :
1 > + wide pieces of the . b ot
sot in between the . o O
; ilar sheaves or pulleys fitted in boxes set m o the e
siilar sheave: m be "
s ; cliary arm.  These sheave-boxes are a \
e ) 3 is a sheave-case or pulley hinged
Is of the said arms, as shown. I 1s a shed . A,
ot t IV of the scraper, and provided with a cen uC P o
to the par o E ' ‘ ceoarms CF G, Fie an
| chaig-retaining pins C* €3 and attaching-¢ " i resn
nd chaii- e €
. ain passed through the pulley : .
e | lley-case E, and in relation to
v y 3 ey-cas ,

3 d through the pu : clat °
ive arms D B, an 2 . ‘ X s whoain 1s eon
e llevs C Gt C2, as shown in the drawings. T LF oy
e . or sheave-case K, 4
" Pl '1) nsuad, by one end to the pulley or she o ,n o

weted, Os usuil, o ‘ i
e (l , nd to a 1‘0wcr-wimllass arranged in 1)10pell S
its other end to & poy L
N t G represents one of the chains upon \\1 l it
P aratus. X Ye $ . . ) e .
e ended.  These chains are passed loosely .Dt y ;
ary arm is suspended. 1 looly Shronsh €3¢
'uyﬂ Gdes of the arm at G, or at any other nultn1 p' C,l o
o by o sane-post and main cranc-
Leir respective ends to the crane-post !
e i i d lone enough to allow the arm to swing
arm. This chain is Joose an 'onlb (w.frml o tho a0 sy
- it » are of a circle. (% are :
o ? i 1 resting down upon stops G2, which
] -or the chains and re . et
AN chain at any des
- i icces, and clamped upon the y ‘
e o A f metal may be interposed between the
« of meta
] : A washer of me peen the
nt by scerews. ‘ et elamp
Pml i mi and the clamp-stops. By loosening thlc sc:ﬂw of the clamp-
shic g _ /
o he stops may be lowered or raised, and thus th o
1¢ 8 S a - " (
o ; ) d 1d sired, and caused to arrest the auxiliar yGL o
. e b m t 1 are form-
any a titude 1 e e
i ¢ scraper. '

i ; spect to the & o
sired angle with re : | oo o are b
dm'le Dl haft G+, and on this shaft 18 a pullc{ (;) , b

s T ’ i d carried back between tv
X and carri
_— ceentrically, ¢ ) : °
Go, is fastenede ¢ beeen o
S @7 @7, which are attached to the inn o .
B , By pulling the cord G® the rock-
Of the auxiliary arm, as shown. Dy P g o e e
) . o > h
01 ¢ will be moved the distance of a quarter O lt,the e
e nd i ay as to prever g
1 ¥ such a way .
i ing cramped in . o
wpending-cha vay 2 NV
su p' 1(.;wn over them, and thuas the arm 15 held p’ uy point
e rampin
- 10 by this contrivance. Instead of the cra P g doviee
i ; i i ide main crane-arm,
deallle 1 )'llvoted hook H, is provided on the sndetl B
e 1 ' rovi 1c H d [}
beve tztionary latching pin 1T, p1ov1de<.l on1 auxiliary arm,
nd ¢ i trivance of the hook and pin the auxihary
and by (s 7 1 when the cranc is being swung around
f the way !
hooked up out ©
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for working the seraper about a corner, or on cither side of

S,SHEETS"S'HEET L.

the A
. . ( R . R * 0 SG 00 D .
centre of the cranc-post, or when the scraper is being moved to a .
pasition forward of the eranc-arm for the purpose of wsing 1toas o D re dg‘ ng“‘ M 20 h"\es-
draft-anchor while pulling the apparatus to a new dredging spot NO i 57 ‘O"
in the river or other place. ) k ‘
In Tig. 1 of the drawings it will be observed that the power-chain
Lias o bearing against the two pulleys C C, and the three iner pul-
leys Cr Cr €, and against the pulley €2

PATENTED Nov.2 41874

In Fig. 2 the same re-
lation of parts exists, except that the scraper has moved forward and

downward slightly, and the auxiliary arm has been lowered to near-
ly an angle of forty-five degrees with respect to the seraper ; that in
Tic. 4 the power-chain has a bearing against the three outermost
pulleys Ct Cr 1, and the auxiliary arm has been carried up by the |
scraper ready to be cramped or hooked up, so that it shall be out of
the way while the crane is swung around to empty the scraper, or
while the seraper is being moved longitudinally beyond the end of

the eranc in order to serve as an anchor.,

In practice I may adopt only three pulleys, C1 €t €Y, and arrange
the power-chain as shown in g, 4. In this case oncof its ends will “
be attached to the outer end of the cranc-arm B, and its other end,

as before, to the windlass, after being passed about the pulleys
€ € €2, in the manncr shown, and I may only use the hook 11

and pin I, or the cramping-shaft, ¥ig. 5, or I may use bath {ov
holding np the auxiliary arm.

I prefer the hook and pin, as thesc
make a self-acting contrivance.

I contemplate using other deserip-
tions of holding wup device, and thercfore do not confine myself to
the special construction shown,

What T claim as new is—

1. The combination of » sustaining device with the auxiliary
hinged arm B of the crane, for holding up the said arm out of the
way while the scraper iy being  adjnsted and used as an anchor, and
while it is being worked at any angle with respeet to the side of the
support of the crane and at will of the operator, allowing the said

arm to be swung down to apply the power to the scraper in a wore
direct line, substantially as set forth.

2. The combination of two or more end sheaves C C, and one
or more intermediate sheaves €1, the power-chain ¥, vibrating

.
7 ! D ' Havigaile Rivers anci Cavvads ot
sheave-case K, auxillary cranc-arm B', and main crane-arm B, and . Awerica and Carada-Waioh.
a seraper D D, whereby the chains are kept in position, and their
power upon the scraper increased and applied in a very direct man-
ner, substantially as deseribed.
3.

The combination of the seraper D I, the yielding cushions

2 1a7%

TRAANSLCR BY G- 8ARA yANAYNLOO LITHOE BY - 0-80combr covT irms’ 0B pTFONTSE C kDROS wnpmnd ocTt
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Gz, and the suspending-chains G, substantially as and for the pur-
pose deseribed.

4. A cramping device G*, in combination with the suspending-
chain G, for setting the auxiliary arm B’ at any desired position with
respect to the main arm B, substantially as and for the purpose set

forth.
5. The adjustable stop G3, in combination with the suspending-
chain G, substantially as described.
RALPII R. O3GOOD.

Witnesses :
J. N. CamerreLL,
JaMEs MarmiN, JR.

APPENDIX No. 3,

To Notes oN Monrnris CANAL.

LIST OF PLANS.

No. in
* Vol. of
Plans.
Inclined Plane, General Plan and Section—Car and Boat ..1
Plan of Summit showing return ropes .2
»»  Groove wheels, upper level .3
lower - ,, .. 4

LA " b
and Section Groove wheel upper level.5

2
lower ,, ..6

» ” I bad

Side view of Plane House, and Machinery ..7
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G2, and the suspending-chains G, substantially as and for the pur-
pose described.

4. A cramping device G*, in combination with the suspending-
chain G, for setting the auxiliary arm B at any desired position with
respect to the main arm B, substantially as and for the purpose set
forth.

5. The adjustable stop G, in combination with the suspending-

chain G, substantially as deseribed.

RALPII R. 0SGOOD.

Witnesses :
J. N. CAMPBELL,

James Marny, JE.

APPENDIX No. 3,

To Notes oN MORRIS CANAL.

LIST OF PLANS.

No.in
‘ Vol. of
Plans.
Inclined Plane, General Plan and Section—Car and Boat ..1
Plan of Summit showing return ropes .2
,,  Groove wheels, upper level .
’ ’ ,, lower - 4 ..4

and Section Groove whecl upper level.5
lower ,, .-6

”

” bR 7

Side view of Plane House, and Machinery .7

29



Object, &

INCLINED PLANE,

OHESAPEAKE AND OHio CANAL.
(Visited 17th—181h Muy 1876-)

e O S G

WHEeN at Washington (D. C.) my attention was directed to
an “inclined plane” of a kind considered superior to any
similar work in existence, which was being constructed from
the Chesapeake and Ohio Canal into the Potomac at Goorge
Town (a suburb of Washington) to take the place of the &
terminal locks from the canal into the river. The right to
the surplus water in the canal, having been obtained by «
Company, they have considered that the saving of water
available for their use which will thereby result, makes it
worth their while to replace the locks Ly the “plane,” at a
cost estimated at 100,000 dollars, but which will veally, I
believe, be considerably more. It was at first proposed to
modecl the “plane” on the gencral design of the planes on
the Morris Canal, but this was objected to by boat owuers
and those specially interested in the navigation of the canal
on the grounds that by hinging the boats they are weaken-
ed, and by letting them rest on their cradles whilst passing
the planes they are liable to be strained. Mr. H. R. Dodge,
the president of the Company that had obtained the mill
rights, then visited England on purpose to sce the “inclined
plane” at Black-hill on the Monklands canal, over which the
boats are taken “water-borne,” and it was decided to adopt
the system there obtaining with modifications and improve-
ments,  The engineering management of the matter was
put into the hands of Mr. W. . Hutton of Baltimore, Engi-
neer of the Chesapeake and Ohio Canal, who prepared the
plans, of which I forward a complete set herewlth, with
some few notes on them, added from inspection of the work,
These plans were given to me by Mr. Hutton himself on the
authorization of Mr. Dodge, the president of the Company,
and to both of those gentlemen I am indebted for their

INCLINED PLANE—GLEORGE TOWN.

cowrtesy,  When T visited the work it was nearing comple-

tion.

level in the river to full water in the canal, 38 2, feet.  The
gradient of the “plane” is 1in 12 and its total length 589
feet. For this Iength ave Iaid two pairs of rails to cury the
caisson, on a guage of 4 feet § inches and with 4 feet 8
inches between them, making the distance from outer rail
to outer rail 14 feet.  These vails rest on longitudinal sleep-
ers bolted down to continnous masonry walls, the level of
the upper end of the track being 9 feet (6 feet depth of
water + 3 feet height from yail to hottom of caisson) below
canal water level and the Tower end 16 feet (67 depth of water
4 10 height from rail to hottom of caisson) below the
water in the river.  For the upper 400 feet of the plane
there arve alongside thic two middle of the four rails ratchet
o gafety rails into which pawles attached to the eentre
truck of the caisson, can be dropped, to prevent accidental
running back, A6 10 feet clear on cither side of this cen-
tral set of raily, but for only 300 feet from neav the upper
cnd of the incline, there ave similar sets of rails to carry
counter-weights.  The dimensions of the ecaisson in which
the boats are to be carvied “water-borne” are—
* Inside length 110 feet,
T ,»  breadth 135 feet 3 inches,
,  depth 6 feet G inches.

It is constructed of iron, for the details of which the plans
must be referred to. It rests on three strong timber frames 16
feet Tong by 17 wide, each carried by two six-wheeled
trucks side hy side on the parallel lines of rails. The frames
on these trucks are of such heights respectively, that the
caisson, though travelling on an incline, is kept horizontal.
At cach end of the caisson is a door or gate which pressure
from within keeps tightly closed, but which when the pres-
surc on each of its sides is equalized can be dropped inwards
and lies in a depression specially provided for it below the
true foor. In these gates arc valves by which water can be
admitted to, or let out out of, the caisson. The weight of
the caisson full will be about 300 tons.
'7»’&1;;;:8;;5{1001;3 on canal 100’ X 15 and depth of water 6—hbogts
135 tons.

The difference of level to be overcome is from meantide Deseription.



Counter-
weights.

Bafety-pawles.

Power and
Machinery.

INCLINED PLANE—GEORGE TOWN

The ealsson is

e Whi(;lﬂl():r:‘l:’ltillf}fed Ly 'two Z-uch diameter steel-wire
L v o c iu, ned to it under the frame of the J
dle truck.  From it they extend to ¢ i ;
1TuHeys, one pair on the right horo
lines of caisson rails, §

mud-
of winding
N twl
o wnd the other on the left of the
e vop at the top end of the ineline ,
. > makinge 21 turns y 1
o 24 s round its pulle

e ol s pulleys, passes d.
" counte WClj?fht. It then turns vound a 9 feet 6 i )“’“_t“

er sheave fastened under the frame of b din-
truck and is carried up to, and ‘
incline, ,

, and there

the counter-weight

By o anchored at, the top of :l

8 arrang N

oine. By rrangement the travel of the ¢

) ghts 1s only half that of the caisson :

E l. ) - Y y M y ’
om running down into water,

Eac 8 1
» l,u,h of th/ese counter-weights is composed of tw
. dzl X 15F x 7 linked together, ¢ b
ded b i )
e z;\VO-;IX-WhCGICd trucks side by side on the parallel
: rails.  These | wto then
e m%O::rs t.lllhe.sc waggons are to have built 'mtlo thclbn
ol 'm,ley 3;1{ they nearly counterbalance the full cais
on. Y will move up and down their pai ) Site
v they w eir rails 1 i
directions o‘f.course to the caisson and, as aly “1‘ . Ol’p_o“te
at only half its rate of speed. Ry elined,

ounter-
and they are kept

aggons
ach waggon being car-

Under the centre truck of the caisson
pawles (three on each side of the truck)
of theratchet rails by

;lxscs]uc wr(i{ught-iron
‘ ' v are kept clear
sheaves to the count21iiilil:§h\Zsm;-rc(l)p'e gy s o
In the event of the hauling rb s b "‘ gt l'(ept o
o ot o the han 10 opes breaking this small tension
zope would al gyst;r[])n (nf}clso release a counterpoise whicly
frould move @ systam (; evers, and. lower the pawles into
the ratehet il S.i]n'l. ‘I?S been decided to provide for the
coun deSi”nOl.(.l ilax safety arrangeients, which the ori-
g gn did not include. 1

The motive power will be obtained from a 7’
fvult}:llllel gv;xfte;‘{—whecl placed in a well, under aff inlsadd)i) Ub‘le
orks, about 29 feet below the level of sur o
canal.water, from which it will be fed throt ah : Su”l o of
ter pipe, the tail water flowing to the 1‘ivcr1 b’clll ('L 201
Z}?;tt&(;:; the bottom of the well. The calcula.lt(()zgg ;oa ctll-f
¢ was stated to be 68 horse-power, powere

diame-

The position, &e., of the machinery and

the movement and po gearing by which

wer are transmitted to the windine
=}

INCLINED PLANE—GEORGE TOWN.

pulleys are shewn on the plans. In order to press the cais-
son home against the ends of the head-bay,” so as to make
a water-tight junetion, a hydraulic ram” (so ealled, really a
“hydrostatic press”) is provided. The power for this is ob-
tained from an ¢ accumulator,” which is a block of masonry
built in an iron box or easing, 6 feet cube, carried on top of
a plunger, the whole weight being 41,563 1bs. This is lifted
slowly, whilst the cajsson is travelling up the incline, by a
hydrostatic press, the foree pump of which is worked by an
eccontric on the main shaft tuwrning the winding pulleys.
The pressure of this © accumulator” can at pleasure be
brought to bear on the ¢ ram” forcing it forwards and by
an arrangement, which the remarks T have added to the
plans will, 1 think, make clear, bringing such extra power to
bear on the winding pulleys that the projecting sides and
bottom of the front end of the caisson are, with a steady
pressure, jammed tightly against the corresponding projec-
tions of the « head-bay” (or lock), and Ly the use of India-

rubber plates, or strips, a water-tight junction is made.

At the summit of the incline is the lock o
by which exit from, or entrance to, the canal is effected.
Tt consists simply of a chamber open towards the canal, but
closed at the incline end by a gate, which pressure from the
canal side keeps shut, but which when pressure on both sides
of it arc equal can be dropped to the floor of the chamber,
and hauled up from there by the usual drop-gate machinery.
The chamber or *head-bay” walls and floor project a foot
beyond this gate, ending in heavy baulks of timber, into the

faces of which are let broad plates, or strips, of India-rub-

ber which project slightly beyond the surfaces of the tim-
bers. The caisson bas end projections which fit to those of
the « head-bay,” and form in the inberval between the gates
of the ¢ head-bay” and caisson a water-tight chamber 1 foot
¢ inclies wide. Water can be admitted to this chamber
through either of the gates and can be let out of it by
means of a drain-pipe.

« operated” by means of four

The machinery will be
at the ¢ head-bay,” from

levers covered by @ small house,
which the whole of the plane is visible.

r ¢ head-bay’ Head-bay.

9
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Mode of working

Time occupied.

Water used,

INCLINED PLANE— ({LORGE TOWN,

Supposing the caisson at the bottorn of the inchiue, aud
that it be required to transter a Loat from the canal to the
river, the “modus operandi” will 1o as follows: ~"Ihie enisson
being full of water and its gates dosed, water will b uiven
to the turbine by moving the lever whicl, opens its {ved-
pipe, and the machinery being thus seb in motion fhe enise
s wilh e drawn up the incline, till the projections of its
forward end touch those of the « hoad-bay,” By the move-
ment of another lever communic

cation will then b opened
between the accumulator cylinder and the ¢,

will eause the caisson to e pressed up
bay” compressing the India-rul
water-tight conncetion,

an,” which
against the “hegda
her plates and making
Into the interval between the
gates water will then be adinitted Bl it stards at the same
level as the canal, when the “he:

ul-bay” gate will be drop-
ped. Auny difference of lovel hobwon

sides of the eaisson gate will

a
two

nthe water on ghe two
1en be adjusted by the valves
1 be dropped, leaving free communien-
canal and eaisson,

it and the gate wil
tion between The hoat entering the
caisson will, of course, catise a quantity of water equal to Ler
displacement to pass from the eaisson to the canal. T4
being fairly in and secure

«i

1¢ boat
d to stanehions, the gates of the
wad-bay” and caisson will be lifted, the intery
them will be emptied through a dr

for the purpose, the communication between the acewny-

lator and the “ vam” will be closed and the vam tetived
the caisson will be lowered dow

of the water in it iy

al bebween
ain-pipe specially provided

, and
n the incline till the surface
nearly level with the river. Exact
equalization of level will then he effe

valves, the g

the river,

cted through the gate
ate will be dropped, and the boat will pass into

The tisne oceupied by the whole oper
not he more than that of one ordin
time of passing 4 out of the 5 locks
will be saved, a saving of at le
on each trip.

ation will certainly
ary lockage, so that the
replaced by the « plane”
ast 40 minntes to each hoat

The canal water used in the operation will be only
(1st) that fet into the iterval betwoen the gates of the
“head-bay” and caisson 15 foct x 14 X 6'=135 cubic fect,
(2nd) that used to work the turbine.  Whut the oxact (quan-
tity will be T am not sure, but approximately it will be 2,800

INCLINED PLANE—GEORGE TOWN.

cubic feet. The whole qu:m{;itzr tt,ll:‘l?ozll{)j,::ci(;il i(')rl(ix:vteli;
e i H H Age,y «
e vl 1‘1')(‘)) Oll)li'):ta})::iz 3tllilc tcl:na(l) to the river or fro.m the
P ver e Ol \lh‘wnf;l the Mill Company will save fo'r their ;ovzrn
e e ltb (?(00‘0 cubic fect cven if both ascending and ( e—‘
o ﬂ ]Oub a:ts arve equally laden, but as almost all Fhe bo(‘x’in
SC(W(LLR{J . wards are heavily laden (chicfly w1th CO({ )
e ((;Wl.l\ Lroi;m upwards are cither empt).r or hght,‘t 1\e
WI“]St' t']l(l)%bsgolutc(:ly be replenished by a weight of W'dtlut:
A 'aer cqual to the difference between th.c \.VGIgl
e s 1q*vdin(i1 and descending traflic. The 'brmgmgl .uli
- asc}:“ t ffom the river and taking down in her place
e o 'O?th 100 tons will result in the supply of some
On(ieOé)adc?lI;)izv feet of water to the canal so that thfz (ionll{zz::f
z;(pect to entirely save the waze:'l nt(z)wbix];i?dji ;np ;):tic ‘,;,lar
s axnecte

W.h.at tllfa ttliluemllm;x}: \ii\fz:tpuegately unable to state. OWiI.l‘:.,‘T :0
plenox(xlor(\)-receipt, probably avising from p(?stal imsc(jl:;bb,
t(‘);(}ccrtuin documents about the schclrfc which Ilu‘;p:1 . t N

I had hoped also before writing this t‘zo h‘avciclg‘nb Lof e
“plane” being in operation and as to 1ts SuCCeSS,

m disappointed. . ‘
be';.‘llllj foli}w'mg is a list of the plans which accompany the
notes on this work :—

No. in
Vol. of
Plans.
.. 8
eral plan at site - .. T
e d arrangement of rails, &e. .. "
i 1 « . .
; and clevation of calsson - . B
1" " N ‘
Front carriage » " ) 1o
e " N . .. ..13
Dack m ”” noo ' ‘14
Gates of calsson B g
Counterweights . L ) 6
General arrangement of operating levers T
Operating levers S ) e
ngcml arrangement of machinery .. o
Accumulator o0
” pump . .. . e
Tccentric strap for do. \ .. ) o
1lydraulic cylinder (1':1}11) RE . .. | B
Rope wheel in conncction with do. -

———oO PO

F



The Ohio River,

NAVIGATION OFF THE OHIO RIVER
AND ITS TRIBUTARILS.
Wisited 22nd—31st May, 1876.)

o0

Tue Ohio carries to the Mississippi the drainage of 214,000
square miles joining thut river at Cairo 992 miles above
New Orleans. From Cairo to Pittsburgh, where ib com-
mences to be called the Ohio, the length of the river is 963
miles and in that distance the total fall is 426 fect. At
Pittsburgh two rivers unite to form the Ohio, namcly, the
¢« Allegheny” and the ¢ Monongahela.” The former rises
on the southern slope of the “divide,” which on its other
slope sheds into lake Ontario.  Its general course is a little
west of south, and its length is about 300 miles, for 250
miles of which it is navigable by river steamers.

The Monongahela, the general course of which is ncarly
due north, is formed by the junction, at 129 miles up from
Pittsburgh, of the “Tygart’s Valley River” and the ¢ West
Fork River.” These two streams rise about 40 miles apart
on the western slopes of the Allegheny mountains and run
northwards and gradually converging for about 135 miles
till they unite at Falrmont.

At 15 miles from Pittsburgh the Monongahela is joined
by an important tributary the ¢ Youghiogheny River”
which rises to the south-cast amongst the spurs of the Alle-
gheny mountains on the borders of the States of Maryland
and West Virginia,

Taking the proposed and existing extensions and improve-
ments of the navigation of the Ohio and its tributarics in
order from their head-waters downwards they may be sum-
marized thus—

Ist.—The proposed canal joining the upper waters of the
Youghiogheny with the Ohio and Chesapeake canal and so

PROPOSED CANATL.

with the Potomac river which flows into the Atlantic, and
the canalization of the Youghiogheny from the proposed
canal to the Monongahela.

2nd.~—The existing and proposed improvements of the
Monongahela,

3rd.—The proposed improvements of the Great Kanawha
river.

4th.—The existing and proposed improvements of the

Ohio river.

1. Proposed Canal joining the Youghiogheny River

and the 0. and C. Canal.—From the head of the existing
“Ohio and Chesapeake Canal” (which joins the Potomac

where navigable at Washington) to the head-of the proposed
¢ slack~water” navigation of the Youghiogheny, 44 miles
above its mouth, is only 90 miles; but between the two
points rise the summits of the Allegheny mountains. Many
proposals have been made for a eanal over the interval. The
one recommended by the Government Engineers and spoken
of as “quite feasible” would be 94 miles long and would have
to overcome by locks and inclined planes 1,342 feet on the
eastern, and 1,072 feet on the western, slope of the moun-
tains and would have a tunnel 82 miles long at 1,944 fect
above tide water. With the dimensions of this tunnel 46 feet
wide and 28 fect high, those of the general trunk of the
canal 70 fect at water surface and 7 feet depth throughout,
and the locks 120 feet x 20 feet, the total estimate for the
canal is 22,983,040 dollars. The canalization of the Yough-
iogheny from this canal to the Monongahela is estimated
at 1,254,040 dollars making a total in round numbers of,
say 25,000,000 dollars for the whole line from the Ohio and
Chesapeake canal to the Monongahela at MeKecesport, 15
miles above Pittsburgh.

There seems no probability of the early execution of the

scheme.

9. The existing and proposed improvements of the
Mom)”gghglg River.—The Monongahela has been “slack-

watered,” that is, converted into a series of pools, from its
junction with the Allegheny at Pittsburgh to «Jacob’y



MONONGAITLA RIVER.

Creek” v distance of 84 niles.  This has heen done hy o
Company who hetween 1841 and 1856 constructed 6 daans
across the viver, each daan having a lock at one end of it,
The Company is under an obligation to the State to con-
struct another dam and lock which will extend the stack-
water navigation 8} miles further, to the houndary he-
tween Pennsylvania and West Vieginia. The lifts of the
existing dams and locks at low water are :—Nos, 1, 2 and
3 cach 8 feet, No, 4, 10 feot, and Nos. § and 6, each 14 feet,
They are all alike in character and I only visited® No. 1,
just above Pittsburch,  Water was then (31st May, 1876,)
going over the dam, and T eould get no drawing of it, but
in a pamphlet given me at the “ Monongahela Navigation

Company’s” office the construction of the dams is thus des-

cribed i(—
“The dams are eonstructed of logs, squaring at least u foot ; they aro
built up perpendicularly from the bed of the river to near the water level,

when they begin to slopo on hoth sides, to the comb, after the manner of

an old time log eabin,  They ave tied together by eross timbers parablel

with the line of the river, holted to longitudiunl timbers so as to form a
net work, with interstices of 7 x 9 feet, tilled with stonoe,  Their breadih
at the base is about 65 foet, their depth below the sfopes, as originally
built, is from 3 to 6 feet, though by reason of breaches, they are now much
deeper in places.”

The locks built in connection with the dams are of masoury
190 feet x 50 feet with 5 fect on lower sills.  The dams
with these locks cost on an average 90,000 dollars apicce.
At dams 1 and 2 extra Jocks alongside the old ones have
been built with chambers 250 feet x 56 feet. Neo. 1 cost
56,000 dollars, No. 2, 50,000 dollars. The gates of the
locks were originally arranged to run on rollers and tracks,
but they were found to frequently clog with silt and drift,
and now the gates are swung on the entire suspension prin-
ciple, resting merely on the pivot, or “acorn,” at the bottom
of the heel post and supported by stay rods which revolve
on a pin held over the centre of revolution by a wooden
block 4 feet high which s tied back and down to the
masonry. The opening is done by a rope and windlass and
the closing by a spar pushed forwards by another windlass
and rope. The whole arrangements have a reugh appear-

* NoTE~—With Mr. J. P. Roberts to whom I am indebted for kind assist.
ance and informativn.

MONONGAHELA RIVER.

ance, but work with great easo as will be seen from the fol-
lowing extract from my note book :—

“ Afternoon, 31st May, 1876. Lock No. 1.—TLarge Cham-
ber 250 feet x 56 feet.  Difference of level above and below
lock, 74 feet. Steamer and two coal boats entered from
upper pool. Upper gates, with T man to cach leaf, closed
in 2 minutes.  From commencing to open lower wickets till
water level with lower reach, 5 minutes. Lower gates
opened by 1 man to each leaf in 3 minutes.

“Lower gates being open 2 stemmers entered.  Shutting
gates done in 2 minutes.  From commeneing to open upper
wiclcets till lock filled, 4 minutes. Steamers passed out in
9 minutes from time of ¢ntering.”

The locks were originally filled and emptied through cul-
verts in the lock walls, but these were given up in favor of
sluices in the gates. Of these, there are 5 in cach leaf,
closed by east-ivon turning shutters 5 fect long, 22 feet high,
with 3 inch diamecter journals on which they turn horizou-
tally and which work in bearings or journal-boxes in the
gate timbers; the arrangements being such that any shut-
ter can be casily removed and replaced without laying the
lock dry. These shutters or wickets are actuated by elbow
lever rods running up through staples and between wooden
guards to the top of the gate where they terminate in
ratchets engaging with cog wheels, each of which can, by
the depression of a lever attached to it, be turned suffi-
ciently to force the valve rod down as much as required,
about 20 inclies. The ends of all the levers on cach leaf (5)
are connccted by a chain carried to a small erab winch on
the lock wall, by which means all the valves in a leaf can be

moved at once by one man; without using the crab the

valves can be moved separately by hand.
The cost of the works to end of 1872 has been 1,146,038

dollars, of which the large swin of 473,493 dollars is due to
repairs rendered necessary by the damage done by high
floods and cnormous masses and fields of ice which come
down the river and tear great rents in the dams. One in
dam No. 2, in May 1868, scourcd out the bed of the river,
sand and gravcl, to a great depth and is said to have re-
quired to close it ““more stone and timber than weve used
in the original construction of the whole dam.”

39
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Tolls & Trafiie.

MONONGAHELA RIVER.

The table helow gives from 1845 the yearly reccipts from
tolls and the quantitics of coal which passed through the
works. '

AGGREGATES OF RECEIPTS, YEARLY,

From the several Sowrces.

Tours.

- Total
Buwholy,
Passengers| Totals.  [Conl & Coke.

Year. ool Coke,|  Othar
&e. Freights.

Dollars. Dollars. | Dollars. Dollary,

8,122 93,579 | 4,605,185
12,650 48,422 | 777891

5,243 15,173
10,221 20,520

13,241 21,345 16,674 51,261 9,615,127

12,438 25013 18,271 56,623 9,819,361

13,533 24,875 15,337 63,716 9,708,507

17,028 28,597 18,702 61,313 12,297,967

17,950 28,924, 19,299 65,971 | 12,521,228

20,014, 30,193 17,011 67,519 | 14,630,841

21,291 25,260 16,114 62,666 1 15,716,367

25,079 23,399 15,019 63,499 [ 17,331,946

31,050 27,250 14,753 73,054 | 92,234,009

10,566 17,454 5,238 33,309 8,581,095

37,111 31,658 12,483 81,253 28,973,396

34,353 27,455 11,289 73,098 25,696,669

39,085 32,635 12,077 83,708 28,286,671

52,082 31,083 13,735 99,901 37,917,732

30,915 20,075 10,385 62,506 20,865,722

26,709 25,675 10,019 62,103 | 18,583,956

40,532 33,560 13,081 87,174} 26,414,252

61,394 63,034 23,757 136,081 35,070,917

1865..unn. . 69,608 60,979 22,267 152,856 | 39,522,792

1866...c0cerinee 77,811 69,520 22,856 170,188 42,615,300

1867.iinee. 51,855 54,854 16,677 126,387 | 30,072,700

1568......... 91,376 60,592 17,023 169,291 45,301,000

1869............. 104,936 72,064 18,2499 195,300 52,512,600

1870.. 118,705 80,018 19,067 217,892 57,596,400

1871 100,333 62,239 11,672 174,250 18,621,300

1872............ 115,609 67,913 12,175 195,698 54,208,500
1878.........o 6728 | coiees | e ) e e

1874............ 137,189 215,463 | 67,823,200

1875 ... 133,610 T 194,833 | 63,707,500

(REAT KANAWIIA RIVERL.

It will be scen how greatly the coal traflic has grown of
late years; that growth will continue and be even more
rapid as the improvement of the rivers is extended, for the
Monongahela and its tributaries run through beds 1,600
square miles in arca, of easily obtainable bituminous coal,
for the carriage of which to practically unlimited markets
the Olio, Mississippi and Missouri provide the cheapest of
all ways; and the Monongahela water-shed is rich not only
in coal, but also in iron ore of excellent quality, in limestones,
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and in salt. The more than local importance of the fuller Proposed Im-
provements.

development of these natural treasures having been recog-
nized, Congress has decided on carrying out the improve-
ment of the upper Monongahela by national funds, and the
work has been commenced. It consists of the “slack-
watering” of the river from the head of the existing naviga-
tion for 37 miles farther to the junction of the “Tygart’s
Valley River” and the “ West Fork,” The system adopted
is like that in existence on the lower part of the river, but
as the slope of the river is much steeper in its upper parts,
the dams have to Le closer together.  The intended posi-
tions for them and lifts of their locks are—

I
S0 |« 4
cJEE ] S
Sl e | 29 Remarks.
4 vn | =Q .
SRl e
=gy

Being built.

10 { 1014 | 13 | Nore—The dam yet to be built by the
, Company, alrcady noticed, is No. 7,
12 ) 1103 11 and 1t will probably be so high as to
render uinecessary any NO. 8.

Nl
)
~
Jund
—
Ao

15 | 1255 | 10

The cost of these dams and locks (200 feet x 50 feet and
6 feet on the sills) is estimated at 130,000 dollars each.

8. The proposed improvement of the *"Great Kanawha
River-"—The Great Kanawha River, which joins the Ohio
at 263 miles below Pittsburgh, flows north-westerly from the
western slopes of the Allegheny mountains through a country

rich in minerals. Little has as yet been done o improve it
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o IPZ SOC]”H' S(ml(:]-)]()dl{mf()1;\::10211)31;:;21)‘0(011(:;10 n{faximum possible and 1(]\\'(21
s Wh-]b ; 1 n(?,t give a less annual expenso than 4,000,000 do .m.”‘
o lml l%‘l“;t’ (llst(i; (4‘3 000,000 dollars. That stopped that plan of course.
and the tirst cost 3,

The only possible way of thoroughly improving the 1;1.?(-)
L4131 FON 0 98 ) ‘ "
i éibon of the river appears to be to“tlleatk it :er” "
o 3 treated : to “slack-wa .
> Monongahela has been bo " slack ;i
l"WCVIY I\t do bcetter with reference to this than glv'e (i;)ation
if[mnillll(? s evidence on the subject before the Transpo
Merrill’ jec
Committee, October 29, 1873

at advantages of the slack-waier plan are that it Iiill?np](:v;:t::
- g,‘mo:tbil L;Llcul;tcd with as mueh accuracy ai}j?gv::ter is subject
expense cf y e that any wo .
““L be, and 1 .think IT“gI:)tnt:)(; ?:I:‘J iil;(;ii)n, and therefore exact B'Stm:tlt(;:
to contingencies W}.l,lT ' C(A bed of a stream is itself your rosc?vmlr, ietain
arc simply impossible. need, and not ono drop more. You Bmlp.]Y hoee
sivos all tho wator YO“_ ¢ t;0;1 The stream will always supply the oct 50;
what is needed for ’(mvlg;;L run'over the dam, still you will havAe }:llcnoirs’
and even if it should 1110 It is casily built ; there are no cxces'swe 1 m:::eom
navigation in the pO.O S.lse on the Monongahela river, where l.t fully ment
e istat f 2‘13530:/121;1 cllass of navigation which demands the improve:
he wants o ]
Zf tho Oh-io’ i ot iixitllzm c}(:::;z:f.to be said about applying it ttO} %1];0
Thero is but Oned ofgI”ibtsburgh is a unit in deman.diug t?altl nod ;; c{i
Ohio. The 0031}'“3(‘)}30 that will in any way interfere with tl.le l1'1 rh«'m They
phall bogkmt :tnreta]sl, as they havo it now when the1 w:te; rlja;lat O-WS’ m‘d
use of the . top at cvery lock, 4
claim that ;]t ::;;1;)::1;100 ff;)rr uf}:;l: Hfo sM 51’7 own experionco with coal-tows
tako them thr

g . rom 1668-
< hink the obje tion 18 & oo (] I came down f Pitt,
makes mo t t bl [qniy) 20 d on G
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burch to Cincinnati ot coal-tow on puvposte to see how they grof along,
To that ohjection we veply fhai it is porfectly Teasible to make anopening
200 fiser, wide or more, i necessary, wthough | think 200 wauld be enongh
in one of these dams, eubling it down 4 ov 5 feet, 80 ax fo take off the )il
almost entively. lave this chate opened aud shui by a hydranlic gate,
wanageable by one man, the force being the foree of the wiler always to
work i, nnd througlt which these boats can pass with just as much safoty
and with as little detention ax ihey ean in the open river. I retarning
they retirn empty, and there i no ditficulty ol ol in their hreakiug up
their tows, because they are lght and are not so tightly held together,
andd cin rocform their tows.

fi would save time, because they now eome down Inaded on o vise, and
they go brek cwpty ; but 2-hoal draws about 3 feet, nud very often the
rise, before they ean get back to Pittsburgh, is altogether gone, and the
rviver is dead low.  They sometinies have to lie by for nionths and months,
scattered nlony the river, uutil the next rise takes them back to their
haybour.

But this movable hydraulic gate, on which the whole thing hinges, is an
experiment. Monns for accomplishing thix purpose in a little different way
lias been used on a small seale in vavious vivers in [rance, Germany, Ghis
country, and the Kast Indies, but nothing quite amalogous to what we havo
to bhuild for the Ohip. The maiter has been under the chargo of o bhoard
of engincers, consisting of General Weitzel and myself, for a long time.
We sent inca preliminary report to the last Congress, which unfortunately
was not published, and no action was taken.  In that report we stated our
positive helief that it was perfectly feasible to make such a hydraulic gate,
but before committing ourselves to the great cost of applying the slack-
water system with thig hydraulic gate to the Ohio, we desired to make an

experinment on a smaller seale to some other stream.”

Having in 1874 been directed by Congress to estimate for

“the radical improvement of the Ohio river so as to give
Gor 7 feet of navigation at low water,” Colonel Merrill
submitted, in 1875, the following estimate for providing 6
feet depth by 68 weirs across the river each with a “navi-
gable pass” #00 feet long in it, and a lock at ouce end 680
feet long hetween the hollow quoins and 76 fect wide :—

FINAL ESTIMATE. Dollars.

12 Locks on roek at 178,610 v vruescirvee cvvins cereraens 2,155,320
56 do. gravel at $285,168 . o 15,969,108
8 Navigable passes on rock ...... 522,480
6 do, do. gravel . 5,M5810
6 Low Weirs on rock .., . 332,014
62 do. do. gravel . 5,254,684
3 High Weirs on rock... 231,456
65 do.  do.  gravel 6,462,923
23 Piers on rock...es veees 116,127
13 do.  gravel ... ... 604,663
68 ubutments on gravel ... 705,500
10,840 linear fect of dam acrosgs island-chutos ..ovnvvenr.-.. 847,796

Total cost of radical improvement...

38,696,671
696,671

LOUISVILLE AND PORTLAND CANAIL.

“ The abovo estimate has heen made with a great deal of cave, and in
abont the best that is possible under our present knowledge, 1t is a very
difficult and uncertain task to make estimates for works of such magnitude
in the absence of practical experience in construction of a siugle one, and 1
would not presume to undertake it at the present time, were it not for po-
sitive orders to do so.  Considering the additional difficulties that will be
cncountered below the falls of the Ohio, on account of the short and uwu-
certain season for work, and the enormouns masses of sand that ave trans-
ported by the current, which will undoubtedly canse delays and oxtra
work, I think it would he safer to put the whole estimate at. X 10,000,000,
which is at the rate of 841,365 per mile, the total Iength of the Ohio viver
heing nine hundred and sixty-seven miles. Boaring in mind the enormous

tonnage that would be borne on the river, if it were made navigable

throughout the year, it does not seem unreasonable to request appropri-

ations for ivs improvement at least equal to the sum that would be required
to build a railroad of equal length,”

There secms a probabilibty of this or a somewhat similar
scheme being put in hand before long, it would of course

take many years to complete. At present, with one cxcep--

tion (the Louisville and Portland canal), nothing has heen,
or is heing, done to the river beyond spending from 100,000
200,000 dollars annually in dredging, and removing
ags, and putting up rough stone dykes here and there to
ntract or direct the current—all excellent measures as far
they go, but that is but a little way towards appreciable

provement.

One important work on the river has been carried out, and * Louisville and

1w is the LOUISVILLE AND PORTLAND CANAL round the falls
rapids at Louisville, These extend for about 3 miles, the
al fall in that distance being in very low water 26 feet,
ordinary freshes 14 feet, and in high floods 2 feet. To
n this formidable bar to traffic, a private Company con-
ucted, between the years 1825 and 1831, a canal on the
1th bank of the river with 3 locks of 8 feet lift each, 184
t long, and 50 feet wide. The United States Governmnent
having, in 1867, acquired most of the “stock” of the Com-
pany, undertook the enlargement of the canal and the
building of new locks. The work was delayed by dis-
putes and litigation between the Directors of the original
Company and the Government, but is now complete. It
consists of a dam across the river at the head of the rapids,

* “Visitod 22nd, 23rd, 24th May, 1876.”

Portland canal.
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1omile long and a “combined” lock of 2 chambers.
The amount expended by the United States Government on
those works has been 1,360,740 dollars. What was expended
by the private Company I do not know.

it is built of erib-work holted

a canal 2.1

The dam is 3,300 feet long ;
down to the limestone rock, which bere forms the bed of the
viver.  The maximum height of the dam is 7 feet, its aver-
age Lieight between 4 and 5 feet, hut a navigation opening
of 600 feet in length, with sill 5 feet bhelow crest of dam, is

lett opposite the natural deep channel on the north side of

the river known ag the “Indian Chute,” to allow passage of
boats during moderate freshes. As in very low stages of the
river it is difficult to kecp the water hizh enough in the
canal whilst there is a free passage {or the water through

“this opening, it is intended to close it by a movahle dam

which can be raised or lowered as may be requived, the
desigus for this have not been decided on, but a Committee
of Kngineer officers has recommended a trial of the “ Cha-
noine wickets” in use under somewhat similar cirewminstances
on several of the dams across the “ Scine.” A second navi-
gation opening, 400 fect in length, is to be made opposite
another natural channel in the river, called “ Middle Chute.”

The entrance to the canal is formed by a wing-dam, at
the south end of the main dam, running up-stream some
little distance, and dowu-stream gradually approaching the
shore till at some ! mile below the dam the true canal com-
mences, where arc situated “guard gates,” 19 feet high,
for use if at any time it be required to unwater the canal
whilst the river is low, but the top of them is considerably
Tower than high flood level.  The channel from these gates
is 2 miles long ; it is on the average 86 feet wide with ver-
tical masonry side walls ; much of the lower portion of the
channel is excavated out of the gsolid Iimestone rock. The
depth of water in the canal in Jow water is nominally 6 feet,
but actually it is occasionally Jess; in 1875 it was less than
5 feet for 68 days and less than 4 feet for 23 days.

The lock, which is one of the biggest canal locks in the
world, has two chambers, their combined lifts being 26 feet.
They are cach 372 feet long between the gate quoins and
SO feet wide. They are founded on the solid roek which

LOUISVILLE AND PORTLAND CANAT.

had to be cut out to some depth for them.  The side walls,
30 feet high in upper and 27 feet high in the lower cham-
ber, ave 12 feet thick, vertical on both sides, built of lime-
stone masonry in eement faced with sandstone ashlar, and
backed up with thick dry stone walls.  The head-bay 13 120
feet long, and at 82 feet above the entrance gates of the
upper chamber are “guard gates” with tops above high
tfloods, but not above the kighest known.  Between these
“guard” and the upper chamber gates an iron swing-bridge
crosses the head-bay at 47 feet above its floor.  The middle
sill s 10 fect higher than the lowest one and the upper sill
is 14 feet higher than the middle one.  The plans of this
work, most kindly given me at the office of the Chicf of
Engincers, Washington, and sent herewith, clearly show the
main details of the locks, and the photograph (sec frontis~
picee) will give an idea of the general appearance of the

upper chamber.

The gates are in height—“Guard” 46 feet 1T inches; Upper poek ates.

244 feet; Middle 31 feet; Lower 27 feet 5 the length of cach
leaf is 47 feet 8 inches from heel to mitre.  They are swung
in a way which appears to have been an attempt at a com-
promise between the system of suspension and of resting on
rollers. They have at the bottom of the heel post the usual
“acorn” or pivot and socket, and the top of the heel post is
clasped by a collar anchored back to the wall. At the toc
of the gate is a roller resting and travelling on a rail laid on
the floor of the lock. But it appears as if it was not in-
tended that this should take the full weight of the droop of
the gate, for suspension rods (one on cach side of the gate)
are carried up from near its toe to the top of a mast 27 fect
high, where they areattached toa revolving cap kept direct-
ly over the centre of revolution of the gate by a forward rake
of the mast, which is held in position by iron guy
rods attached to anchors in the masoury. The plans sent
herewith will make these arrangements clear. This sus-
pension gear is too light to take the whole sag of the
gate, and appears to have been intended merely to relieve
the roller and track of some of the weight, but of course this
compromise is not possible in practice; the suspension rods
break if the gate hangs on them, and are therefore worse
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than uscless, the gate settling down cntively on its roller. As
the Ohio often carries greab guantitics of silt, the tracks on
which the wates travel are frequently covered with mud, and
the working of the gates is therehy much obstrueted. The
ditficulty of suspending gates of such groat span as these Is
no doubt, great, ut that it might have heen overcome is
proved, 1 think, by the excellent way in which the « Henry”
locke gates, nearly as large as these, are swang (sce notes on
the improvement of the IHlinois viver.)  The opening and
shutting of the gates is dope by diag chains winding on
drums in chambers in the walls and actuated (rom above hy
the spindle of a eapstan worked by men, with long capstan
bars. The filling and cmptying of the chambers is done
entirely through the gates, there heing in cach leaf 6 vents,
3 feet x 21 feet, closed Ly turning valves worked by rods
from the top of the gates. The plans sent show the con-

struction of the gates.

When T saw the lock worked, 24th May, 1876, the river
was so high that there was no necessity to use the lower
chamber as a lock, the water below and in it standing 15
feet on the middle sill.  The difference of level between
this and the water above upper gates was 13} feet. A
large stern wheel steam-tug had brought down a tow of §
coal barges from Pittsburgh, and I saw her and 5 of the
barges, whicl were all that could get into the lock tozethér
with her, locked through. Ilach of the barges, measured
130 feet x 24 feet, was drawing 7% feet and carrying
11,000 bushels (25 bushels = 1 ton) or say 440 tons of
coal, so that in the lock at one time, besides the steamer,

there were 2,220 tons of coal.  The three boats left to come

“through in the second lockage were larger (one was 179 feet

x 29 feet) and contained 2,300 tons, so in her tow the
steamer had 4,520 tons of coal; this was not considered a
large quantity, tows sometimes being two, three, four and
even ncarly five times as big as this one.  The opening of
the swing-bridge over the upper bay was done in 2} mi-
nutes by two men. It took 35 minutes to break up the tow
and arrange the barges in the chamber; such heavy masses
with such frail easings, require very careful handling. The
upper gates were closed in 6 winutes by 9 men working

LOUISVILLE AND PORTLAND CANAL.

hard at cach leaf capstan.  The emptying of the chamber
took 9 minutes, and the opening of the middle gates was
done with difficulty in 10 minutes by 10 men at cach cap-
stan, It is considered that under favorable circumstances
the passage of the whole canal is done in two hours, of
whicl one hour is occupied in the loeks; but frequently the
clogging of the tracks makes the working of the gates take
longer el that.  On this subject of time of lockage T ap-
pend remarks by Captain Alexander Mackenzie, Corps of
Engineers, to whom I am indehted for great courtesy shown

me when visiting these works which ave under his charge :—

TIME OF LOCKAGE.

“ During the past year records have been kept to determine the time

oceupied in lockages. 1t varies so with difforent stuges of water, that

only an average can be given.

When the usual foree of men ave employed and hoth chambers are nsed,
a Tockage will ocenpy about an hour, or il the water is high and only one
chamber is used, halt an hour ix sulficient.

With an extrn foree of men the time through two chambers ean be redne-
ed to 1'(;1'1)'-1i\‘0 minntes. The opening or closing of cacht gate occupios
seven minutes, and the rest of the time is required for filling and cmptying
the chambers.,

When the canal is elear and only being used hy steam-bonts, the time of
one lockage will give the means of computing the daily capacity of the
locks 5 but when the eanal is being used by tows, there are so many delays
entirely heyond the control of the superintendeut that no computation can
be made,

On Decomber 8 it took five honrs and forty.five minutes to pass tho
steamer Sam Brown and sixteen boats, earrying about 10,700 tons of coal.
But ove lock-chamber was used, and, from the size of the boats, six lock-
ages were necessary.  Nob move than three hours werce consumed in
moving gates and filling and emptying chambers, so that two hours and
three-quarters were required for moving the boats iuto and out of the
locks.

Frequently there are as many as four or five tows, with from fifteen to
twenty boats cach, waiting to pass down through the canal, and, at the
same timo, passenger-boats and upward-bound tows are pressing their
claims. Tows cannot pass cach other excopt at the head or the foot of the
canal, and ordinarily they can only pass stoam-boats ab one intermediato
point.

From the above it will be seen that with the best of management and
perfection in the movements of boats, oceasional delays are unavoidable.

Bue the movement of boats is far fromn perfection. Large tows have
small and frequently o very insafflcient sct of hands; it takes them a long
time to arrange their boats and move through the canal, and often aftor
reaching the locks no means are provided for removing the boats as they
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are passed dhvowgh i i
e who TF AL is Sogey, or if bhero is muel wind, coal)
et e o . ] soal-honls
et ved, and must be held in the basin at. the head ; 0 ¢ il
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night, ready for any bowl thid wished (¢ | o ey
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After every flood there is a large deposit of silt ]
cemul. which has to be removed by dredges.  Ca h;- " o
k()anlC reported that the high flood ofo’?tllx A\(\}: ‘L‘”‘ M't(;_
left in the locks 20,629 cubic yards, averaging 11O‘tttt, 15_“)’
and in the chanunel 24,000 cubic yards. o otk
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The total receipts in ti
dh total receipts in the same year were frot
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RATES OF TOLL, AND CHARGES FOR DRY DOCK

The rates of Ik X 1 v
[ : toll charged during the past year have been as foll
bt : ‘ . S OHows 1 —
geam ])().\t.\., L0 cents per ton l'C;.’;lH(.Ql'(‘.(l under tonnag v
?\I( . - AEC.
ndel hay ged,y 10 cents poer ton registered dey
B " \ 5y }oundey «tommgc.
. al-houts, hats, &e., B cents per ton, measured capacity
N ata of logs . QO s )
b &(,‘{\A“\»l)()l\,tb of Tess than 50 tons and flats of fess than 63 t
T o N B 63 tons, 85
wdts of ‘()g.\, t\u(_'., measurement aud rates the sam F o
o ame ag for CO&I'I)O?ELS,
Boats i Ini
Souts ))chm;:m;.{ to the United States, free.
Use of (ll‘y (\l)(}k, ¢75 per week

The at ate
o %;l ove rates on stear-boats ave the same ag fixed by €
1974 the rates . % 1 ongress M:
1 ’ 1 IS‘ the rates ou conl-boats were increased from § ¢ent th oy
»ww the Seerctivy of War lax i T e
? axt Junuawy ¥ onis
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N ., are measured and their
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§ arry about one wnd

one-half times the amount inc 1CIY casured ander-tonpagoe, s
35 e ount indicated by t 1 lor-t
. )y (1 R 411 8O,
casurea w b M

that the rate fo i
s for their carryiug.-capacity i
g.capacit 0 E
s ot e begon yiug-capacity is about the same as for steam-
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Eaxamples.
e SN
- ¥
Total ton- | Under-ton-
Class. nage or Car- |nage or ton-!
rS/ing-cupaci. nage charged
ty. for,
SQreamer Mouataineer oo RUPURIRRI 585.66 358.81
Sleamer Mary ALCe... a7 559.56 219.73
Model barge Mary oo s AR %06.60 362.53
Model harge, Ni%siwippi'l'mnspm‘t:ltrirm Com-
Py, NOuBL wovieaensasmeeme e 1,012.30 417.16
Square barge, 130 by 24 by Ty ooonr ORI 480.00 2.16.00

i

: —
At the present rate the tolls will amount to about § cent per bushel of
coal, ¥ cent per Larrel of salt, and 6 ccnts per ton of iron orec.

"'he following examples will show the greab reduction in iolls under the

Government management :—

Class. Nane. tloi;[\]i;xo 15\1(11{1;1.%;:;1 | Fﬁi:gz‘i
managenient.” »

B o o
Speant-honl, . e Thompson Deatt.... 496 3195.00 “ :5&)“)-(3\.)
DO e Thos. Shovloek <. 877 434,00 {870
Model barge.c...oeveeee Rubicon...... [P 390 195.00 39.00
Yeuare Barge. .. e 130 by 25 by 7o 239 \ 65.00 | 19.12
Produce-boat ... .....| 100 by 20 by 5.eenee 105 60.00 8.40

e —

e s
Uuder the former manageraent & distinction was made between loaded

and cmpty bargess and T think such an arrangement of tolls would be

more satisfactory than the prosent system of charging & uniform rate.”

During the year 1875 there passed throuch the canal Trafie through
= 2 the canal:

664 steam boats, and 92,216 tow boats and barges of the
total registered or © custom-house” tonnage of 758,359 tons,
but this is far below their carrying capacity (see extract
above). Of the principal commoditics carried on tho Ohio
river, the following quantities passed through the canal in
1875 :—
7,866,650 bushels of coal,

60,000 barrels of salt,

79,177 tens of iron.
The whole quantity of coal which now passes down the Ohio

[T — "

¥ Under main deck, or “ hold,”
38
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CARRIAGE ON THE OHIO. o 53

The following notes and extracts will give an iden of the glllvegfgdlilgg .
wonderful cheapness of carriage on the Ohio system of na-

vigation.
When T was ab Pittsburgh the charges on transport to
o hoat containing 770 tons of conl -from

that place of :
Srownsville, a distance of 56 miles up the Monongahcla and

bobween dams 4 and 5, were —

S Cts.
Steamer charge for LOWING oeesememee 30—00
2—00

"Toll for passing steamer through locks......
.. BO—T5

Total Dollars...141—75
or 320 mills* per ton per mile ; this does not include interest .
on the cost (about 1,200 dollars) of the coal boat or the

Labor employed on it during the trip, which could scarcely
31 mills per ton per mile.

pring the cost up to more than 3%
On the Olio below Pittsburgh the cost s of course much

. ' coal ’ .

Joss—

joht down the Monongahely cither singly or in Extract from
. b I lrepcrt of Mr.

{x of {en or more ab Titgsburgh and ppes D,

Caleula. Roberts.

“rhe barges ave brat
paits and are made up into large flee
then taken in fow by large and mueh more powerlul tow-boats.
vion of cost of towing on the Ohio will generally show that it is no more
than oue (1Y mill pex ton per mile to Cincinuatti and less iu proportion as
greater, as to Louisville, Meenphis or New Orleans. In

the distance is
s to Pittsburgh.

shis is ineluded the cost of returning the empty barge
Statement of
Mr. R. Smith,
of Gincinnatl.

« The cost of moving coal by river averages from 2 to 7 of onc mill per
fon per mile.

to communicate by the Olio river, the

«From the Kanawha' coal mines,
Wb transportation 18

1 the charge per ton for cof
avly 2 mills per ton pe
¢ in favor of clie tiver.

distance is 275 miles, and
50 cents ; being ab the vate of ne v mile by river and
nearly six to on

11°2 mills per ton per mile by rail,
boais to the conl mines.

The viver rates include the cost of returning the
Ohjo and Mississippi rivers,
of water for 1 dollar
This is done in

« From Pittshurgh to New Ovleans vid the
fing gool stages

2 100 miles, coal is transported dm
mill per ton per mile.

60 conts per ton or ab the rato of &
barges and in very large quantitics.”
i from St. Louis to New Orleans

On the lower Mississipp
a steamer with a tow

(1,250 miles) the actual expenses of
of five laden barges (each 1,500 tons) werc found to give
1 wmill per ton per mile, inclusive of interest ou cost of

vessels.
- I

R Mrillg% 5 cent. ‘= say o penny.
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THLE ERIE CANAL AND ITS
BRANCHIES.
Visited 18th—23rd June and 71h—16th July, 1876.)

DO

Tue Great Appalachian range, or Allegheny mountains, Introductory.,

extending from the State of Georgia on the gulf of Mexico
to the river St. Lawrcence, intcrln_).ses a formidable harvrier
to traflic between the Atlantic sea-board and the Western
States of North America. There is, however, in this barrier
one break through which flow the Hudson river and its
tributary the Mohawk s up the channel of the former river
the tides of the Atlantic run for 145 miles, to Albany. From
that place up the valley of the Mohawk and on to lakes
Ontario and Eric there extends in nearly the most direct
Tine, and right through the heart of the State of New York,
a strip of easy country.  Along this the Lrie canal runs,
from Albany to Buffalo on lake Erie, and to Oswego on lake
Ontario, bringing by almost the shortest possible route the
chaiu of the great lakes into direct communication with the
sea, opening up a means of uninterrupted traffic by water
from the very heart of the continent to the ocean, and pro-
viding the vast grain-growing regions of the Western and
North-western States with eheap carriage for their produce
to New York. Though lying entirely within the bound-
aries of one State and carried out by it without any assist-
ance from the National Government, the canal had not long
been constructed before it became the most important line
of artificial communication in the whole of the United
States. From the time of its opening, in 1825, till about
1850, it formed positively the only avenue by which, except
at a prohibitory cost for transit, the markets and ports of the
ast could be reached by the products of the Western and
North-western States, and to it almost entirely was due their
wonderfully rapid development. Its effect upon those
important States, and soupon the material prosperity of the
United States gencerally, and its great commercial and finan-
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eind vesnlts place this eanal in the foromost vank of the
engineering works not only ol the counbry b which it
helongs, but o the whole world. Ty very hiportance.
however, has proved injurions to it drawine it info the
whirlpool of American polities which, to say Lhe deast of it
does not conduce to steady progress, and its financinl pros-
pevity eame near, being its vuin, abtyacting to it swavis of
dishonest speeulators who organized conspiracies or “ rings”
for its robhery. They secured, by claborate systems of
fraud, extravagaut payments for hadly excented and even
nnexeented work, and to increase theiv spoils they forced on,
by political intrigues, the constraetion of useless branches
which have burdened the parent canal with debt, and*ave
now constuming its earnings. The present Governor of New
York State, My, Tilden, takes the ureatest intevest in the
canal and has in the last few years done much towards
dragging it out of the slough mto whicly it had sunk. He
has broken ap the “rings,” he has exposed fraudulent
contracts, and ‘he is doing his bést to introduce a new
style of management: should he be successtul and the
reforms now begun be extended and rendered perma-
nent there is a fature before the canal greater even
than its past, but should corruption he allowed again to
gather round it and the present system be continued of con-
trolling 1t by politicians and constantly changing its manage-
ment both commercial and erglneering, according to the
caprices of popular election, the treatment which it could
thrive in spite of when it was without rivals, will now most
certainly reduce it to a mere burden to the State, and re-
maining unimproved and unequal to the altered requirements
of the day it will be deserted by the western grain trafiic,
for which prize many vivals under management of the most
energetic, bold, and foresecing character are now eagerly
striving,

The construction of the Xrie eanal was begun in July,
1817, and its main line {rom Buftalo to Albany, 363 miles,
was opened at the latter end of 1825, Its prism was 28
feet at bottom, 40 fect at water surface and 4 fect deep.
Its locks were 83 in number with a total lift of 6754
feet, their dimensions 90 feet x 13 fect. The largest

FRIF CANAILL

boats mavieating b were of 76 tous and  the cost of
carriage by them, exchasive of tolls, was ascertained to be
one cent per ton per mile. The actual cost of construetion
was 7,085,789 dollavs, nearly 50 per ceut. mexcess of the
estimabe (BEB20758)  The traflic which crowded to- the
curd soon showed that its dimensions were too smally and,

i 1833 its enlargement was ordered by the State to o size

suitable for boats of 240 tons., During the following 27

years this enlargement was carried out at an expense of
32,008,801 dollars, about 35 per cent. in excess of the esti-
mate (523,402,863.)  The prism was enlarged (exeept for a
few short distances) to 42 feet at hottow, 70 feet ab water
surfhee, with @ nominal depth of 7 feet, and the locks were
made 110 feet x 18 feet, their number being reduced to 71
“hlE” and 2 guard” locks with a total lockage of 654 ¢ fect.
The length of the line was shorteued to 852 mifes. These
alterations cnabled the boats to be increased in size to 98
feet x 17% foet, and in capacity to 240 tons with 61 foet
draught, m(lucing the cost of earriage from 1 cent to under
Smills (I mill = cent) per ton per mile exclusive of tolls.
Subsequently at a cost of 718984 dollavs all the 1ift locks
have been ¢ doubled,” that is, have each had a second cham-
ber built alongside the original one, and by the removal of
“bench walls,” or berms carrying revetment, the bottom

width of the canal has, except in a few places, been increased
to from 52 to 56 feet.

The main line or “trunk” of the Erie canal starts from
the harbor of Buffalo at the cast end of lake Erie (ordinary
sarface level 568.53 4 tide water) just above the head of the
Niagara river. It runs for 4% miles alongside that river,
from which it is separated most of the way by an artificial
wall, to Black Rock harbor, which was the original terminus
of the canal, The average width of the channel for this
distance varies from 80 to 140 feet. Through this the chief
supply for 162 miles of the canal and that for large water-
power mills at Black Rock have to pass, causing an incon-
veniently rapid current ; it is therefore proposed to provide
an entirely separate channel for the mills, I may here
incidentally remark that the growth of mill rights in con-
nection with navigable canals I have found in the United
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States and Canada to be a constant souree of difticully 1
the management of those channcls and of hindrance to their
umprovenent. At “ Black Rock” is a “ship lock™ (200 feet
x 30 feet) for passing lake-going vessels from Niagara river
into Black Rock harbor, through which harbor the canal
runs, and whiclt is therefore at the lake level (minus the
slight fall in the canal), and genervally from 3 to 5 feet above
the river level at the place. At the end of this reach is a
“guard lock,” not shown on the profile, the drop of which
varics from 0 to about 3 feet, according to the lake level ; it
is “ double”™ and between the chambers is o channel 50 feet
wide, closed by a “bulk-head” with 16 cast-iron balance
alves actuated by levers, for passing on supply water,
From Black Rock for 8 miles to Tonawanda, a small port
oun the Niagara river, the canal continnes parallel with and
near to the river with a surface width of 90 fect and a depth
of 8 fect. Tt then turns away from the viver, and for 112
miles to Pendlcton the Tonawanda creek is used, which
gives a surface breadth of from 150 to 200 feet and a depth
of 9 feet.  From thence for 4 miles the canal is in deep
earth cutting, and then enters a rock cutting of nearly 30 feet
deep, through which it continues with 61 fect mean width
(exclusive of tow-path——one—14" wide) for 21 miles to
Lockport.

There, down a rocky govge, is the greatest continuous lock-
age on the canal, 5319 feet being overcowe Ly 5 “ combined”
chambers, below which surfuce level is 51251 + 1. W.
The canal here turns more to the cast and runs nearly
parallel to the south shove of lake Ontario, and at about 10
miles from it, for 62 miles to Rochiester (93 miles from Buf-
fulo, 259 miles from Albany) without any lockage, but with
a bed fall of 212 feet and a surface fall (theoretical) of
3+61 fect, the size of the prism diminishing gradually from
89 feet mean width and 8 fect depth to 62 feet M. V. and
7 fect depth. At tlus place the Genesee river is, at 7 miles
from its mouth on lake Ontario, crossed by a handsome
stone aqueduct.  Dircetly after passing the aqueduct the
canal takes a very sharp curve and runs for a short distance
along the east bank of the Genesee river; it then makes a

* “ Double” in connection with this canal means with 2 chambers side
by side—* combined’” mecans with chambers joined end to end iu flights.
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heavy detour to. the south to avoid the low ground of the

Allen and Irondiquoit crecks, and in the next 49 tiles

descends 1181 feet by means of 14 locks to what is known
as the « Montezuma Level.” This extends, with water sur-
face, 39036 + T. W.to Port Dyron, (158 miles from Buffalo,
194 miles from Albany), and is the last reach which re-
coives lake Erie water. It also receives surplus water
from the two higher reaches east of.it, and itself surpluses
into the « Cayuga and Scneca branch canal” which leaves it
ab Montezuma (153 miles from Buffalo, 199 miles from
Albany) and runs south to the Cayuga, Seneca, and Crooked
lakes. Just west of this canal the Seneea river is crossed

by the «Richmond” aqueduct. At Port Byron there is a .

lock of 11 feet, and 9 miles further on another of 5% feet,
which lift the water surface to 406:86 + T. W., at which
Jevel it continues for about 16 miles to near Geddes. From
liore to the eastern end (Albany) the general dimensions
of the prism of the canal are 56 feet abt bottom, 70 feet at
water surface, dopth 7 feet. Near Geddes the canal is drop-
ped Dby a lock of 61} foeb to 400 + T. W., at which it con-
tinues for 3 miles to Syracuse, (186 miles from Buffalo, 166
miles from Albany), where it is ‘again lifted 27 feet by 3
locks at short intervals to what is ksown as the «“ Long” or
i« Rome Level.”” At Syracuse, just west of the three locks,
the « Oswego branch canal” (38 miles long) comes in from
Jake Obtario and at its junction is a weigh-lock. The
« J.ong” or “ Rome Level” extends to } mile west of Utica,
a distance of nearly 56 miles. Being a “ summit” reach it
can reccive no water from the reaches on either side of 1t,
and is supplied by 13 special feeders with a theoretical
power of supply of 26,820 cubic feet per minute (see table
of Feeders of the Canal) Inconvenience s, however, some-
times felt in. dry seasons from want of water, and heavy or
prolonged winds blowing along this reach seriously affect

the depth at its ends. In this reach, at 217 miles and 227

miles from Buffalo respectively, the “ Oneida Lake” and

« Black River” branch canals come in. From the end of

this reach to tide-water at Albany the descent is continuous

down the valley of the Mohawk. Near Utica (242 miles

from Buffalo, 110 miles from Albany), there is a lock drop-

ping the surface 3 fect to 424 + T. W., and" just below this
1
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lock the Chenango hraneh

canal (97 miles long) conies 1
from the south,

For the next 84 mileg the canal runs neay the south (right)
bank of the Mohawk viver to 4 miles cast of Schencetady,
dropping m the s4 uiles by 28 Jocks at different places to
2298 + T W. It then crosses the river to its loft (north)
bank by a composite (wood and stone)
as the “ Upper Mohawk Aqueduct,”
structure the Mohawlk yiv

aqueduct known
250 yards above this
er is ponded up by a dam of ma-
soury and timber G735 long and 77 ¢ high, and from this a
feeder-is taken oft whicl, vuns alongside the left bank of the
river then under the canal by g masonry tunnel 25" span
and then into the eanal below the lower of 2 locks, of 2
total drop of 23 feet, which are situated just cast of tho
agueduct. The feeder is elosed at its head by a double leaf
balance heam lock gate, 25" span, in each loaf of which are
3 large wickets worked by pinions engaging with iron racks
fastened to wooden spicrs, and it is also blocked at the en-
tranee to the tunnel by a “%Lulk-head,” in which arc 5
large vents closed by shutters worked by screw gearing
The theoretic supply of this “ Rexford Flat Fecder” is 10797
cubic feet per minute, For the next 1
along the left bavk of the river at the foot of steep hills
with considerable rock cutting, or « benching,” in places,
In this distance the channel i scparated from the river only
by the tow-path bank, 14 fect wide at top, and at different,
points there are 4 locks (including the 2 Iagt mentioned),
the water surface dropping to 18833 + T. W
then re-crosses the river by a composite aqueduct, the largest
on the canal, known as the Lower Mohawk Aqueduct.
When going over this part of the line I could sce nothing
in the appearance of the country on the right (south) side
of the river, which suggested the neeessity for incurring the
great expense, both in construction and mai ntenanee, of twice
crossing the river, and on making enquiries I could get no
more satisfactory explanation thap that it w

‘“political reasons.”  After leaving this aqueduct the canal
continues on the same level for about 3 miles and then in 4
miles descends the sl
Hudson, 16

2 miles the canal runs

The canal

as done for

ate rock escarpment which faces the
333 feet (to level 25 + T. W.)) by 16 locks of
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the usual double description and short distances apart. Just
below the lower of these locks is the junction of the Cham-
plain canal, by which water communication is established

with lake Champlain and through it and the Richelien

river and eanals, with the St. Lawrence, between Montreal
and Quebee. Near the juncﬁion of this branch there is a
weigh-lock. At rather more than a mile further on (cast-
wards) in West Troy (7 miles from Albany) is a channel
kunown as the ¢ Upper Side-cut” communicating with the
Tudson by means of two double” locks, of 12 feet drop
cach, about 100 yards apart. Half' a mile or so beyond this
is another similar channel known as the ¢ Lower Side-cut,”
with a “ combined”.lock of two chambers, not < doubled.”
Further on there is a lock of 93 feeb drop, and at 352
miles {rom lake Erie at Buffalo, the canal ends in “ Albany
Basin,” into which it 1is dropped by a combined” lock of
two chambers of 15} feet drop.  The basin is formed by an
cmbankment about § mile in length, a short distance out
from the west shore of the Hudson river, wide openings
being loft at cither end of the bank through which there 1s
free communication between the basin and the river. This
basin and its entrances require froquent dredging.

The prism of the canal, as originally formed, was 28 feet The Prism-

ab bottom, 40 feet at- water surface, 4 feet depth of water:
by the enlargement carried out between 1836 and 1862
these dimensions were increased generally to 42 feet at
bottom, 70 feet at surface of water, and 7 feet depth of
water, (it is doubtful if it was all taken out honestly
to this depth) the revetment to take the wash of waves
being founded only 3 feet below the surface on a berm or
bench from 2 to 3 feet wide, the slope from which down to
bod of canal was 2 to 1. This arvangement was found to
jiterfere so seriously with the progress of boats that the
removal of these ¢ wall benches,” as they are called, was
decided on and they have now been all removed, excepting
for a distance of about 29 miles on the tow-path side and
40 wiles on the «berme” side, bringing the canal toa width
of from 52 to 56 feet at bottom and 70 foet at water surface.
The nature of this alteration will be understood from the
accompanying sheet of cross scctions of the canal.
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The canal has

. he c.m.xl has only one tow-path, the bank on the opposite
side being known as the “berme-bank.” The top f' Ll’
. e - . y - . " ) . ) 0 l(:
foriner is 14 feet wide, of the Jatter 10 feet l

‘ , and they ave
from 2 fect to 3 feet above water surfs o o
). «

. wee, the water slopes®
_ cet ¢ ‘ wa il slopes
being pitched on a slope of from 1 to 1 to 11 to 1, and 1l

rear slopes being 2 to 1. ‘. e e

m O N TNt H
| lhelmost extensive cuts on the line of canal are the one
l v, oy . gl I (L : ( ) l
1(;)\1;3 1 the rocky ridge near Lockport, about 2% miles long
o | : ‘ : 3 S 1ONe
some 30 feet deep, and the one mmmediately west of tlx':'

\ > s Cal‘l ()‘ 3 :
h o o . > y the same dcpth, but

m;ihle'heavi(fstlﬁlling is over the Cayuga marshes where the
anal is carried on an embankment clevated e t:' ] bove
the march, the averare amoun arthow ) “e-}’ e
cubic yards per yard 1‘?1 . 'l’hcl'tc (I)f ;Ilsloth;“{lo:k b("m_g g
embankment « 2,200 feet* long and 80 fe(ct ﬁvy b ot
of the Irondiquoit ereck, which is passed unde{:‘ ;}’VCT‘ -
a stonc-arch culvert of 23" span and 324 i'cét, in ;2]::?':1“’1, "
The total numbers of locks on the Fric canal b . i

of branches) are 71 “lift” locks and 2 « (fufmrd’ge?dl‘{lswe
the main trunk, 4 lift locks on the ¢ side-m?ts:’ at TOC and
West Troy, and one “ship lock”, 200' x 30" at Bl 1lﬁoy o
harbor. ~ All these locks, except the last nam(cd orac'{ e
two in the lower side cut at Troy are «double ’l’:'dtlll]d ﬂ'le
hz:ve two parallel chambers, generally about 80° '1,’ o
of the chambers is 110/ long between the (uo‘h[’”t; eaeh\
wide, ant between them runs a  culvert tlllrouirsh an% '18
when necessary, pagses the feed water to the r?ext‘z .
reach, There is no communication between the chani)l?(:r

]

or between them and the culvert, and they are filled ger
gene- .

rally through “ wickets” in th
e gate o
mally throus gates and through culverts
.All the locks are of masonry, generally of limestone rubb]
v&.nth ashlar facings.  In almost all cases they are built on X
tlll'n})el‘ platform with transverse rows of sheot pilin abouz:.
G deep helow the sills and at each end of the wori The

* Extract from report of J. 1 F 4 D
J. B, Fq A
por 1971, ay, hsq‘a

Division Enginecr, for the

¥ Locks havi
ks having chamboersg { Do
g end to end ina {1 ” i
N . ’ ight” ar ¢
68 combined locks.” ght” arc on this canal call-
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upper sill is kept only about 6 inches below the true bed,
but the floor of the upper bay is at the same level as that of
the chamber ; a breast wall retains the bed of canal, and the
space between it and the lift wall forms a “mud pocket.’
The clapping sills arc invariably of timber framed as trusses
abutting on shoulders in the side walls and bolted down to
the lift walls. The gates are of wood and generally
“ framed,” worked by balance beams, but in some few cases
the upper gates are « tumble” or « Heath gates,” which will
be noticed seperately. Under the arc travelled by the end of
each balance beam is laid arack (a plank with battens
nailed across) into which a pawle near the end of the beam
can be dropped to prevent the gate banging to. The anchor
collars clasp the heel post without any intervening ring, and

the friction therefore is great. The anchors generally have

the ordinary wedges for tightening up, but sometimes have
another arrangement which is simple and for small gates
effoctive. On the gate end of cach anchor strap is forged a
Joop through holes in which pass the ends of the collar strap
terminating in screws with nuts. '

In some cases the top of the mitre posts of intérmediate
gates of combined locks clap against a timber strutted out
from wooden foot, bridges crossing the locks.

The finest flight of combined looks is at Lockport ; it is
of 5 chambers with a total lift 551, The parallel rows of
chambers are 35 apart. The masonry is of limestone,
massive and handsome. The gates are ordinary-framed
ones with balance beams and wickets in them, through
which, as well as through culverts round them, the chambers
are filled and empticd. Over the end of each chamber
is a neat stone foot-bridge with iron railings and lamp
post. The supply water is carried past these locks chiefly
by a slope raceway.

I timed an ordinary canal boat and a steam tug in their
passage through this flight of locks—the former took 36}
minutes, the latter 25 minutes, the difference being due to
the steamer moving directly each gate was opened by her
own motive power without delay, whilst the boat was
« flushed” or « drawn” from chamber to chamber by slightly

opening the wickets, a process requiring cautious move-

ment.
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I visitedd many others of the tocks on the canal, hut there
was nothing aboub their construction requiring separate
notice ; as, however, about the time occupied passing hoats
through locks on our ludian eanals much has been said, T
will here give some of the notes of iy observations on the
subjeet on the Krie canal, and in order to make the subject
compact, I will fuclude with them those made on one of its
principal branches, the < Champlain Canal,” on which the
locks are also 110" x 18, T would premise that in most
cases the lockmen secing that I was timing, appeared to do
their best to show their locks oft to advantage, and that all
my observations were by daylight and that the time requir-
ed to pass boats during the night is on the average onc-
third Jonger thau that vequired in the day —

No. 3 Lock (the lower of a servies of L1 in 4 miles, be-
tween West Troy and Lower Mohawk Aqueduet) lift 11,7
Upper gates open, loaded boat going east- k. an,

wards commenced to enter....... ceeireniennass 42401
Upper gates shub o 4-51

Boat, lowered till deck came even with cop-
ing, then all valves shut, two mules landed
from boat and the two which had becen
towing taken on board ....co.covviveeinein.. 4-52
Re-opened all the wickets (4) ... .o 4-53

5
Commenced to open the lower gates ... .. .o 4-04s
" Boatb clear out coviiveen e eor 4-56
Tutal operation, 65 minutes.
Swme Lock—Upper gates being open,
Boat commenced to enter...ooo e 5
Lower gates open............ e e e e D48

Lock 48 (with upper gates of “tumble” or
“ Heath” pattern, lift 10%).
b m.
Lightly Iaden boat going westwards entered. 11- 93
Upper gates closed (actual closing did not
take L minute) coe.innn. oo 11-10%

Lower gate opening commenced aveivveeneiees 11-121
Boat clear oub............... Ceeeerernteesan eenien . 11-15

Complete operation, 5 minutes.

ERIE CANAL

Lock 49-—Lift 6 (gates ordinary p:xtteull‘) .
i ' ine westwards com- R 9.
Lightly laden boat going westwards

e veesane nrseceesriarane et e 10-42
menced to enter e ceeees veens e

10-46
10-49

Upper gates closed ovieeemerieeees

Lower gates 0pencd  wevvesrue soererme s

Boat clear oub.......
Comyplele operation, 7 awinules.

Lock 17—on “ (lens-Falls” fecder, Champlain -C?m.'ml’,
upper gates «tumble,” (“Heath”) pattern, lift 11,
Toat with 113 tons of coal coming upwards f. m.

.... 85

commenced b0 enLer .oooeiei e . s
Lower gates shub.....c.ooeee TPV PPPPPPN o
Lock fall...oooieninnnns e enareeiene eeraeieees 2

Gate opened in 30 seconds aud hoat clear out 8-13
Totul operation, 8 minutes.

Flight of Locks (3 chambers) at north end of Champlain
Canal, total lift 28.% -

o

£a)
at nmenee enter. o-o
Upper gates open, boat commenced to

SUUTTNUUUUORUO PP 3-52
Upper gates St eeees e e e s 52
..... -0y
Second gates opened ..o vereen 3-354
hut e vianenas meean e . 3395
N , sh 1 ‘ I
Tird cates opencd.. e vorearesees ceians v 9742
Third gates 0pened..cwooeressrt "
» , shubooonenes e
- d i
Lower gates opened....o..o» . T
Boat Clear OUb....caeeaeamemrrmsss

Total time, 20 minutes.

ic iv out 6 minutes a
The above observations would g1ve ab

arri . P 1

lock. but it must be remembered that to arrive at tl;e i(.)tt

ﬁ'ec’tivo capacity of a Jock there must be adied to the time
effective capa

1 h it, the time
actually occupied in passing & hoat through it,

i 0t at before
which must elapse after the passing 01.1t of L‘ch bfnt,thz cnu.
it is possible for another to take up its position Im

trance to the lock. . | )
At a special trial with all preparations made for securing

ahle results, 198 boats were, in 1848, passed through

favor . : .
; mber in 24 hours, or one 1n 71 minutes

single cha
atos have not wickets in them as upper and

No1e.—The two middle g: o ' '
o water is taken round them only, by culvert with two vents.)

lower oues haves;

6o
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Tumble gates.

ERTE CANAL.

The largest number of lockages actually made in one
season ab double lock No. 26 (which has been deseribod as
“in the throat of the canal”) was, in 1852, 42,967, and Ls
that senson was of 239 days duration the daily aver;)we was
150. The largest monthly total at the same lock svus in
October, 1847, 6,930, a daily average of 224, ’

A‘ lock of course delays a boat not only by the time oc-
z;lpled]in :\ft\mllﬁ passing it, but also by the loss of time in
e reduced speed necessary on approachine ¢ i
lTock; the 1053 causcd by tic ]as?;lxs:ci];?f*d?d on th'c
: ¢ los . Jas $ increases posi-
tn.rely wxlth. increased size and burden of boats and relatively
with their increased average speed. The total delay now

- eaused by each lock on the Erie canal is certainly on an

average not much under 15 minutes or 172 lours on the
whole trip from Buffalo to Albany, and this it is improba-

ble will ever be reduced below 10 minutes to cach lock or
11§ hours on the whole trip.

hn'1 upper gates of locks these have many advantages
over the ordinary swi ates ; ly
e ordinary swing gates; they are worked more easily

and quickly, they cost less in construction and maintenance
and they are tighter, ’

The accompanying plan (see No. 54in Vol. of Plans) shows -

the details of ong of these gates fitted to an Erie canal lock in
which there had been formerly one of the ordinary double
leaf swing gates. From this it will be seen that the tumble
gate is In one piece across the full width of the lock, its
bottom is rounded on the lower side fitting accurately into
a corresponding groove in a timber bolted down to the 1ift
wall. At the cnds of the bottom beam are metal journals
working in Dearings fixed in the recesses in the side walls
about which the gate can revolve. When up, it claps at its’.

-sides against two vertical side posts and when down it rests

on the floor of the head-bay, (which has to be as much
below the level of the sill as the thickness of the gate may
require), either on the truss with which in some eases it is
provided at its top or on special wooden studs.  The gate
is planked on cach side of its frame and in the space be-
tween the planking is so loaded, usually with stones, that
when up against its clapping posts it has no tendency to
fall away from them but being drawn forward till out of

ERIE CANAL.

the perpendicular a few degrees, it will sink to the bottom.
To the front side of the top of the gate is attached a chain
which passes down to and round a guide sheave fixed on
the floor of the bay, clear of where the gate falls to, and
then up to a drum actuated by a winch, round which drum
it makes a turn and then passing along the side of the re-
cess over guide wheels passes round another guide sheave
and is attached to the back of the top of the gate.

When the lock is full, a few turns of the winch winding
on the chain which passes through the front guide sheave
drags the gate forward to the angle from which its own
gravity takes it gently to the bottom, where it remains till
the winch being turned the reverse way it is lifted. In
practice I found that the vents for emptying the lock were
génerally commenced to be opened directly a boat had pass-
ed out and the current thereby created closed the upper

"gate itself, so that the gate was worked with but little labor

and attention by one man,

In a fow cases locksmen stated that they did not like
these tumble gates because they frequently got out of order,
but in all such cases I found on enquiring particulars that
it was the valves or wickets, with which these gates were

in all cases combined, and not the gates themselves, thab.

were the sources of trouble. The style of those valves,
closing vents on the floor of the upper bay through which
water drops and passes into the chamber through the lift
wall, will be seen from the drawing, and it is evident that
the long rods with jointed elbow levers by which they are
actuated arc very liable to get out of order and the wickets
themselves must often get jammed by drift. The universal
use of these valves with the tumble gates is doubtless due
to the desire to keep the depression into which the gate falls
quite clear of deposit, but the same result might in most
cases be obtained by vents in the side walls at, or slightly
below, the floor level, and with such arrangements the supe-
riovity of the tumble gates at the upper ends of the Eric
canal locks would be more marked than it now is. Whether
such gates would be equally suitable on eur Godavery and
Kistna canals is doubtful, because on them boats are usually
poled in and outrof the locks.
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Lqucduets.

ERIM CANATL.

vy N " M
e ineipal agueducts over streams aro—

( (1) T'ln: Rochester aqueduct (visited 12-7-76) over the
?encmze viver at Rochester, 259 miles from Albany and 933
. . Ny . ‘ .
rom: Buttalo. This is the Targest masonry agueduct on the
whole eanal. Tt is 829 in extreme length, and across the
stream proper has 7 secgmental arches of 52, span :uu’l I’(.)' I L
:u.ul 5 swaller avches over mill vaces. The abutwents l'M;
]'>1er,?‘ arc ouly about 3' to 6" high from bed of stream :vhm;
15.01 1:1>ck. It has a waterway, 43" wide with two ;i«lc ) :1 i
of 12' cach, only one of which is used as a tow-. )“Lt]ll ‘En l;
thz}t 15 covered with planks and carth, the o:];er , )L;;
being on the coping stones of the side wall: both l)lZL(Ul:‘
have iron rmilings on the outside. Throuch )thc face wi il
ab the uorth-west corner pass four 2’ N ;o
by ‘\"‘LIV(’N worked by screws from the tow-path, through
which water can he discharged into the river. 'I‘l‘lc s »Liu
structure is of well-dressed limestone, and the \\}holc. wl l

e ork
i sadd to have cost 600,000, dollars. '

(). ry . . "

(2) The Richmond aqueduct over the Sencea river
ey o, , n - . - ) )
near Moutezuma,  This is what is known as a « composite”
.;tmc;u;'c, being partly of wood and partly of stonc. The
cneth betwee 3 iugs is ’ . |
. a en ends’of.\vmgs 15 8941 The tow-path with
its parapets, in all 16 wide, is carvied on 81 seerental arches

> < «l ,l

. 99" Wy . 2t
of 22 span and 8'vise.  The duct or “trunk” is a wooder
t 1

trough 50" wide supported on prolongations of the piers (5’
wide,)  The foundations, which are said to cover 2 illcrc: (J
bearing piles on which the piers and abutments rvest ’\’v(iltllc
sheet piling all along the upper and lower faces of t]'l(;“, .lrx
and a planked flooring carvied Dy joists restine on the (_)ll <,
The whole cost of the structure, exclusive of :L;pl‘()‘lcl e '1” "
150,000 dollars. Plan* C in the book of plans acco(m )l':’ ‘Y“S
the Annumal Report of the State Engincer for 185“’I l n{'_“lw'
accompanices these notes, gives the dctails of Hiis \\;(;1-]:v ich

33 m

(3.) The upper Mohawk aqueduct (visited 20-6-76) over
Lhe Mohawk river, 26 i ) i

2 h yer, zo antles 1r ¢ s 1

Mt )¢ les from Albany. This is a “ com-
posite” structure of 14 arches of 3§ span with a duct or
“trunk” 607 long " wi imilar i (
y long and 40" wide, similar in general construc-
ton to the Richmond

jueduet, but the spans being greater

#* Now 35 in Vol of Plans.

2" ivon pipes closed

ERIE CANAL,

the sides of the ¢ trunk” had to be ““trassed” and supported
by straining struts and beams. It is founded on rock.

(4) The Lower Mohawk agueduct (visited 20-6-76), 14
miles from Albany. This is the largest aqueduct on the
anal. It is a “composite” structure, its tow-path being
carried hy 26 stone arches of 38" span and the wooden trunk
bheing L130" long and 40" wide, similar in- design to the last

poticed one. Tt is founded on rock and cost 331,000 dollars.

These composite aqueducts are handsome works viewed
from the side on which the arehes appear, but are the re-
verse when looked at from the other side.  The timber of the
troughs being thoroughly wet on one side and only moist on
the other from splashing and soaking, must rot quickly, as it
bears every appearance of doing, and the maintenance of
guch ducts probably costs more than would the interest on
tho extra cost of masonry ones. I am told, however, that a
wooden trough is less liable to injury when the water n it
freezes than is a masonry one, and is for that rcason prefer-

red by many Awmcrican Engincers.

There are on the Erie canal, exclusive of its branches, 541 Bridges.

bridges, of which 190 are of irom, 1 of stone, and the rest
of wood. The standard headway is 12 feet. There is only
one tow-path under a bridge, the abutment on the other side
being built in the line of the toe of the “berme” bank; the
span is, as a rule, 72 feet, The width of roadway is for
« Farm Bridges” 12 fect; ordinary road bridges 16 feet;
more important road bridges 19 feet ; strect bridges, accord-
ing to circumstances. The wooden bridges are almost in-
variably quecn-post trusscs, of which plans* B and P in
accompanying book of plans give details.  Those for roads
and streets now cost, as 1'ega1'ds the wooden superstructure,
about 850 dollars cach. The life of these bridges, built
as they are of soft wood, is considered to be only 8 years.

The iron bridges are of many different styles and no par-
ticular pattern has been adopted as a standard onc, but I
think, amongst practical men on the canal T found a prefer-
« Whipple’s patent arch truss,” in which the arch

ence for
of castings about 12 fect long, easily handled

A
is made up

* Nog. 34 and 41 in Vol. of Pluus.
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Supplyofwater.  An :1(10(1uuté supply

Erieville
Reservoir.
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:u{d put mgcth._wp, Of this simpleand exeellent hridee details
will be found in plans* D and 15 in nee e ook o

L . ompanyine i
plans issued with Report of the S inget e !
blins s 1 f the State Engineer and Surveyor
or 59.  The cos 1 videre ’
59 The cost of the iron bridees (s -
tures) on the eanal is about 2! ¢ t'o PP
al iy ¢ 24 times that of the v
e) ot ‘ vooden
oues, or about 80 dollars per foot run, A

! street bri i
side walks costs about 10,000 dolars t b“ng i

Tu some of
towns, sucl as Syracuse, swine bridees ("(il e e
i , @ ges are provided for the
chief strects: they av 1 hem, s
s S5 they ave sald to cost for i
s r working them «

! ; 1 “as

much as the interest on 25,000 dollars.” ) i

the canal to take the place of that lost by evaporati
o . aporatior
filtration, leakage, and lockase, is of cours L .
ration ‘ dCy 15 01 course essential, and has
seen arranged for by feeders from lukes, river ifici
beon imaniged | . : akes, rivers, and artificinl
SCIVOILs. rom the {ollowing table, (see page 72), co
. 3, ', » ." * . o : 2 - ’ lll-
piled frow oflicial documents, which shows all the f(’,ul r
v . . . . ' &~ U ‘S
of the canal, it will be scen that by far the greater part of
. : . . . . )
the supply is drawn from various natural lukes lying ab
supply ‘ ‘ akes above
the level of the canal, and- from the Mohawk 1 o
e ol o the . K river near
¢ line runs for upwards of 100 miles. The worl
. . o o ) 1‘ (S
connected with the feeders from the natural lakes are not,
ted, ‘ . Lice 10
of special interest.  From the rivers the supply is obtained
. ly s alnec
by ponding them up by damns of stone and wood simil
] € < v p ’ l
character to that at « Rexford Flats,” of which a
given in the margin, at page 9.+ »

ar in
seetion is

Of the artificial » ;
PESCTVOLYS . s M :
g . i TeServins, the one at Erieville is one of
the rmost interesting, and this I visited .(11—7-7()') It
15 of no . great size, only 340 acres in area, but it has
the considerable average depth of 211 feet and the su“
3 " I3 ‘ x4 y : " )-
p]y is drawn off at a depth of 45 feet from the surfmlce
) . ) (4 3
;n a way not often adopted with such a considerable
1ead, namely ipes runni : | -
) , ¥, l.)?r pipes running through the embankment
and closed ab their owter ends at toe of the embankment, - f01:
copi e o D8 vroan e Yol H :
upwi ds of 25 years this inexpensive method has here l’neen
i use without failure,
In the book of plans, &e i
ans, &e., accompanying !
ot able to cet hold of any co fp 1 TG BTt (e
hot got b any copy of the report) of the State
noineer and ,Sqrveyor for 1859, which is sent with these
* Nos. 36 and 37 in Vol. of Plans.
+ “ L'his refers to the MS. notes.”

of water to the various reaches of

LERIE CANAL,

notes, will be found some details of the discharge pipe ar-
rangements.* The pipes are 22 inches in diameter, set 12
inches apart in a surrounding mass of concretcona stone wall
¢ 8 wide and 4 feet decp, which rests on a wooden floor or. '
platform 7* 8" wide. At the front—réservoir—end of these
pipes is a chamber enclosed by a strainer grating. At their
outer ends these pipes are turned down and discharged into
a 10 feet diametor well, 10 feet deep, from which 2 4-feet
diameter eircular culvert leads to the open channel along
which the water flows to the Cazenovia lake and so to the
canal, at 152 miles from Albany. The end of each of these
pipes passes through an iron casing in which slides an iron
door or valve lifted or foreed down by a screw shaft work-
ing through a revolving screw bos, or nut, turned by mul-

tiplying rack and pinion gearing.

The surplusing provision for the- reservoir I found to
consist of a waste weir with crest 10 feet below top of
embankment and 30 fect in length, over which the water
falls 3 feet into a chamber from which a culvert or tunnel
with semi-circular arch 6' span, side walls 9 high, passes
through a natural spur to its rear slope, and from there a
masonry lined raceway runs down to the channel from the .
discharge pipes.

* < No. 48 in Vol. of Plans.”

e
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Bure CaNAL—Tul/ '
AR LANAL—TLulle of Kunnly of spmio. -
o Supply of waie, e ifs s fliciency for Lochage The navigable capacity of a canal is, of course, restricted Nawgab!ecapa'
U, hetege, city.

— s

1 : Z e canal, which can be passed through its locks in a given time,
~§ E z, _E 215 On the Eric canal, taking 300 as the number of lockages ‘

feeach, ; = Poedons, E%H _. :E whicli canr be made in 24 hours Ly each double lock (an
S é:é °3 % G average of 9 7 minutes to cach lockage) and 200 tons (the

::: ; R ”S:T; average for 1874 was 197 tons) as the load of each boat,
| — Z 23 22 then 60,000 tons is the daily, and 12,600,000 tons the yearly,

Buffalo  1lavhor o oot — capacity of the canal for a scason of 210 days. (The great-
Lockpors Locks ... | 31 ::::Ilff ’(‘;1[11‘, ............ Supply pn (( 1':1)2(11;[1:111 imited est tonnage ever actually carried on the canal and all its
Lockport to Clyde... | 11| o g() ik ()1‘(ltml I «»m{ ‘,' ",',’;’::;:: “ branches In one year was 6,673,370 fons.) DBut the traflic to
(L“d::\‘(‘h 1(;‘;::.:,] ....... 12308 10 pass castwards is greatly in excess of that going west-

I T _BULo wards, and as boats must return, the effective tonnage pass-

“Montesmma” Lovel. | 1] Suply from o VJ,—,H;)Q‘;]"f:H,{),;Hymm o290 | 1a1s ed by each lockage is reduced to the mean between the two
£ Owngeo Lke, “”\ - ‘12;'7' "_’Y;‘;')" e3—No ""Jvlm'- J = loads carried by boats on the “round trip.” For the last 5

Cort Byron o ot 3| o1 fl)jlf\‘llill::jIE‘;::‘-‘I(\»‘]i_,': " 17):3::2:: years, the westward-going traffic has b.een only 1 of.‘ that
4 ;‘::1‘3:::::tt:‘»;‘-‘ \l'h';i«‘ll; -_):NH;(,(,,, going eastward, and were t'he latter to ln-erease the former

{ Ocisco T l;\',,“f:'_ " 'f‘.'i’f:‘,‘l’:: would probably not do so in the same ratio; but assuming

(Cumillus Feoder..... 2160 000 it to do so, then the 300 lockages a day would pass only

(.ngiq to Syracuse| 37,039,560 720000 20730500 | 1 7,875,000 tons l)()th‘ ways a season, and (5,3()(),00(). tons may
.................... 3 g"mﬂyimm vechoson both sidlos—xo 1ok be taken as the ultimate capacity of the canal with its pre-
rJ?nt,ﬁill?yli']{?\’,f,‘: Koo Ta0000 N sent locks for passing western produce to the markets of

DeRuyterand Lime.| 000 the cast. This is more than double the greatest quantity

“I]i‘(??f;’ f?:;”(: R:gnl(:_’ l?l?:f\)'{l‘;!(,(i;l(;]\x\()n 2,160,800 (2,917,074 tons in 1862) hitherto delivered by the canal in
e to Utie...... 56p 614 %j‘::frl‘llr‘)\\‘llr?(ljllt(ué 4,210,800 one season at tide-water, exclusive of that brought to it by
g (C);)x:\,:l\:‘lém (iu k..., 60,800 the Champlain canal which can pass to the Hud.son without

< Delt? }‘(((ui; e fal:;‘;";:)':)’ . using any lock on the main canal. Regarded in this way

mj‘]clf,l,:;:\\ Feeder ltJ " . merely as a question of actual capacity, the canal is large

L Buid’s Creck.. 132:(:’3&8 cnough not only for its present duties but also for those

{ Loviskany Crock..[ 6,192,000 likely to be imposed upon it for many years to come. But

(Chennngo Gana . ;g:p;f?i(g 16,125000 122,199,500 | xgs there arve two othe%‘ clements, intimately connectecll. one with

Hlion Creok... oy 152000 the other, on which the usefulness and prosperity of the

. M ‘f::‘”f{ ]:ll{{lV(l (Li ) ’ canal depend—they are Time and Cost of transport. These,
Utica to Albany...... | 110 9414 Mahawk(R ?,( Ly Rift) {j ):L: 2::)’ it scems probable, could be lessened by merely making the
. ;;J}?I;‘;\"{Ji’(fl“(h;:- 9,792,000 canal really of the full dimensions, especially in depth,
ford Flats)..... .. 116,809,760 which it now is only nominally, and this is what Governor

» o Gohoes | 9,160,500 Tilden considers to be all that is at present required to

_— o l 70,099,200 B1L690,000 (39,310,200 | 1,015 revive the drooping fortunes of the canal. He says, in one
I I R of his messages (dated 5th January, 1875,) to the Legislature

In column §, 1 lockfull take
* Belng o “summit? level

1 as used by ech hoat.

2 UICY wle roditir ¥
, 2 lockages ure required for cack boat that passes through it

to the numbcer of hoats of the largest size plying on the

of the Statc of New York. :—

* % «The waler-way was practically never excavated in every part to



. keger and deeper even than wad intended in the original project.

Time of passing

through canal.

LRIT CANALL,

il proper dimensions. Tine, the action of the elemonds, wnd negloei, of

administration, «ll tend to il it hy deposigs, 1 may bo excused for ves

pritting here what Tsaid in the Constitutional Convention eight yoars ago ;—
“What the Brie eanal wants is more wafer in the Prisng; more watoer in

the water-way.” A great deal of it is not, much more than 6 feet

,ind hoats
drag along o tittle skin of water s wherens it, ought to have 1, bady of waler
Bring
it np Lo 7 feet-honest 7 feet —and on all the levels, wherever Joi ean,
bottom it out; throw the excavalion npon tho banks; increaso the 7 f{oet
toward 8 feet as you can do so brogressively and economically.”
He also says, in another part of the same NeSsAge 1 —
* *  “The question of altering the gates of the locks, or otherwise
Iengthening the chambers, miy be safely deferved uniil we ean be more
sure of ivs utility. ”

That the action advoeated by Mr. Til
the time of transit, veduce the cost of ¢
to some extent the trafie on the canal,

len would Jessen
uriage and inerease
is certain 3 hut unless
the locks be also enlarged T doubt it it will bo possible to
successtully introduce steam as the motive power on the
canal, and by steam alone can be effectod the great saving
in the time of transit which is necessary to enable the canal
to hold its own against the competing railways.  Some
saving might be secured by expediting the lockage, but this
could be but slight and immaterial,

The average time now taken by a fully-laden boat in
going from Buffalo to New York is 13 days, of which 11
days aré consumed on the canal, where the ‘towing is done
by animal power, and 2 days on the ITudson river where it
1s done by steam tugs, which take several boats in tow at
one time. The average speed on the canal (352 miles from
Buffalo to Albany) is therefore 14 mile an hour. Taking
the time due to the lockage as 11 hours, it still leaves the
average speed on the reaches hetween
1 mile an hour. The delay in passing cach lock, mncluding
the loss of time in slackening speed in approaching it, and
in getting way on the bout on leaving it, could searcely be
reduced below 5 minutes, and such reduction would amount
to only 5 hours or a little less than 2 per eent. on the whole
time of transit on the canal, Tt ig evident, thercfore, that
any improvement in speed to be of importance must be
made on the lewel reaches where 98 per cent. of the time is

the locks under
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consumed ; and only by the substitution of steam for animal
power does such an improvement seem possible.

The State of New York, appreciating the importance of this St

c
subject, its Logislature, in the Session of 1871, passed an Act
which provided for—

« Thke payment of 2 reward of 1'()0,000 dollars for the :\ccor.nplishm(?nf; oi'
certain results, under the conditions therein gtated, and which appoin e;
a commission to supervisc the experiments and triz\lls, u-nd ,t’o make such
awards, under the Act, as the resules attained might justify.

A copy of that Act is given asan Appendix.tq these .note.S-
The liberal offer of the State attracted public attention 1n
several countries. In 1871, one steamer was placed on t:he
canal for trial and in the season made two round trips
between New York and Buffalo. She did not, however, ful-
£l the conditions laid down. In the season of 1872, twelve
steamers were placed ou the canal: some soon proved
failures leaving only 8 to compete. The gcinera.l results a,t-
tained by these steamers arc thus summarised in the State

Engineer’s Report for 1874 :—

«1. Tup WiLuiaM Baxter.—This bost left West Troy, on her.ﬁrst t:;lp
wost, on the 29th of August. 1872, and cnded her third round trip at the
same point on the 14th of Novomber.

ingle
Deducting detentions, and allowing ten hours for lockz}gelsl, pcl: sing
trip, bhe average speeds and cargoes of the Baxter were as follqws

Average speed.
Trips. Tons, cargo. Miles an hour.
> 289
First trip West....c.conenn s sannnnn. 102-25
{ 338
First trip easte..ooovieiiviininnine seveenee 20160
: 341
Second trip Wosbee..e.vvreeriieiuiarinnninn 11812
: 306
Socond trip easbe...cves coriiiiiirinnaeiees 201
- 345
Third trip wost. ..o S 1145
. 448
Third trip casbereee. .. oo 201
Mean speed...| - 329

K

eam on the
anal.
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The average cont consumption was 300 pounds per hoat milc.

The power expended appeared Lo vary from abont 23 to

ahout, 33 horses
and the conl consamption about,

35 poundy per horse-power per hour.
The apparent «lip of the serow was found to he

about, 121 1o 33 per
cent., while the weinal slip varied from 233 to

25 per cond,.
The estimaes of the Enginecer showed that Ly the Buxter wystem, o
saving of from 26} 4o 50 per cent. could he effocted in the cost of canal
bransportation
gy I H . Y . ard - 1
The Engineer, in his vreport, said: « As an experiment, at

least, I regard the < Baxter as ewinently successtul,”

2. Tur WirLiam Newsan,—< Thix steamer began her threc
Buffalo on the 31st of August, and completed them at the same point on
the 7th of Novenher,  er general performance is indicated in the fol.

lowing table, in which the speeds are determined as in the caso of the

trips at

Baxter :— :
Trips. Curgo, tons. Qm?:i‘“ S[,I::fld
First trip east.. .. ........ 2016 250
First trip west.... oo 114 281
Second trip east... vveeiviines oo 201 264
Second trip west.............oooevenns 12775 297
Third trip easte......cocoovieri o 2044, 276
Third trip west...on 1019 248
[ —_———
Mean speed...] ... 2727

The average conl consumption was 65:2lbs. per hoat mile.
The power expended was from 30 to 35 horses, while the slip of the
screw was about 12 per cent.

The Newman made an average of 3:26 miles per hour on her easte

rn
trips, betwren Buffalo and Rochester only,

On the third trip west, an
average of 3:02 miles was mado between Utican and Syracuse.  Inno other

case did the Newmaw's speed reach three miles for any considerahle dis-

tance.

3. Tuw Porr ByroN.—This steamer left, West Troy on her first trip, on
the 3rd of July, and completed her third trip at the same point on the
19th of Novembor,

Whilst making an average speed of 29 miles per hour on her last trip
east, the average power cxpended, for the distance of 64 miles, was 48
horses, and the mean slip of tho paddle wheel was 673 per cent. Tho
average coul cousumption was, ab least, 64-4 pounds per boat mile.

ERIE CANAL,

o v b0 CAt W 8
‘ormance v Port Byron, as to cawgoes carvied, and a
The general performanco of the Port Byron,

: ng ¢ 7 e
to gpeeds attained, was as follows

Average speed.
Trips. Cargocs, tons. Milos an hour.
i 0 2-59
Firsh brip Wosto. o 100
2002 2'05
First trip east ..o 2002
60 2:53
Seeond trip wesb....oooinn 12
2002 2:58
Second tripeast...o.oooviorenen e 0
1170 345
Third trip west............ e 7
: 1984 291
Third trip €aste.. ooeeirereriamiioni. 9
9.0]F
Mean speed...| ... 2685

As the power required to move 200 toms westward,
against the current, at the rate of 3 miles an hour, is much
t!'i'ezttcl' than that required to do the same work eastw.ard,
?n which direction is by far the greater movement of freight,

the Committee, towards the end of the season of 1872, passed

the following resolution :—

« Rosolved—That boats making the three round trips fron} Bu}t;lfalot }(]n'
0O ‘;) to the Hudson river and return, as herctofore required by the
sweg

purpose of determining the rate of specd of said boats,

commission for the r to carry

will not be required to continue the trips to New Yot('lk (;w)t'T 1o vo caney
i t deductions fr
b ng west, and tha
more than 100 tons cf cargo go

n npavigating the canals will bo made for passing tho

time consumed i al allow-

locks equal to 20 hours for each trip from Buffalo and proportion
' 5 ”
ance will be made if the trial is from Oswego.™

The time for competition also was extended for a ycar,
and in the season of 1873, six steamers were brought to the

notice of the Commission. - The tables hercto attached are

ic tri Syracuse and
summaries of results of public trials between Syracu

Utica (56 miles), from which trial, however, one of the

i k” a “Baxter” steamer)
steamers (the « City of New York” a “Baxt )]

was absent.

lvd

7
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There were some further trials in which the “ William

Baxter” on a dark stormy night ran from Utica 40 St.

Johnsville, 34 miles, with the following general results :—

Average speed less all detentions. ... . Miles 3,20
. »  » detentions in 12 Locks.. .. » o 303
" i " " other than Tocks n 2,97
) » including all detentions...... » 277

Total time occupied, 12 hours 16 rainutes.
Coal consumption per mile, 18.18 pounds,

\ ..
The Commission then reported, and in

their recommendations the Legisl
ing Act:—

accordance with
ature passed the follow-

“ Section 1.

The Comptreller shall pay William Baxte
representatives,

upon the presentation of the certifics
neer and Surveyor, that the said Wi
season of navigation of eig

r, or his legal
e of the State Engi-
Hiam Baxter has placed during the

hteen handred and seventy-four, upon the canals
of this State,-seven steum boats fully e

quipped, and being in all respects
equal in power and capacity to the steam cunal hoat, City of New York,”
to fulfil the requirements and condition

sixty-cight of the Laws of
thirty.five thousand dollars, And the Comptroller shall in liko manner,
upon the certificate of the State Engincer and Surveyor, pay to David P.
Dobbins, or his legal representatives, whenever he
of navigation of cighteen hundred

8 of chapter eight hundred ang

shall, within the seagon

and seventy-four, have placed upen the
canals of this State, three steam-boats, each fully equipped, and being in

all respects fully cqual in power and capacity to fulfll the requirements
and conditions of chapter eight hundred and sixty-eight of the Laws of
eighteen hundred and scvenly-one, to the steam canal boat “ William Now.
man,” the sum of fifteen thousand dollarg,

“ And the Comptroller shall in like manncer, upon the certificate of the
State Engineer aud Surveyor, pay to Theodore Davis, or hiy 1e

gal repre-
sentatives, whenever he shall, within the scason of n

avigation of eighteen
hundred and seventy-four, have placed upon the canals of tho State, one
steam-hoat, fully equipped, and being in all respects fully equal in power
and capacity to fulfil the requirements and conditions of chapter eight,
hundred and sixty-eight of tho Laws of eighteen hundred

and sevonty-one,
to the steam canal boat “ Central City,” ¢

he sum of five thousand dollars.
Section 2. This Act shall take effcct immediately.”
The conditions of this Act having been complied with, the
payments authorized in it were made,

The ownership of the steamers placed on the canal by
William Baxter and David . Dobbins passed into the
hands of the “Baxter Steam Canal Boat Transportation
Company,” whose operations during the season of 1874

eighteen hundred and seventy-one, the sum of

ERIE CANAL.

- al 4 . . .
oave su 'h 1'OM1S: ()i h g s ] b
o i1 sSuc [) C SUucCce hc e &)tﬂt I‘ll 1neer, 1n nis

report for that year, says:— _
‘[‘ The Baxter boats have demonstrated, beyond reasonable doubt, their

d timates of the Engineer of
ability to not only equal, but to exceed, the Esti g

i and as to econom
the Commission, both as to speed (3 miles an hour) and as y

of movement.” . .

There is no report later than the one just fllxoted ho;n,
and T have, therefore, been unable to ascertain what b’clte
steamers did in the season of 1875; but I regret to SJL e
that the belief, that financially successful steam naviga ?n
of the Erie canal had been secured, has pl‘OV?d delus;ge,ﬁ o;
at the time of my visit (June and July, 1876), 1 c;u rrll
only onc steam-boat running on the canal, and bwz;sh ;h:
formed that the Baxter Company had losif money by heit
boats and had ceased to exist. The truth is, 1 b.eheve, b af
the canal is too shallow for the successf}ll WOI‘kllI'lg (Tn i Ifd
boats carrying cargo and their own motive mac un? )17, ta "
the system of towing strings of. barges by pow.eltud 1?b§
which obtains so largely on the rivers canr.lot be intro luce
on the canal whilst the locks are only big enough{t(i pasz
one boat of a tow at a time, becaust_e the lockz%ge delay o
cach boat would be increased by the 'tlme occupledl in pazz-
ing all the others, and that would be }1lcreased byktl{)a :ei er;
sity of < shifting” (ompty.ing or filling) the lock betw
the passing of each successive boat.

Y D s
A description of the ¢ Baxter ’ tug taken from the report Descrip

of the Engineer of the Commission, dated 18th Feb., 1873,

here follows :— ,
Tho * Baxter” was designed and bu

roward offered by the State, and is, therefore, e e e the
cntirely unlike the ordinary Erie canal boat. e w

i 1 Sneden,
ishkill.on-the-Hudson, by Samue
ing and summer of 1872, at Fis Suode
;‘}:xrmin experienced ship-builder of New York, from a nf;)odels designed by
il ears.
Wi?l;um Baxter, Esq., of Newark, N. J., whose na;ne ;E}T ggafeet 5 inchos;
i i ight are as follows: Len ‘
Her dimensions and weigh ! ' : e
bPenjlth 17 feet ; depth of hold 9 feet; weight, including machinery

ilt expressly to compete for the
a purely experimental boat,

. . ' .
" (tl};;’ bt(;:(lsel": ;Z;t(;:?tesembles the “log-bilge” boaits of the g;:
J c:s?e;n ::nd ,I’ennsylvania, canals, being, however, som.ewhatt :I};m};ps; ohan

Her bottom is perfectly flat, and her s1'des, 8 -
o bo_“f’s' that she has a uniform horizontal section from her .0 om
o tv er;;caf“:,;ts?lraft Above this, the sides are carried out, forming an
Hp 4] & .

i i deck
h at the atern, for the pIOtectlon Of the screw and to give
overnang v

rooni.

81

tion of
xter.”
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The { i 10ns h] mersed portion o Xter's 1
form and dimensiong { f 3 | '
C Q of the i
poriic the Das to

are the same at bov y if

i :m"](\: ;:ltdh istl:‘m; S0 Lh:n,v, it a line be drawn athwart tho
stern.post, such Tino woul((\‘ (;;::(’1::1(110 mlid_‘?mty o o st i the
Do e e wou . g : planinto two equal and symmoebric:

lmm o m‘:ri(qm(‘,o:.n (?1vg(‘3 {r."mn. points distant twenty feet )fr()m :nlut‘hl:
prom and st » urves of thirty feet vadii.  The areq of the B @

’ nois LA0R.078 square feel.  Hoer displacement B,
feel of water, is therefore 8048468 cubic l'(\(;t o
currying eapacity 206.815 tons. carie
draw 5 feet 10 inches of water.*®
dimensions of the Baxter’s plans

when drawing six
o » Or 26L015 tons, and Lee
16‘;1(:(:::‘:‘;;:;:1;: {;2;)0 tons, she should

; ¢ deduced from the

b Ve i
! . o It 18, howe er, stated “ld.t, a8 a matter
C act, when cart ying ons she draws Ullly 5 feot 8} inches f water.
ff 201 b3 €8 te

The machi 'y, which was i Yy N
1¢ machinery, which was built by the Fishkin Landin
B o

pany, consist of a Baxter upright cylindric Machine Com-

al boiler nnd a puir of Baxter

together with the coal-Lunker

occupy a space of 14 fect in longth 'Lf,;
)i

componnd condensing engines; these
omponnd eo %3 these,
engineers’ berths and water-closet,
the stern. ’

The boiler is about 7 feet high and has

inches ; an external diameter of 464

the five-grate ig 27 i i

grate is 27 inches in dia
o ‘ : % ameter, »
ber about 2 feet high; from tho up e
somewhat lavger than the fire.grate

. : H .
through 84 two-inch tubog 184

combustion chiam-
e -4
per portion of the latter, which is
tho pr : it
e e products of combustion descond
inches long, after i '
ol e £, after which tlhiey entor ;
gh an annular space about 3} inches wide, to th e
$ 10 81 i
y toke pipo,

whence they escs :
2 ap M N
red to is ayscc ld(? into the air.  Qutside of the aynular space just ref
R Oon ar 8T .
L annular space § of an inch wide, tl Just refer
steam passes and js » through which the

reheated on its way fr .
eylinder. 1ts way from the high to the low pressure

T G L

- lle :»01101 was originally covered with felt, and thor gh
w‘oo( » but as the latter was found to bo liable to tak e
¥ 8} chice i e
sive heat to which it was exposed, it was remov d,
felt substituted in its place. o,

c ly lagged with
fire from the cxces.
d the “salumander’
: amandor’’
o By this means, the loss of heat by radi: o
o the | n which :1‘11 the other boilers have suffercd .
a3 effectually prevented. Altogether, the Baxtey’ Coror
economical for a power suit i ) ‘
ed to its capaci
duty required of it ot o

from the hoiler, o

! less,
8 boiler is remarkably
it is too small for the

, and it has been £
ound necessar
3sary to keop th
o small

blower (a part of th i
i ¢ original design) con .
nink . istantly run i
whli(‘ol t‘h(‘ ”Llc?sbmy amount of steam. The smorfab w;:;:lg’t]lx.l ordor to
’ht wWas 1 s
e ':9 driven by a belt from one of the serew shafts—} ‘;‘1 blower—
rder t, . . s—hu
er to produco the desired result, was such that e%pccfdzl oo,
s CF 1nlly at night,

a gtream of flame wag
g scen frequently issui
suing from the top of
> top of the smoke

})i[)(}. In conscquence of thig R8s of cuicienc f th fi
is losg o heat, th
o cffici 141 O:. i
> y ¢] bOllOl’ was

areas of tho grate ;
vely. grate and hoatmg surfaces

of course seriously impaired. The
are 4, and 160 square feet, respecti

The cylinders, which are vertical are attached t
R attache

bmler, and are icketed H the ;ackets
pipes at o ttom as to 8 3 ) 1VOo 8steam
t and bott , 80 to ins ure a constant supply of -1 t

to the outside, ag W e hi gh and low
& y ¢ oll as to tho inqid £ i
\ o) s1de of the cylmdors. Th i
}' ressure cylinders are 7 and 12 lllChCS in diamoter respoctivo;y and lt} ¢}
* Six iHChOS iﬂl’ " i Vi : ,l l
mersion of tlle (o) erhunging stern is not incly (lcd

b o cither gido of tho
oing connected to the boiler by

ERIE CANAL.

stroko of the piston is 12 inches ; the admission of steam to hoth is sup-
pressed ab three-fourths the stroke, by lap upon the slide valves, which are
worked by the ordinary link motion.

The condenser, which is exceedingly cheap and simple, as well as moder-
ately efficient, consists simply of an extension of the exhaast from tho
cylinder through the sido of the boat, where it connects with
a three-inch iron pipe which passes around the stern and enters upon the
opposite side, where o small air pump is loeated, and operated by a crank
attachoed to the inboard end of the starhoard shaft. The condensation is
action of the water in the canal upon the exterior surface

The vacuum which is obtainod by this means

low pressure

effected by the
of the pipe outside the boat.
varies from 12 to 22 inches, depending upon the temperature of the water,

quantity of steam used, cte. The water of condensation iz, of coursc,

reburned directly to the boiler, and tho necessity of supplying it from the
muddy water of the canal cntirely obviated. In the case of the ¢ Baxter”
the loss from leakage was a little more than veplaced by a trifling Jeak n
a joint of the condenser pipe, outside the boat, through which a very small
quantity of water was forced inward by the excess of external pressure.
This is an important feature of the Baxter plan, as by it the accumulation

of mud in the boiler is almost, and may be, wholly prevented.

The Baster is propelied by two three-bladed true screws, 44 feet in
dinmeter and 4 feet piteh, placed on cach side of the stern, and revolving
toward cach other at the bottom; aniform motion of the two being
seenred by a cross-shaft and mitre wheels. The dise arca of the two

serows is 147 square feet, or 14 per cent. of the immersed midship sce-

tion when the boat is loaded.

The reversing lever, throttle valve and steam whistle are all so arranged

as to be within easy reach of the steersman, and the steam and vacuum
o he easily scen from the wheel, so that a
rsman and cngineer at the

Lis whole attention and

ganges are so disposcd as t
gingle person may perform the duties of stee
same timne; tho fircman being thuy free to give
time to the fire, and to keeping the engines properly oiled.”

The * Belgian” or ¢ Cable” system of steam-towing has

« New York Steam Cable Company”™ having laid a cable
from Buffalo to Lockport (31 miles), and for two or three
A trial of one of these
B. M. Greene, dated

years kept two tugs working on it.
tugs is thus described in a report of Mr.
17th Feb,, 1874 :—

« At 10 A. M., tho “ Caleb” left Lockport light

7 miles, ab 11-145 A, M. The average speed between these points was, there-
At 12-30 p. M., 4501bs. of coal had been uscd in

At this time a boat carrying 100 tons was taken
M.; the Calch having made

and reached Pendleton,

fore, 5.26 miles per hour.

running abount 11 miles.

iu tow and Tonawanda was reached at 3-10 P,

an averago of 3.6 miles per hour, including detontions, with a consump-

tion of lbs, 800 of coal ina distance of 19 miles. The last 8 miles was

made in 2 hours 40 minutes with one boat in tow and with a consumption
L

&3

Belgian sys-
temg_of stes;m-

also teceived a trial on this canal, a Company called the towing.
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of The. 850 of conl.  Here we fmve aspead of 3 miles per hour, with a conl

cousumption of s 437 per mile, AL Tonawanda four 200 Lon hoats were
added to the tow which then consisiod of § hoats curying 875 tons of
earro. The tow loft Tonawanda at 8-15 e, w, and reached Black Rock,
8 miles distant, ab 7-20 v. 8, The avern e speed between Tonawauda ad
Black Rock was, therefore, 2,23 miles por hours The coal eonsumption he-
tween the same points wis Thas 1100, ov 137500 per mile, cquivalont tu
27.51h4 per mile for cach boat exclisive of the {ug”

In the same veport My, Greene gives the following des-
cription of the tugs —

Beseription of  * These tugs ave fitted up as propellers, with the ordinary engine, having
Cable-tugs.

o eylindor 137 X 13%, and a screw 4} foct in diameter at the stern; besides
which there are placed, near the eentre of the tug, the hoiler and the tow-
ing machinery proper. This towing machinery consists of two ongines,
which, upon tho tug “M. M. Cueh” are 10 inches in diameter by 12
inches stroke of piston. These are connected ab right angles, and upon
the main shatt there is provided n gear-wheel, which admits of being so
adjusted bo a train of wheels that the mation of the engine may he reduc-
ed, cither i the watio of 3 to Lorof 6to 1, ax may he required by tho
varying duty of the tug.

For Lewvy tows and low sperdy; the ratio of 3 to 1 18 employed; while
for light tows and higher vdes of speed, the ratio of 6 to 1 s cuployed.

Upon one side of the tug ave placed, aé bow and stern, gnide pulleys,
about 16 tuches in diatcior, the frames of which admit of free motion in
all divections laterally.  The cable, after passing over the pulley at tho
bow, passes under a tightening palley about 6 fect in dinmeter; thence it
passes over the  clip-denm,” which is 6 feet in diameter, and placed near-
ly amidships; thence wnder a sccond tightening pulloy, similar to the tirst,
and finally over the guide pulley ab the scern.

The “elip-dvam” iy provided with, and takes its name from, a series of
clips about its eutire cireum{orence, which are so arranged that the cable,
asg it reaches the drum, s scized and held fivnly until it i3 whout to pass
off upon the opposite side, when it is promptly released.

The boiler of the Caleh is horizontal, relurn tubular, about 5 feet in

diameter and 11 feet loug. The fire grate is 4 feet 6 inches wido, and 5

feet 3 inches long, containing 2363 square feet. The tubes are 34 in

number, 21 inches in diameter, and 4 foot long.  The return tubes are 4k

in number, 23 inches in dinmeter, and 19 feet long.”

The ceonomical application of power by this system is
undoubted, but there are great practical difliculties in work-
ing it where there are many locks, and theloss of time that
would be cansed at cach of the present sized locks by the
detention of whole tows, whilst all the boats composing ib
passed separately, is in itself cnough to prevent the success
of any tug service. The system, thercefore, has never been
extended beyond the Lockport locks, and when I was there
only one of the tugs was on the canal, and that onc, I was
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informed, only occasionally found employment and scarcely
paid working expenscs.
The boats now in usc on the canal are all flat-bottomed Boats.
and generally of the cross scetion shown in attached sketch.
The average measured tonnage of the great majority of them
is bowteen 200 tons and 240 tons, and the actual cargoes
carricd by all boats averaged, in 1873, 213 tons and in 1874,
197 tons. They are towed by horses or mules, generally by
two, which arc mostly hired, but sometimes belong to the
boatmen, in which cases four animals are kept, two getting
their food and rest on board, whilst the other two are track-
ing, changes being made at locks or other convenient places.
The number of boats plying regularly on the canal is between
6,000 and 7,000, and they are said to give employment direct-
ly to about 30,000 persons, and indirectly to 20,000 others.
The total cost of the construction of the Erie canal (exclu- Cost of con-
sive of branches) to end of 1874 was 49,058,865 dollars. '

The tolls of the canal (exclusive of branches) were, in Income from
tolls.

1826, 68,076 dollars and they increased year by year till,
in 1862, they reached 4,792,535 dollars, since which they
have gradually declined till, in 1874, they were 2,377,762
dollars,

The total cost of maintenance and total receipts to date T Cost of main-
am not aware of, but to close of the fiscal year 1866, they

stood thus :(—

Dollars.
Total expenditure for construction, Espenditure.
maintenance and repairs, together
with interest . 140,430,953
Receipts from tolls, with interest ... '181.828,604 Receipts.
Profits.

Net profit from Erie canal, exclusive

of branches | 41,397,651

The profit, therefore, to that date had amounted to nearly
30 pev cent., and this notwithstanding the fraud and pecula-
tion which have added millions of dollars to the proper cost

of the canal.
have cnveloped the canal do not form apuses from

The abuses which i
1 : . whic e
a pleasant subject to dwell on, but without some notice of ganal has suf-
M . ered.
ved at of the inherent

them no adequate idea can be ain
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value and the vitality of the work which hag in spite of
them not only lived, hut has proved a greab financial sneeess,
For this reason 1 give the following extracts {rom a letter,
dated 19¢h March, 1875, from Governor Tilden to the Lewis-
turc of New York State. They contain a few samples of the
system of feaud by which for years the divect robhery of the
canal has heen effoeted - —

“The conxtitation of the Stado provides that “all contr
or materials on any canal shall he made with {he p

acta for work
erson who shall offer
to do or provide the same at the lowest, prive, with aldeguate security for
theiv perfornamce”  Thiv requirenient was intendod to proteet ihe Niato
from extravagant contracts; but by artful bids, and in somo enses by
frandulent combinations, it is made an instrument to defeat the very end
had in view by ifs authors: 1 have examined moro than one hundred con-

tracts, and T find thaw most are go conivived that not only docs the State

in the end puy from two to fon tines the amonnt. of ihe conbraer, hut
that the work s not given to the lowest bidder in fiet, although it may be
in form. Thix resalt is hrought ahout hy the following contrivance :

When the Fugineer's estimato of quantities and kinds of naterial are
published by tlm'Uonnuisr‘,immr.\‘, the contractor will find out, by collusion,
orin some other wiy, what quantities of cach kind of work or it erial
will, in fact, be requived, or he will xeo what influence ho ean exert to
change the contract after it is wade.  [f it is changed, no new letting is
hiad, but he claims the job as lis vight,

He then puts in-his bid, offering to do such work or 1o tarnish

sueh
material as he finds will not be required at all, or in small quantities, af,

absurdly low prices, al a quarter or, in some cases, at a twentioth part of
its cost. The items which will be required in full) and probably

n oxtra
quantitics, he will put at unreasonably high rates

» and it turns out. thai,
what ihe contractor offers at low prices, is called for in sm

all gquantitics,
if ai all, while those which ave put at hieh wices ar
b ] N [l [

© not only required in
full, but in most oases in extraordinary quantities.
An example will more clearly illusivato how the Stabo is

defraunded by
these devices,

The Engineer having estimaiod cortain work and materials as follows ;

100 cubic yards of vertienl wall at $ i $300—00
3,855 ) slope wall at 8 1-50 . 5,782—50
2400 feet B. DL white vk, wk S 50 [20—¢(y

60,000 . hemlock, a § 15 e 900—00
Total estimate ..., § 7,102—50
A’s bid for the Job at theso rates amouanted to.... .. 7,102—50
BEREL

B’s hid for the same was, for
100 cubic yards vertical wall, at $ 6.............. .. . $ 600—00
3,855 ' slope wall nt 30 conts, v L1H56—50
2,400 feet, B. M. white oak, at § 70 . 165—00
62,000 ' hewmloek, at $ .. . 180—00
and aggregated,., ..., uiveees ot erea e e ba e 2,104—50

ERIE CANAL,

The proposal of B., apparcntly so :}dv:xumgen:s to thl? Stia't’(:, g@i
accepted, and the contract awarded to him as the lowest _1( u . u1
afterwaeds, by sonte influence, it was decided to m:-\ke only ;'m.t,lca” anc
no slope wall, and to use ouly oak and no hon.\l()ck titaber, T lf.)l(“, \\"15 no
re-letting, although the agreement had been in fact 1‘ev:1mpo:d into a new
and different eontract, which enabled B. to eollect from t.ho (Smte for

3,955 cubic yards of vertical wall, at 86 eennnn. H23,730—-00
62,400 {eet B‘, M. whitc oalk, at § 4,368—00

R 28,008—00
TG MU Of tiiii vrars casene vovvan senase vossro nessnasotsnnss 7 , -

It will bo seen that in such transactions—and they are m.mmrous—l‘n
violation of the constitution, the contractor gets the work \vxthotuAf;»thclu?
having been in fact any public letting, or any chance for competition by

hers.
otF()r the purpose of showing actual results of the system,' II Smte,tfl.ui
ten cases, which give the amount the State has paid on certair
ith the sum for which the contractor agreed to

following

contracts in comparison w h t .

do the work at tho Iottings made by the Commissioners :— » '
Amount of coutract npor Amount actnally paid

<hibited quantities at by the State up tg)
OA\hlB:n(xt(r::izt price. February Est, 1875.
Contract No. 1.... § 71.183—40 3 45311472

Dirre e e 20,431—00 56,515—68

’ 37,871--00 110,320—13
) 10,617—00 49,936—30
N 14,397—00 78 967 —20
. 85,562—50 220,614—5S
¥ 31,286—00 130,217—45
. 36,581—00 222,610—63
i 9,504—00 41,127—55
* 45,300—00 191,915—55
$ 424,735—90 $ 1,560,769 -84

These show that the State has already paid nearly four times the amount

which was involved by the terms of the contracts, and though the excess
which was > .

amonnts to more than a million of dollars, some of the expenditures are
still going on with no prospect of completion. Tt z?lso appears tl'mt of
Ll/\c e:punditures of § 424,736, less than 4rd was submitted to a public let«
ting.”

i i ilti f dollars thus fraudu-
Notwithstanding all the m1]1.10ns of do fraud
lently added to its cost, the Erie canal itself has been, as
shown above, a great financial success and commercially its
value has been, and still is, enormous. ~ With referen?e tg
this it has been said, with perhapsslight exaggeration,
¢ The financial results of the Erie canal, are howev?r,
of small moment in comparison with its commercial

' ¢ . ‘-
results, the grandest of any material enterprise of modern
b : :
% Extract [rom Report of ¢ Select Committee on Transportation.”
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times.  Clonneeting the ocean with the oreat lakes which
interlace the heart of the continent, it developed the possi=
bilities of the most productive areaon the face of the globe,
the value of merchandize transported on the canals to the
end of the year 1872 having amounted to the enorimous sum
of 6,065,060,698 dollars.”

The total teaflic on the Erie canal and its hranches from
1837 to 1874 is shown in the followi ing table taken from the
Report of the State Auditor for the year 1874 :—
STATEMENT of the tows of property wored an all the canls

5, eonpretsed in the
Frie Capal sysiemn.

Other

YEAR. Erie.  [C ain. Oswe
rie. {Champlain. SWEBO- | prnches,

Total tons.

667,151 261 .6 ;f) 161,353 SHLIA3 | L171.296
THRIS : 222,607 ON,9T3 | 1,333,011
815,007 0 221,014, 106,140 1,135,713
S20 960 oin, ))q 219,627 121,230 ) 1416048
006,142 zm 118 135,659 208,112 |,.)-1 661
712,310 23034 1 129,495 160,279 | 1,236,931
819,216 262,212 210,571 191,440 1,513,-139
915,914 260,516 326,607 271,480 | 1,816,556

1,038,700 266,922 340,481 331,462 | 1,977,565

1,261 108 280,480 351,511 372,263 | 2268 662

1,661,575 313,124 41,096 454,015 | 2,869,810

1,599,965 293,889 490,147 412,239 | 2,796,230

1,622 444 821.315 557,637 393,306 | 2,894,732

1,635,089 460,219 583,316 397,963 | 3,076,617

1,955,265 513,793 676,321 437,351 | 3,582,733

2,120,334 531,001 615,191 518,915 | 3,863,441

2,196,308 60,351 761,276 681,915 4,24.7,853

2,221,008 602.913 611,533 727,108 | 4,165,862

2,202.163 | 537,108 | 654899 | 625,617 | 4,022.617

2,107,678 611,610 657,381 739,413 | 4,116,082

1,566,624 517,236 605,218 624,983 | 3.344,061

1,767,001 608,918 688,060 600,370 | 3,665.192

1,753,951 751,046 612,390 661,291, 3,781,684

),z.r.; 533 651,157 | 1,080,076 635,448 | 4,650,214

2,500,782 515,930 852,920 608,003 | 4,507 635

3,201,277 617,318 | 1,063,413 693,777 | 5,598 785

2,9.;5 202 878,920 992,173 731,297 | 5,557,692

RE 846,790 765,007 705262 1 1.859.911
2,523, 1()0 815,311 826,649 565,201

2,506,027 | 1,001,493 990,509 906,801

2,920 578 1 1047440 | 9,136 | TS0, 1577

3,316,956 | 1,120,685 958,414 | 1,016 210 4 2

2,815,072 | 1,059,334 934,638 | 1,020,086 | 5, e 50, 080

3,088,182 | 1,143,719 | 917,729 | 1,020,140 | 6,173,769

3,580,922 | 1,099,995 911,855 915113 1 6,167 588

3,562,560 | 1,419,528 832,490 828,792 | 6,873,370

3,602.525 1 1,105,390 655,555 14,2749 | 6,261,782

3,007,122 | 1,268,292 665,108 773,766 | 5,801,688

The following table (from 1cpmt of the State Audltor)
gives the dehvencs at tide-water from the Erie canal, ex-

ERIE CANAL. §9

clusive of what came over the Champlain canal, from 1837 to

1874 :—
TOTAT TONS of each class of articles that came to the 1ndson viver from the Erie

canal, fronm 1837 to 1874, Loth uu(u\u/ u(]usu( of the Champluin canal.
. , Jron 18!

“Products Arrllcul- Manufac. Mer- Other

an- R Total.
] ] " ihe " chan- | los. To
YEARS. (1)'{»1-(1,-;;. ‘ ture. tures. dine, |Articles
151,611 8,350 856 SLA38| 387,506
198,961 72290 288l 38,778 419,219

(572 G660 405 35866 353,267
}Suj:,:: ): 6,655 26| 256271 467,315
237,520 "()o"’() 12,778 142 1(:,“30 532,520
156,601 257028 10408l 143) 24951 480,149
030,555 ss3,965) 23512 131 33,116 635,315
356874 8718260 28,1320 236 42,918 799,816
4200900 430.454) 43,181 206 65,556 939,590
JOTSIS| 6lzp85.  BL5G1) 222 52,054 1017270
415,975 §75,365 25,755 690 8&,:4}/ 1,-1.3\1,:.::,5
406,982 674194)  245L4] 206 78,351 1,184,337
4421080 736009 21340] 205 6LOBH 1,266,724
597,956  6u2753 23005 201 57,884 1371859
552,315 856,127 205720 247l 70,086 1,503,677
52 915,367 35,871] 4,591} 61,101} 1,654,699
835,301 895,672 37,098 6,302 77_,06'% 1,§'ol,«'l_<3'8
733,367 826,025 27,080 6,133] 105,086 1,702,693
569,050 753,277 23,159 9,400 (),3,799 1,420,7.10
509,105 981311 20.207| 7,360 T38| 1,557,130
BOSA2S|  5L67HD 23825 8,115 65,076 L117,199
B3G50 SATAR0 36938 6,067 57,69z 1,196,687
776,855 ooyoml 23,518] 5,176 110,780 1451333
L9z 1,207,227 20,943) 3,164 110,335 2,276,061
120321 1571728 24,106] 1,359 122,798) 4,449,609
706,602 2,057,347 19,559 1,949 101,618 2,911,024
6822150 1,800,911 25,941 2,67d| 126915 2,617,639
716,017) 1,213,087 56,223) 1826/ 129,501 2,146,6&
627,089 1,302,711 33,996 1,181 113,184 2,0?8,36
508,050 1,487,068 44,910| 2,083 181,523 2,5223,614
837,581 1,000,983 50,020 1,931 236,504 2,226,112
911588 1,187,501 63421 2388 213,674 2378572
S7aA31 1,035,982 67,267 L947) 259,112 2,257,689
956,139 102,458 72,315 2,832] 234,924] 2,200,608
816,302 1,530,243 78,177 2,747| 211,008 2,648,877
890,110] 1,480,580 60,993 3,156/ 235,236/ 2,670,403
925,535 1,306,236) 39,237 4,587| 219,760 2,585,3(5;
655,201 1,420,514 27,5000 6,210 251,722 2,370,29

R

Tomllsf;;{?&?ﬁ 21,719,643 31,167,160 1,228,049| 97,677|4,170,439| 01,676,887

B £ 5 1,623,076
Yoarly averago............ 571,568 907,031 32,159 2,570, 109,748) 1,623,

Por cent of cach class.... 35.20 55.89 1.98) 0.16 6.78 100.00

Average from
1837 covle;fi—s years.... 188,885 207,034 8,339] 257 84,073| 438,671

= . =
1812 to 1846—5 years.... 316,238] 408,252 28,025| 188) 43,731 796,434

1817 to 1851—5 years.... 489,073, 766,589 25,509] 328} 70,770 1,352,569

1852 to 1856—5 years.... 655,924, 872,930 28,694 6,9201 76,977| 1,641,335

1857 to 1861—56 years....|  612,530( 1,009,612 25924 4776| 105,336 1,758,178

1862 to 18668—5 years.... 707,993 1,586,021l 36,118| 1,942} 130,614] 2,162,688

1867 to 1874—8 years....| 853,302 1,276,684 57,381 3,266] 232,867) 2,428,500
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ggﬂ,(’f Trans- Tt js stated in evidence given before the « Committee on
Transportation Routes” th.Lt the opening of the Krie canal
immediately reduced < the transportation ¥ * % ¥
a ton of merchandise between Albany and Buttalo from 70
dollars to 7 dollars a ton.”  Before the enlavoement of the
canal, when the boats were of only 70 tons |nml< ', the cost
of hanspmt was, exclusive of tnlls about I cent. a ton a
mile; after the enlargement it rapidly fell to a little over
4% mills per ton per mile, and for the Tast 5 years the average
for freights both castward and westward-going has }mn
’I\L]lh!\ e of tolls, 5% mills per ton per mile.

The following tables are from the « Report of State Audi-
tor, 18747

Ue prsiont rer roN | DOwN mosrany re

FROM ALEANY 10 TON FROM BUrrano
Bueeato, To ALBANY,
YEAR. T N A
. w0 -
2| P
R B
£ - oS
— v P
== <A
SE | 58

i
i
1
|
'
l

:
7
#;
<8
T

B ocis] B et
18.650 9.58H A 474 410
IROD) 6.57 1 11 A3 745 \ 328

Average from 1830 to 1833, 4 yemrs... ........
Average from 1834 Lo 1887, & yeurs
Average from 1838 to 181, 4 yoears
Average from 1842 to 1815, 4 yoars..
Aveyaee from 1816 to 1849, 4
Average from 1850 to 18.)8 4 year:
Awmtm from 1854 to 1857, 4 years. .
Average from 1858 to 1861, 4 years.............

x
%

JE600 657 1 053 6L 328 | 8.60
....... 1175 6.57 nAsl sast 328 | 2.66
....... TR ARD ] $.03 ) B0 | 292 | 28
6.05) 3.76 1 2200 507 | 247 1 270
5.05 2.92 2031 486 1 2.19 ) 2.67
2.45) L2t} 1L21] 350 151 2.03

Average from 1862 to 1865, 4 yer 2.52) 1.22 1.30 ) 4.66 241 2.55
Average from 1866 to 1969, 4 year 2,601 1.05 \

1.5;\ 460 2 | 250

Awl e hmn \?ﬂ/t) w0 1 »t! .’J ye 2 1)()\ 1.05 1.55 J&l ].().') 2.26

TABLES SIOWING HII COST OF TRANSPORTATION ON THE CANALS,

The following table has been prepared Lo show the eost of framsportation
series of years, on down freight {from Buffalo o Albany.
cost. of carrying on the canal 216 pounds, or & harrel of tiour. The first seven columns
show the cost, ncluding tollx; the eighth shows the average for the year; the ninih
the Lolls 5 and the fenth the forwarder’s charge, or eavnings after paying tolls :

Down Freight, per UL, 216 Ths,

for w
tis desiriied to show the

y frome Bagilo to Allap .

|

- -
9] e L. .
. o] " o [ [
o = = =Y o < e
YEAR < . i fa} = g SR
[ ot > 2]
e > b = < v o, =
= ) - h o —
1 —~ = ~ — o P o =
— = = = [ o 2 I jafie]
-~ = = - 177} o o A ]

$1.00 [R0.99 [30.97 {S0.86 | 5099 | $1.01 | $1.02 | 8048 | 8057

20,065 20,43
Lot a7 91 92 90 o7 | Loz 96 55 41
.10 97 90 97 1 Lood 1oo | o6 | 100 55 15

9 K2 86 83 90 91 91 88 39 19
87 78 78 84 85 85 88 83 35 43
70 65 66 64 61 76 75 68 35 33
80 7S 72

721 76| S0l wso| gy 85| 42
50 S0 82 72 S3 7 97 ‘ St 35 16
Annual aver. i
age from
1830 10 1837,

8 years....... 5090 180.94 {2093 [s0.81 [30.86 [50.88 |80.92 '50.86 [50.43 [5043 _

of

<
—

KRIE CANAL

] TS
R | l -
. a 2 1)
& “ | < LA &
: : 5 = S 3 tp
. £ E | 3 Z 5] 5 o
YEAR. ' ‘ 7 : 3 : S . E
S R - A I IR A AR
P l A l S - B O . e 8
] 2 BN
R0s0 %078 | S0 068 80,73 \\\U/H S076 :‘“'j mfig oi:la
i R ) 65 65 R R R L l 75 55 i
. 63 67 | ) 5 [ ‘ IR a2 b
S I 0 B B (B Bt B R B
. 75 65 63 631 66 3 salo Tl a o
| 7o | eo| o] e2l o663 78 AR A
N 0 7 HS 3 . o 20
b Py il o "h (’,_‘ (/") ! GO 35 25
B 61 55 ] 56 51 57 1 () ! o o
55 55 54 bY 5y B3 861 ‘
o S | | v
el B .
Annual aver- ]
age from
1838 to 1845 ﬁ
8 years _."‘301’} 20.65 1R0.63

T0.61 ) %058 0. ", X
1.02 67
LY

Annual aver-
age {from
1581610 1853,
§ yeuars..

T TROGL 1 R0.52 |

\ | G| 52| ig
Sl . 11 60 23 ‘

ll 61 70 ‘\ 6 pred 23 08

.)87
41

H2

1854

15565
1856 ...

43 14 50 19 2
1857 321 s2| 83| 35 3 1'5’ %g
1858 vy | s1| 86| a7 | L1l o7
1859 ... 39 16 50 (:51 A2 lg 97
1860 .. 35 49 59 76 46 1 1 -
1861 e — S S R

Annnal aver- !

age from

1bo1 to 1861, 045 | 5040 $0.40 | <041 | 50.16 | .*T),{)O 150:5:,7 :()—:1_5 $50.19 ‘ i(: 26

8 years Rt 658 \0.4;——“” 5 Ty 07 a0 R0 oS B _)'t B :4)2
1862 | s 43 4Ly 19 4> 6y 43; ;-:; ;;%
1863 ... 56 133 66 50 .57 57 é-l 2 ;3 '28
1864 ... Wl o4z a5l a7 ery 71 51 2

1865 ...

~ - 9 23 29
= 50! 5 53 GO 52 : .

1866 <o.vveenreennes o1 i; S sl 67, s8] 49 23 E ég
oo | ol | a| s eryomlooLpow i o
1899 - 31| 30 | 99! | 40} 36| 33 111‘ 2
1470 sul ss| o ar| oanl s losrloAdl o Ud g
]S% a9\ a7 89 20 jZ) 36 43(3 1{1 24
1872 ... : a3 | 39 : ‘
1873 g;: ;3 ;; 9| 29 30| uxﬁ 1‘)
1874 [ A A R

Annual aver- ‘

age from

1862 to 1874,
13 years....-

$0.42 180.45 | $0.52 |80.56 20. all £0.184 30.27

$0.42 :
M
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STATEMENT show g fioracrnge coabe of lode frony

el o aediead nad e betireen ‘.IH’_“”'

Bualo qud Oy o oatden Hie arevespe vl of copnt froiddd on Hhe sae arelicles between
Bugicdes Cixvogo o Noewe Yok o eaeie oot de g e woacn o gt ion, 197 E
Y o - :
; From Chicago to ‘I From Bttt o From Chicoro o From Oswogro
i BulTolo. i New York , Chawyenro to New York
| i )
PERIOD. | i
! |
i
; \
| i
i ?
X i
B [ ‘ 1
I
peom [ T U P YU U APTRR T U O S
May .. [ A I R L
June .. Pod7s toa s oetiono
duly PR T B S O VS VO 1 U B .|
. . . hod | A
Avmst 8 DT 90 ] S0y ‘
‘(\«-pu'm\wr (RIS B ‘»“ DL 0 “ Shooo
etobier o R 950 S06 [
November . L 238 9K \ 900
N SN RS B e
Averace {or the ! l k
Sedsun L } Ltos3, %67 l to1r 1, 911
|
U

The above rates inetude canal tolls, as follows . —

On wheat, per bushel, from Alhany (o Teoy o0 ORI S B
On corn, per bu<hel, from Buffalo to Tvoy o w0 0
On wheat, per hushel, from Osweco 1o ’I‘;w_\/., oy 77
On corn, per bushel, from Oswepo to Trov......... G165

Highest vuie, lake freight, from Chienso to Buffalo L e, wheat.

Highest e, lake freight, from Chiengro (6 Uswomo. oo, e whoent
Highost rate, canal freighi, from Bufialo to New York ... .. 10c. whoat.

fihest rate, canal freizht, fron Oswego to New York oo Teosohead

Ratesof Grai : :
frarenor Graln Phe following tables are extracted from the Report of the

“State Fozsineer for the fiseal year 18747 The first gives
the rates of freight for grain from Chicago to New York
vid the Lakes, Frie Canal and Tadson Biaver for 155 years,
from 18361 to 1874 ; the second gives the actual cost of trans-
port of grain from Buflfalo to New York (1) by railroad ;
(2Y by Erie Canal and TTudson River, with animal power on

the canal and steam on the viver ; (3) the estimated cost by
steam on hoth canal and viver.
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with the caned we vapidly strippinge i il 18368
i e | | @ .1(11m11) outst‘np]nug it. Up till 1868,
Frte Canal and its branches in the 7 months of naviea-
. . bl
bon carried yearly niore than all the vailvoads of the State
yib Loy "W 7 .
put tovether. I I8T4 the tonnage of two only of thera,
“oN - N N N . '
the © New York Central” and the « Erie railroads which
. . . 1o, . . .oy . ‘
ave e airect competition with the canal for the enrvinoe of
ot oy 0 an TN Y / e
Wostorn produce, was more than double that of the canal
In 1862 the Mrle cane i i 1877
362 the canal delivered, « rator 311,87
e i ’ al d livered, at tide-water, 74,811,877
] : : i in (cluding flour veduced to grain); in 1872
only 92,685,700 bushels, and this notwithstandine an jm-
solv Ineraac - N N N
mensely inereased  production in the Novth-western and
Westeru States,

,Tll‘j f‘,}.li(;“‘f. 1'ivvnls of the canal ave the “New Vork Central™
{md .Iurn: railways, each managad by men of great admin-
wbrative abilities and enlightened  boldness.  The former
under e contro) ol the celobrated Cowmodore V:m«]crhilt:
Im% of late years heen so improved and organized, that i6
claims to he able to move a lurger quantity of freight and
at a less cost por ton than any other railway in tl:: world.
[t bas four tracks between Buffalo and Albany, so that
freight trains run on tracks devoted exclusively. to them
are of the lengths, and travel at the speed, which ave f'oun(i
to he the most economical, and are not delayed Ly havine
to slmn’c. to make way for passenger trains. Thouul botﬁ
these railways have their termini ab Buffalo they OZ\L(Ih con-
trol, ov Tun in connection with, other western lines run-
ning from Chicago, the great grain emporium of the lakes
The competition for the grain traffic from that centro is now
s0 keen thal whilst T was in Ameriea five 1‘:Lilwnys, viz., the
* New York Central”—¢ Eyje”—« Penusylvania, Ccntr;l”—-
“ Baltimore aud Ohio”—aund the “ Grand Trunk” were c;al'-
rying grain at 15 cents per 1001bs, from Chicago to New
York ov theiv respective Atlantic termini, a mLL; but little
over 3 wills (say ¥ penny) per ton of 2,0001bs., per mile.
This, it was acknowledged, could not* pay, but it shows that

* /‘j,:/.,.m,/ fram the “Times” Tth Aprid 1877 ="The New Yark Central
Lh(:_lu'uv,t}m Pennsylvania, and the Baltimore and (I)hi<; Railways Olmdel,'
t}'l({II' new compact, put in operation on Monday tho p;nnm:ul ad.vz;nce of
{)};lfﬁ}«f'n;{er 1:n‘t,cs. The new freight rates wern put in operation to-day on

¢ basis of 30c. per 1001b. on grain from Chicago and 35c. from 8t. Louis

to New York. The rates to Philadelphia are i
bt ponori: The rate Iphia are 2¢. and to Baltimore 3c.

ERIE CANAL.

tire command of the trade of which till lately, the Erie Canal
had virtually a monopoly, is being eagerly fought for, and
that if the eanal is not to be beaten out of the field it must
be improved, as it may easily be, till the difference between
the speed of carringe on it and on the railways is consider-
ably lessened, and is compensated for by the greater cheap-

ness of the water earriage.

The rates of tolls levied on the Erie canal and its Tolls.

branches vary from § mill to 5 mills per 1,0001bs. per mile,
according to the nature of the articles carried, which are
divided into 5 classes. (See Sheet of Rates of Tolls, Appendix
No. 2)) Boats used chiefly for the transportation of passen-
gers (there are scarcely any of these) pay 4 cents per mile,
Wheat and corn, the chief freights, used to pay up to 1870
3 mills per 1,0001bs. per mile; they now pay only 1} mills,
or 3., cents and 3 cents vespectively per bushel (bushel of
wheat 601bs, bushel of corn 561bs.) from Buffalo to tide water
ab the Hudson.  In 1830, the toll on a barrel of flour for the
same distance (345 miles) was 53 cents ; ib 1s now 11 cents.
The tolls are collected by uctual weight of cargoes, the boats
being taken into “ Weigh Locks” (of which there are 5 at
different poiuts along the canal) and weighed ;—a dedue-
tion from the gross weight is made for that of the boat,
which weight is kept registered, and for that of the bilge
water in her, which is ganged at the time. This system
causes much trouble, delay and expense, and on a State
canal, where direct profits are not of primary importance,
or indeed of great importance at all, it seems to me that
the annual licensing of boats, as on the Godaveri and Kistna

sanals of Madras, is preferable.

The canal is closed by ice generally from about the first Season.

week in December to the last week in April. The average
open season may be taken as 220 days. In 1828, naviga-
tion continued for 269 days; in 1873 it was possible for only
202 days. Insome yearsthe piling up of ice in Buffalo
harbor by westerly gales has virtually delayed for some days
the opening of the canal after it was itself clear of ice.
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General des-
cription,

OSWEGO CANAL.

(}57(!gg0 Canal *—This canal might fairly he considered
more as a portion of the main trunk of the Krie canal bhan
as a were braneh, for lake Outario, which it hrings into
communication with the main e
15 one of the chain of Fakos, to

the Erie canal

anal, and so with tide water,
Join which with tide water
- a5 specially constrneted, 1o also lias an
mportance beyond gy prosent uses, hecause it is probable
that when the culargement, of the Welland eanal (now in
hand by the Canadian (Gove
portion of the arin now ty
falo, at the cast end of ]
faster and clicaper lake

rnment) is completed, o large
anshipped o canal hoats at Buf-
ake Erie, will e carried on by the
~going vessels to Oswewo, from which
port the canal distance to be traversed to tide water is 148
miles shorter, and the lockage is 43 foet less than from Buf-
falo, against whicly advantages, however, there would stand
.tl‘m 28 miles and 530 foot lockage of the Welland canal. Also,
l.f ever the much-talkedoof construction of o “ship canal”
from the Inkes to tide water should 1,
probably be so by improvement and enlareenient of the
llOl‘ﬁ.]lC]'ll portion of this eanal ;ibs junction with  lake
Ol.\cldi'\ s the enlargement of the Oneida lake canal (6
miles in lcng‘th) trom Higginsvillo at the south end of the
lake to the Erie canal ; and the enlargement of the latter
:anal to Albany. This course would

and 208 miles of canal navig:
e}

o earried ont, it will

aive 146 miles of lake,
; : wbion (inclusive of Welland
canal) as against 352 miles of canal by the Buffalo route.

".l'he Oswego canal leaves the Furic canal, opposite the
%ymCHHO weigh lock, at 186 miles from BuffaJo and 166 miles
from Albany, Skirting the eastern shore of the shallow
Onondaga lake, it runs nortll-\vcstcrly for 7 miles to a loop
of the Sencea river at « Mud Lock,” which lock drops it into
that river. The river hLas heen dredged  and provided
with a tow-path, and is used for about 8 miles to < Three
River Point,” where the Sencea and Oncida rivers join
and form the Oswego river. That river is used for about
2 miles to “ Phoenix,” where there is a stone dam across it,
440" long and o high, and the navigation passes again into
an artificial canal and so continues for about ¢ miles to

——

¥* Visited 9th and 10th_July, 1876.

OSWEGO CANAL.

“Ox Greek”, where it is again taken into the viver and eon-
tinues in it for 4 miles to ulton, at which place is a low
masonry dam on a ridge of natuval falls.  From this there
i3 an artificial chanuel for 4 miles to “ Braddock’s rapids,”
where there 15 a lock into the pool, about 1% miles long,
above Van Buren’s dam (masonry, 662" long, 12" high.) From
that dmn there is an artificial canal for about two miles to
a pool above the “ Minetto” masoury dam across the river,
455" long and 10" high.  There is then an artificial chamnel
for about & mile which locks into the pool above the < Higl”
darn, 368" long and 127 high, of which a plan is sent here-
with.# Then there is a short piece of canal to the pool
above'the Oswego dam at the head of the Oswego vapids.
From above this dawm, which isin plan the segment of a
cirvele, the pavigation enters a canal through a guard lock,
and passing through two drop locks in about three-quarters
of amile, re-enters the river some half mile above its junc-
tion with lake Ontario, at the town and harbor of Oswego,

Along the kst reach of the canal 1s a soparate channel for
earrying waler for mills, closed at its upper end hy o timber
bulk-head supported on three stone piers, 4" wide cach, and
by raking struts between them. There are in this bulk-head
13 openings of 7' wide, closed by wooden shutters worked
by serew geaving.  The surplus of this channel falls over a
timber weir of 4 bays of 25" cach with about 10" drop, and
passes under the navigation canal to the river. In cach
bay of this weir is a vent, at the bed of the channel, closed
by a shutter worked by rack and pinion.

94

In connection with this canaly from where it joins it at gllgid& River

n

“ Three Biver Point,” the Oneida river has been made na- {?J{fr naviga-

vigable for boats of 4 draught to Oneidu lake at Brewerton,
a distance of about 20 miles. Two rapids in this river are
overcome by short chanuels round them with two masonry
locks 120" x 30%. They were built so large to admit of
steamers whicl ply on the lake coming up to ¢ Three River
Point,” and taking tows of canal Loats to and from the fake
ports.

From “ Mud Lock” the Scueea river has been improved,
and with an actificial channel of about a mile in Tensth ol

T #0No, 53 in Vol of Plans”
N
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. Chief Struce
tures.

Locks

Bridizes,

Dans

Trallic.

OSWEGO CANAL )
mits L passnce of canal hoals for abont, 4 miles fo G
town of Baldinsville,
. .o
I'he principal struetures on the Osweeo Canal are- -

I8 Fadt Lioeks, ' 52 Wooden Briduees,

|

3oc Guard” Locks, ! 6 River Dans,

b

[ron “I‘i(‘j‘;‘u\. '

ey e . - v

The locks s sinulo to those on the mpin Freie eanal,
A " » I
nut nob = doahled 7 the SR ones cost on ancaverage 3 1,000

dollars carh,

o .
The bridecs over the ennnd praper ae ouly ol 30 fee,

spant, and wdmast ol wooden prusses,
N

fn M . .

e river doan 1;1-11:;5' covered with \v;l‘tm', [ could not
personnlly ascortain what they were like, and was able to

¥ )

abitain o plan (sent, herewiths) of one only, the © Hich”
dam nevoss the Osweso viver. The dan ibself s a masonry

. 9 - _— . . H
wall 12 feet high, 16 foek wide al hotbon, 9% feet ab top, with
a gentle hatter on its down-strean side, which is Guweed with
eut-stone. TLis coped with large blocks of stone, each of
whideh run from front to hack.  This wall is founded on
aocontinuous line of “erih-work,” 25 feet wide sunk 10
feet nto the hed of the river. At about 10 {ect away

downe-strean, from the end of. this erib-work is another line

of similar work 20 feet wide and sunk 24 feet into the bed ;
the interval hotween the two cribs being planked over. From
abont 2 feet below the crest of the dam there is a tnnbcr

closely planked apron with a slope of 2 to 1, the tos of

which strikes the Tast-mentioned erib-work 5 foet from its
inner and 15 feet from its outer (down-stren) edyge, and
1 - o N . ; S
this 13 et hetag planked over makes another apran, hori-
aonfal. When Usaw the dam (9th July 1876) there was
only T oot goine over the erest and there was o curline
. v N v . =
wave just ab the foot of the sloping apron and another just
bheyond the leve L after the watber "1 ‘
3 . nd the 'l(,\l,l one, after the water had shob off its smooth
surficee, which suooested trouble,

‘ tn the able given at pace 88 of these notes will ho
found the total tonnage of this {Oswegn) canal for each
year, from 1837 Lo 1874, froan whieh it will be seen that

® ' Noo 53 in Vol, of Plans.”

CTHAMPLAIN CANAL.

it inercased to a maxitmum of 1080076 {ons in Q‘ii’f’, sinee
which it has gradually fallen off’ to 665,408 /hkm 1874

the falling nﬁ ])un“‘ in a large measure due i the construc-
tion of a line of railway connecting the port ﬁltl};\‘o\v York.
The table, given at page 97, shows the cost 3@ construction
and the returns of this eanal to end of 1866.

The tolls collected arrived at their maximung, fo
in 1862, when they were 157,011 dollars.

During the years 1872-73 and 74 the tolal income o
ranal has been 249,344 dollars, and its expenditure—
On ordinary repairs.........573,672 dollars,
On extraovdinary repairs...296,116
Total.. 669,788 dollars.
showing for these 3 years a total excess of expenditure
over income of 420,444 dollars, and an average yearly exeess
of 140,148 dollars. It should, however, be remembered that
besides the veburns here diveetly evedited to this hranch,
some of the canings of the main canal are due to it, but
even taking them into consideration, the Oswego canal is

far from being a paying one.

| RS- 1.4
car Incomc frgq
M UR

r-t

and
Expenditure

[ts commercial importance as placing lake Ontario in Commercial

communication with the Irie caual is great and, as already
noticed, is likely to become cven greater after the enlarge-
ment of the Welland canal is completed.  But if it is to
increase, or even retain its importance amongst the great
lines of conmmunication of the country, this branch, as well
as its parent canal, must be so impr oved and enlarged as to
soeure a cousiderable inerease in the speed, and saving in

the cost, of its navigation.

importance.

Champlain Canal.*—This important canal connects the Introductory.

Erie canal near its castern end with lake Champlain and
and so, vid the Ours and Chambly canals, with the river St.
Lawrence, 46 miles below Montreal.  The t afic on it does
not consist (as is the case with the Erie and Oswego canals)
chicfly of agricultural products of distant States, but of pro-
duets of the forests and mines of the New York State
through which it runs, and of the State of Vermont which

* mtul "Uth—-Zh(l June, 1876.
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FIEAMPLAIN « ANAL

.’J\H‘h Hic castern shore of
e : :
Hie o] tonnage brouahd, by

the Ieie i
‘ . D /) e swalker
o 7 1 N7 wd o dide wiabo

comsideralily more than half has been

aovicnlbnval peoduee. i
o I produce. and 1y, e more than one-third

the products of (he
; e foreste, of thi total { e

{he ('/mn”/)l(lfu, MIHH,/ o) iit “mm‘i’,ll l”“”gh', l‘-"
to aorienlture by )
oag Hobas bheen due less than Uit
forest nearly fwo-thivds i i et

Dm'ing the Amevieay
with Lincland of 18]
the Hudson and about iy
mportant militn,ry and n

northern ceul the Ca

var of ln«lvpvmlmms and the wa

e o nadian fronticer, whenee it is connect -
by river and canal wit), the St

\ Livwrenee, whor
o . : nee, where that
spurely a Canadian viver ’

d riming far dowan i
T ) o tar down mio the
ampire (Ne TNk .

e (New York) State)™ dake Chaniplai onild
nndoulbod) in the . . Aauplain wotile
A ’ 'y’. Lulie evend of war hebween England and

neriea, again become of aread militare N
reco onizi hi areal nulitary nnportance, and,
AN : N . o
{ L‘) mg this, the Ameriean Government have from time
0 btime igu X Comes . ’ o
Chammla ul undey consideration the Ilnln‘o\wnu'nt ol the
shamplain eanal ; .
)assa l .‘ ;l canal and the Hudson rver, so as to admit of the
passage of gunboats to the luke,
T ;
Yhe Tast praposit; : :
@ stbion Cwhich o .
estinns prog s lor whicl, surveys and preliminary
stimates have heen prepared

is for an entirely new “ shi
b fen . ’ ‘ LT y new h]”)
canal” (with prisi poq and : |

vana Vi 1507 x 13 deep, and locks
270" x 45 running near the present e ('m[m Whiteliall
‘:Lt the su.uth end of the fake, to the Hidson at Fort Kdwayd
(Lm'l‘thc mprovenient of the Hadson viver from that pl:uit:
to lmy. to adinit of the passage of vesscls of 127 drauehit
the esthmated cost being 11,]:3" 916 dollars, o

—~3

\l
Sueh a canal woul

. d have no chance of proving a com-
mercial or .

financial succey : nni
o 1 l(fl steeess were nob a shnilar one con-
.(‘ (,](:(, ront the St Lawrence to lake Champlain. This a
anadian Compy v i
Saray lmn Company have proposed to take in hand when-
ever orie i i
1 v the American scheme may be carried out, but that
Seheme scetus likely to share the fate of its predecessors,
m N Al v P
A)ll)h’»z Lh‘unpl(un eanal Jeaves the Tovie canal at 7 miles from
an o . M . . y H
e 1 Y, (L'nd running northerly along the right bank of the
Hudson river for & i it 1 [
son river for 30 miles then crosses it in the pool formed

N Chanmplain.  Whilsi o1

e water e i
water daring the same pevicd,

9
2, the counbry near the upper waters of
S 1 . 3

Nt (lx.nnplnm was the seene of

ava aations, T i i
!nlu rations. Fouching at its

CHAMPLAIN CANAL.

by adam aeross the viver known as the € Savatoga” dany,
towing heing done from a bridge specially for the purpose.
A Captain of a boat informed me, that in freshes the passage
was dangevous, special ropes held by many men having to
hee wsed, and even then boats are sometimes cairied over
the dam. A Tock closes the entranee to the canal on cach
side of the pool.  Irom this pool the left bank of the river
is closely followed for 11 miles to Fort Edward (41 miles)
where, by the twelfth “1ift” lock, the surface is hifted to
the snmmit lTevel (146.667 + T. W.)  The canal now leaves
the river and continues in a north-easterly course, at the
level just mentioned, for 12 miles to « Iort Ann” where,
by a combined lock of two chambers, and two separate
ones a short distance apart, it is dropped into the  Woou
Creek” (Jevel 121.076), which stream is used for about 6
miles.  Passing out of this creek through a guard lock it
continues at the same level for 7 miles to “ Whitehall,”
and there, at 66 miles from junction with the Evie canal,
it is dropped by a “combined” lock of 3 chambers into lake

Champlain, the usual level of which is 93.076 4+ T. W.

This canal has a navigable branch* 7 miles in Iength (ex-
clusive of pond above dam) from a mile north of « Fort
Tdward” to the Hudson at * Glens Falls,” where from above
a dam across the river the water is taken for the supply of
the portion of the canal from Saratoga dam to the northern

end at lake Champlain, a distance of 35 miles.
The general prism of the eanal now is—

\ VVthgr surface 4 5' to 50" /

S

¥ ¢ Vigited 220d and 23rd June, 1876.”

(o3

Prigi.
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River Dams,

CHAMPLAIN CANAL.

but its enlaroe ;
1bs entargement has heen sanetioned, and is now in pro

uress to—

, .
Water surface 58’

ray s T 1100 R
Phe principal structures on the canad and Lhe « Gilens

\
[alls” raneh ave—

(33

33 “hft” and 5 “ gnard” locks.
FI8 bridges of all kinds,
3 rviver dams and 5 small ones across © Wood” ereek
24 culverty and simall aqueducts. o
The locks ave snnilar to those on the main Krie canal, hut,
not “doubled.”  Those on the “ Glens Falls” 1)1';111("]; are
::.ll\y“m() f}c'cb x” 13 feet.  Of the 13 locks on the I;Lttmj, 5
.Tltju f::{i\:lsét;l i:ltlflto(::limtl;gtl;t;' V\;;'tll] a total 1itt of 50 foet.
h ne e b ~ r ’ H 4
1O feet 6 inches wide ofl 5 slo ii': ')lg lttdm(vn ('L L e
Do 8 el wide of 5 .‘ 1. 8, about 100 feet long cach,
which are o vertical steps or drops.
o l‘\fotes‘ <')f tlfncs occup.icd by boats in passing locks on the
amplain canal and its hraneh are given under the e

. . 4 . - . 'L(
of “Locks” main Erie canal. u

Of the river dams T was able ot
criptions, and as water i::l()tﬁj:fv t(?\i?‘t t‘::;’}’lp?lfs e
from inspection arrive :ztdcmilbs. T o onkd e
The one actoss the Hudson at Glens Falls* appeared to
nie to be in scetion generally similar to the dam across
tl‘lc.' Mohawk at the “ Rexford Flats” feeder of the lj'l‘qul‘l
vie canal, alveady noticed, 1t is, however, much Jun(:cr
said to be 900 feet in length. The abutments at lT()L]:
ends are of stouc masoury. At the back of the one at
Ehg; ‘n]ort?l cud, the supply water is taken into the f(}(‘d‘cl‘
which 1s navigable) throueh 4 Luwve vents elose .
wooden s]mttm'sa wor)ked hy ail'(m S(-]rt.ln(: Tb“t? el 1y
screws running through
a female serew-nut turned by iron haudles which fit into
h()h{s,,l,‘(,),u“(l it.  Alongside this “Dulkhead” is the head

* Visited 22nd June, 1376.

CHAMPLAIN CANAL.

« guard” lock.  As immense quantities of timber are floated
Jdown the river for supply of saw mills at various places
Lelow the dam a “chute” is provided about the centre
of the dam for their passage. It is merely a depression
about 10" wide in the crest of the dam with the trough from
it down the apron flanked with boarding to prevent the
logs from swerving and knocking the apron about. Guide
piles driven into the river, for some distance up, lead the
logs on to the chute, and if they jam anywhere they are
started by men in “scows.” The greatest number of logs
which I saw pass through the chute in one minute was
30, and the average of five minutes was 14 a minute.
About 200 yards above the dam there are at points across
the viver, G structures of timber and stone, like the cutwaters
of hridge piers, for breaking up the great fields of ice which
in winter come down the river. The pool above this dam
is navigable for 5 miles in length.

The Bridges are almost all wooden trusses of 50 feet span. Bridges.

[n the table given at page 88 of these notes, will be found Trafic.

the total tonnage of this canal for cach year from 1837 to
1874, from which it will be seen that it increased with great

steadiness from 261,659 tons in the former, to 1,268,292 tons

in the latter, year.

This canal has, for construction and maintenance, cost (ex- Cost and

clusive of interest) 2,764,486 dollars more than its direct
veturn by tolls, Taking the last five years as the standard,
its average tolls, which have varied from $123,700 to
$173,540, amount to between 20,000 and 40,000 dollars more
than its ordinary repairs and collection, but are considerably
loss bhan sufficient to also pay afair percentage (considered
in America to be 7 per cent.) on the outlay. Thus—

Dollars.
Cost of canal and improvements to September,
1874 i ORI vereeennn 4,099,567
,,  ordinary repairs and collection of tolls
to September, 1874 ... .ceerereniiienns 4,600,796
Total cost to 30th September, 1874.......... e 8,700,363
Total tolls received......... e e 5,935,877

Netb, cost of canal (exclusive of interest)...o..... 2,764,486

S ——————————
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- B ‘ Doflars,

l(,.(llllllutl mterest on this S ab T per centis 193514

Ordinary repairs and collection.. ... l()ii) k36

m CoTrTr
Lolls should be

ould be.. Dallars 300000

N

they really have heen fr 25,7

| y by have Leen from 123,700 dollars o 173
ars, leaving an annual

126,500 Jollars.

,H00 do)-

deficicney, raned bt 3.3
ficicney, ranging from 176,500 to

Administration of Ihe Erie Canal-—The administeation

of the Krie canal (and ity branches)
> M .
Board,” which consists of- -

" ) -
(L) The Commissioners of the (
21 The N .
2 e State Ineer ; '
{2.) The Stat Emgincer and SUEVEYOr.
(3 The Canal Commissi '
3. 1e Canal Commissioners,
Y This Boanrd moet s Quring the sitfine ol
\ I

of toll, appoint s i i
, apy N the Engineers, Superintendenis of

Tolls, Weighmnstors their Assictant s

Limber and of hoats and theip

('H]“‘_:f)(ﬂ\"
hewes appeals from the Canal Appraizers
the police of the canmals, &

- -

The Commissioners of the (
officers, whose appointments
mlivectly ly populary vote, They are -

The Licutenang Governor,
“ chrvtm'_y of the Siate.
. (,'rmlptl'th'r of the State.
o Treasnrer of the Siade.

» A ttorey General,

The State Engineer and
this being the case the offico i3 ceng
clared politician, and is neyer h '
consecutive years by the sune
system inen of ability do someting
s undonbted.  The presed, State
Buren, is an mstanee of this, by,
tno uncertain, or vathoer i

such ability exereising nn

Sal By,

5 divecty (‘\'h'.’nm‘(linnl'y

Surveyor is annually elected
. ,

Is vested ina ¢ Canal

the Liowislature s fives the rate
Repuirs, Collectors of

and Tospectors, and Measurers of

repaire,

5 orenuts penaltios g
; t penaltios ool regulites

o . .
canad Fund are five of the State

are governed eithep directly or

andd

rally seenred by a do.
el t?n'm:m.\', seldom (:m' two,
berson. That under this
Sorecuive (e appointment,

Engineer, M. 3. D, Van
tie tenure of the ofilee is
5 boo corlainly short, to allow of
el inthience on the well-hetng of

ADMINISTRATION OF TILE ERIE CANAL.

the canal. The duties of the State Envincer are thus enu-

merated in an official docament :—

“Preseribes duties of, and assigns divisions of canals {0 Engineers;
visits and inspeets canals; puopures seveyve, daps, phues eatbuates, &e.,
in the construction or improvement of a canal, &, &e.”

Strange to say, neither this ofticer nor the Engineers em-
ployed under him have any voice in the letting or execu-
tion of contracts hy which all the work of the canals is
done. In support of this assertion, which will scem a
strange one to Engineers who may read these notes, I give
the following extracts from “the State Engineer's report;
for the fiscal year ending September 30th, 1874 :—

# % “The plans, specifications and estimates for any work, having heen
approved by the State Enginecr, and the lectting thereof having heen
authorized by the Canal Board, the matter passes entively from his con-
trol; and all subsequent proceedings, up to, and Includivg the final award

and excecution of the contract, are had hy the Canal Commissioners.

The division, resident, and such subordinate Engneers rs may be neees-
sary, are requirad to be present ab Ieftings, to parform merely the clerical
duty of canvassing the bids, and of cortifying to the acenracy of such
CIINVASS,

In cases where questions might properly e raised as to whether pro-
pusals are properly balanced, or as to whether they should not be rejected,
for that or for other reasons, no Engineer officer is authorized to act, evon
though entircly conscious of the objectionable character of the proposals
which he may be called upon to canvass.”

* ¥ % ¢t jg helieved that the State Iingincer and Surveyoris a proper
officer to advise with the Board of Canal Commissioners; to aid in scru-
tinizing and in determining the preciso character of proposals for work ;
to sce that work is properly advertised, and to sce that contracts are pro-

perly drawn and cxceuted.  So long as this officer has neither voice nor

anthority in these proccedings, e cannot justly be held responsible for

abuscs resulting from them. fu ix, therefore, respeetfully reconmended

that the State Engincer and Surveyor be consviinted a member of the
letting Board ; and that his presence, or that of his deputy, be declared
essential to the legal transaction of husiness by said Board.”

The extracts already given from Governor Tilden’s letter
about the frauds in connection with the Erie canal afford a
pertinent comment on the system by which its contracts have

been let.
The Canal Commissioners, who form the third component

part of the Canal Board, are three in number. They have

« the general charge of the public works, of the construction
0
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:»f‘ new canalsy, and of ghe repairs of the comnpleted canals.”
They ave annually elected, and, therefore, almost invariabl
they are =« paliticians” Y
For convenienee of management, the Erie canal and its
branches are divided into B divisions,—the “ Fastorn”
“ }\Iiddle,” and * Wesbern,” each of which is under the ch:mr,e
of one of the Canal Commissioners, o, « Division ]‘hwino(\:”
anrl‘ ac Hem.nlvnt, Engincer”  The two lagter oﬁicorshl'occi\;o
their appointmonts year by year from the « Board,” the
comp(‘mcnt parts of which are constantly changing, and :u'e'
therefore themselves heing constantly changed.  Assistant
and Subordinate Engincers also, whowm it may be necessar
to employ from time to time, cannot be appointed withou)tr
the assent of the Canal Coramissioners.  Under these ar-
mnf?rement% it ix evident that the commercial, finaneial, and
C‘ngme(trmg‘ nnagement of the canals must lack stcad;ness.
They are perfectly saturated by politics. T found pm‘mﬁ%
employed on the eanal in positions far below those ment'ion'-
0(1{ spenking of the probability of their retaining their ap-
pointments as dopendent not on their fitness, T)ut on tlllo
fortu.nes of political parties in the State Elections. The
unwisdom of such a system is becoming daily more recog-

nized by Amcricans, and it would be
? W mgenerous t .
on the subject, g o dwell

APPENDICES-2ELRIE CANAL.,

APPENDIX No. 1.—(Referred to at page 75.)
e
Coarrer 868, Laws or 1871.

AN ACT to foster and develop the internal commerce of the State
by inviting and rewarding the practical and profitable introduction
upon the canaly of steam, calorie, electricity, or any motor other
than animal power for the propulsion of boats.

Passep April 28, 1871 ; three-fifths being present.
The People of the Stute of New York, represented in Senate and

Assembly, do enact as follows :

Srerron 1. Guoren B. McCrernay, Horatio Skyyour, Lrasrus

8. Prosser, Davip Dows, Grorek Geppms, Van R. Ricomonp,

" WipLis 8. Neuson, Grorer W. Crnaryay, Witoian W. Wricat and

Joun D. Fax are hereby appointed a commission to practically test
and examine inventions, or any and all devices which may be sub-
mitted to them for-that purpese, by which steam, calerie, clectricity,
or any oghcr motor than animal power may be practically and pro-
fitably used and applied in the propulsion of boats upon the canals ;
said examination and tests chall be hiad by the wuid commissioners
at such time or times during the season of canal navigation, for the
years 1871 and 1872, as they may order and direct ; said commis-
sioners shall have the right, and they are hereby expressly required
to reject all such inventions or devices, if in their opinion none of
the said inventions or devices shall {ully and satistactorily meet the
requirements of this act ; but said commissioners shall demand and
require : First. The inventions or devices to be tested and tried at
their own proper costs and charges of the parties offering the same
for trial.  Second. That the boat shall, in addition to the weight
of the machinery and fucl reasonably necessary for the propulsion
of said boat, be cnabled to transport, and shall actually transport on
the Erie canal, on a test or trial exhibition, under the rules and re-

gulations mow governing the boats navigating the canals, at least
=]

200 tons of cargo. 7Tird. That the rate of speed made by said

boat shall not be less than an average of three miles per hour,
without injury to the canals or their structures. Four¢h. That the
boat can be readily and easily stopped or backed by the use and
power of its own machinery. Fifth. That the simplicity, economy
and durability of the invention or device must be elements of its
worth and usefulness. Sixth, That the invention, device or im-
nent can be readily adapted to the present canal boats ; and,

prover o :
that the commissioners shall be fully satisfied that the inven-

lastly,
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tion or deviee will Tessen the cost of canal transportation, and in-
erease the eapaeity of the eanals.  Any means of propulsion or
towage other than hy a direct applivation ol power upon the hoat,
which does not interfere in any wanueyr with the present method of
towage on the canals, and complying i all respeets with the pro-
visions of this act, may be entitled to the beaefits thereof’y but this
shall not be constrned to apply 1o the system koown as the Delrian
systent, or to any mode of ln-(,pn[»'iwn by steain engines or othierwise
upon either bank of the canals.

§ 2. Nosuch test shall e made il the same shall I any manner

returd, hinder or delay the passage of hoats navigating the canals
under the present system.

§ 3. Ifthe commissioners herein appointed shall, upon such exa-
mination and test as is pn,vid(gd for in the first section of this act,
conclude and determine at any time that one or more inventions or
deviees as aloresaid, but not to exeeed three in o muuber, shall be in
all respects a full and satisfictory, practicable and profitable adapta-
tion to the wants of the eanals by reason of a new, uselud and econo-
mical means of propulsion for beats within the meaning ol this act, it
shall then, and not otherwise, be their duty to grant unto the owner or
owners of such inventions or devices, his ov their attorney, thelr cer-
tificate or certificates, under their hands ax such conmmissioners, that
they have so determined and adjudged to the owner or owners of
the invention or deviee which, in the judgment of the suid comniis-
sioners, possesses in the greatest degree of pertection the requisites
mentioned in the fivst section, t]my shall grant a certificate whiclh
shall be knnown as certificate nuunber one, and to the owner or owners
of the next best invention or deviee, they shall grant a certificate as
aforesaid, which shall be known ag certifieate nwnber two s and to
the owner or awners of the thirtd boest invention or device, they shall
grant a certificate as aforesaid, which shall be known as certificate
number three.

§ 4. DBefore entering upon the duties of his office cach of the
commissioners berein named shall take and subscribe an oflicial oath,
which shall be tiled at onee 1n the oflice of' the Secrctary of State.
Any vuacancy arising from any cause in said commission, may be
filled on the application of the remaining conumissioners, by the
Governor,

§ 3. The reasonable expenses of the said commission, not ex-
ceeding in all the sum of dollars 5,000 to be determined by the said

board, shall be paid out of any swn which may be awarded to the

APPENDICES-—ERIE CANAL.

persatt or persons receiving the certificate mentioned in the third
section of this act, in proportion to the amount awarded to the holders
of said certificates, providing such certificates shall be granted ; and
1f no such certificate shall be granted, then the same shall be paid by
the Treasurer, on the warrant of the Comptroller, out of any moneys
m the freasury not otherwise appropriated.

§ 6. Upon the production by the owner or owners, or his or
their attorney, of such certificate or certificates as may be granted
under the provisions of this act, to the Comptroller, he shall draw
bis warrant upon the Treasurer of the State of New Yorls for the sum
of dollars 50,000, payable to the said owner or owners of said uven-
tion, deviee, his ov their attorucy, out of any money in the treasury
not otherwise appropriated, in case but one certificate shall have
been granted by said commissioners,  If two certificates shall have
been granted and no more, then the sald Comptroller shall draw his
said warrant upon the said Treasnrer for the sumn of dollars 85,000,
payable to the owner or owners of certificate number one ; and said
Comptroller shall also draw his said warrant upon the said Treasurer
for the sun of dollars 15,000, payable to the owner or owners of cer-
tificate number two. It thrce certificates shall be granted by said
commissioners, then and in that case the said Comptroller shall
draw his said warrant upon the said Treasurer for the sum of
dollars 30,000, payable to the owner or owners of certificate number
one; and one of dollars 15,000, payable to the owner or owners of
certificate number two; and one of dollars 5,000, payable to the

owner or owners of certificate number three.

§ 7. Ifon or belore the 1st day of November, 1873, the com-
migsioners hereinbefore named shall, upon due examination, find and
determine that the said invention or device has been successfully
operated upon the canals, and has been or will be largely adopted a3
a motor on said canals by rcason of its superiority over any other
known method of propulsion, then and in such case they shall grant
a further certificate of that fact, and the Comptroller upon its pre-
sentation to him, shall draw his warrant upon the I'reasurer of the
State for the further sum of $50,000, payable to the said owner or
owners of the said devige, his or their attorney, out of any money in
the treasury not otherwise appropriated ; but in case of the granting
by said commissioners of more than onc certificate, as stated in sec-
tion six of thig act, then and in that ease the sum of $50,000, men-
tioned in this section, shall be divided among and paid to the owners
of the said certificates in the proportion, and in the manner as stated

in section six of this act.
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APPENDIX No. 2

Rares or Toun, 1876.

Established by the Cavan Boarp o pevsons and property transportod
o the Nuw Yok Stare CanaLs, to take offect on the opening of

Navigation,

Articles paying One-Half Mill per 1,000 pounds
per mile.

Ashies, leaclied.

Bones.

Brick of every description.

Bleaching Powder, going from
tide-water,

Colfee,

Copper Ore.

Copper, pig and smelted.

Crockery.

Car axles, when cleared at tide-
water.,

Car wheels.

Charcoal.

Clay.

Coal, anthracite and bituminous.

Coal Oil.

Coal tar and products thereof.

Cullet, or broken glass to he
melted over,

Farth,

Fire brick.

Tfish,  salted,
water.

Gas Pipe.

Gypsum, unground, product of
this State. )

Hay, pressed,

Horse shoes,

Tron, bloom and pig.

Tee.

Iron bolts, when cleared at tide-
water.

Ivon bridge and railing, when
cleared at tide-water.

Iron articles exelusively manu-
factured of wrought or rolled
iron, not specifically  cnume-
rated, when cleared at tide-
water,

Tron, boiler, when cleared at
tide-water.

c’()lll

g from tide-

Iron, in bars and bundles, when
clenred at tide-water.

Iron ore,

Lead, bar and pig, going toward
tide-water.

Lime stone.

Manure.

Marl.

Molnsses.

Nails,

Petroleum, crude and refined.

Deat.

Pig iron.

Plaster Caleined or Plaster Paris,
going {room tide-water,

Railroad chairs, when cleared at
tide-water.

Railroad iron.

Sal Soda, going from tide-water,

Soda Ash,

Sugar,

Sand.

Naw dust.

Serap Iron.

Shingles in boats, per M., per
mile.

Slate.

Spikes,

Steel, in bars and hundles, when
cleared at tide~water.

Stone for the manufacture of
lime,

Stone, wrought, partly wrought,
unwrought,

Straw, pressed, and any pressed
vegetable substance uged for
the manufacture of paper and
paper pulp.

Tin plate, going from tide-water,

Water Pipes.
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Articles paying One Mill per 1,000 pounds
per mile. :

Acid, sulphuric.
Agricultural Implements, going
from tide-water. *
Articles not enumerated, going
{rom tide-water.

Apples.

Barley,

Beef, salted.

Bacon.

Barrels, empty, transported in
boats.

Bran.

Brimstone,.

Castings, all iron castings.

Cheese.

Cider.

Corn.

Corn meal.

Car axles, when not cleared at
tide-water.

Casks, empty, transported in
boats.

Cement, firc-proof and hydraulic.

Cotton.

Domestic distilled spirits.

Duornestic cotton.

Domestic woolens.

Esculent roots.

Flour.

Glass ware.

Giypsum, ground and unground,

Hemp, going toward tide-water.

Hoops, rived,

Tron, in shects, bars and bundles.

Tron, boiler.

Iron, bridge and railing.

Iron bolts.

Iron safes.

Junk,

Lard.

Lard oil.

Lime.

Leather.

Mahogany,

Malt.

Merchandise, non-enumerated.
Oata,

0il cake.

Oil meal.

Onions.

Pig Copper.

Potatoes.

Railroad chairs.

Rice, going from tide-water.

Rye.

Shingles, in boats, per 1,000 Ibs.
per mile.

Ship stuff.

Steel, in bars and bundles,

Stoves.

Salt manufactured in this State.

Staves and heading, sawed, cut
and dressed or partly dressed,
shooks and stave bolts and
butts, not exceeding four feet
and a half in length, trans-

' ported in boats.

Tar. ‘

Tobacco, unmanufactured, going
toward tide-water.

Turnips.

Tobacco, going from tide-water.

Turpentine.

Varnish.

Vinegar.

Wheat.

Water Lime.

Wool.
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Articles paying One and One-Half Mills per 1,000
pounds per mile.

Articles not enumeraded, goiue b Furnitare, eabinet ware & elinies.
townarid tideewntoer. o Fneniture for Ntoves,  nob o cast
Agrienbiural  products of  thel  iron,
United States, not, particularly ( Cipease,

f

i

)

specificd, Girnss sead,

Ashes, Pot and Pearl. Hides,
Barytes, Hoos, nhve,
Beans, - Hops,
Buttey.  Peas,
Carboys.  Pork, salted,
Carts. © Rags.
Carviages and Sleighs, IoSleizhs,
Cattle, alive, i Sheep, alive,

Cabinet waro,
Clovoer ceod,
Flax seed,

bOShip knees.
FoPaflow.
! Wagons.

Articles paying Two Mills per 1,000 pounds

per mile.
Buffulo skins. E i Furs and sking of animals pro-
Deer skins, | ducing furs,

¢ Moose skins,

Articles paying Two and One-Half Mills per 1,000
pounds per mile.
Salt, foreion. Tan Bark, zround, per 1,000 Iba.
’ per nmile.

Articles paying Three Mills per 1,000 pounds

per mile.
Horses. ; Trees,
Shrabbery. |
Articles paying Four Mills per 1,000 pounds
per mile.

Powder, Gun-powder. | Window sashes,

Articles paying Five Mills per 1,000 pounds

per mile.

Barrels, empty, transported in ) Hoop Poles, transported in rafts.,
rafts. Ship knees, transported in rafts.
Dolts, stave, transported in ralts. Staves and heading, not exceed-
Butts, stave, transported in rafts, ing four feet and a half in

Casks, emply, transported in rafts. length, transported in rafts,
Heading, transported in rafts. Wood used in the manufacture

Hop Poles, transported in rafts. of salt, per cord per mile.
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Lumber Shingles and Timber.
Lumber No. 1.*
c. m. fr.

Trangported in boats by werght, per 1,000 pounds per mile
Whife pine, white wood, bass wood, cedar boards, planks,
seantling, and on all sidings, lath and other sawed
stufly legs than one inch thick (exeept such as is

enumerated in Lumber No. 3.) ) .. .. 0—1—5

Oak, hickory, beech, sycamore, black walnut, butteruut,
maple, ash, elm, fir, tamarack, yew and cherry .. 0—1-0

Hemlock and Spruce .. . .. oo 0—0—7

Lumber No. 2.*
Dransported i boats by measurcinent, per 1,000 feet per mile :
Boards, plank, scantling, railroad ties, pickets for {cnces

and sawed timber, siding, lath and other sawed stuff,

less than one inch thick, reduced to inch measure

(except such as s enumecrated in Lumber No. 3);

lath, when cleared by measureent, may be estimat-

ed at twenty feet for each bunch of one hundred

pieces 5 aund all Kinds of red cedur, cedar posts, csti-

mated that a cord, after deducting for openings, will

contain 10,000 feet .. .. .- .o 0—3—0
Hewmlock and Spruce, per 1,000 fect per mile, when not

weighed .. e . . .o 0—2—0
Lumber No. 2, transported in rafts, per 1,000 feet per

mile . . .. . o 250

Lumber No. 3.*
Transported in boats by weight, per 1,000 pounds per mile :

Sawed lath less than ten feet in length, split lath, hoop
poles, hand spikes, rowing oars, broowm handles, spokes,
hubs, tree-nails, fellies, boat and ship knees, planc
stocks, pickets for fences, railroad ties, last blocks,
stufl; manutactured or partly manufactured for boxes,
chairs and bedsteads, hop poles, brush handles, brush
backs, looking-glass backs, gun stocks, plow beams
and plow handles .. o .. 0—=1-8

Sawcd stuff for window blinds, not exceeding one-fourth of
an inch in thickness .. .. . 0—-4~0

Timber per 1,000 cubic feet, per mile, transported in boats :

Square and rvound, other than hemlock .. .. 0—5—=0
I)

11a
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f APPENDIX No. 3.

N coon.
quare and ronnd, hemloek T )
1 - e ..
Square : - Al e { . . No. n
{ wnd vound (all kindsy transported inrafts .. =0 -0 List of I ih 1l Not Evie Canal {/Ol of
: e S 5 wit we Notes on Livre Ganad. . of
Sawed Fimber (sce Fooniher No, 9 . ) Jst of Plans with these Sotes 0
see Lodher Noo 2y per 1000 feet per mile., 0—5--5 Plans.
Y2 .
Shineleg i boats, per i e . . . . . \ .
l)"leq ) b per 1000 ponds pec e 0--1—5 Map of State of New York, with profiles of canals Loo82
N in hoats, per N R . , L. e
D [ Loper il 0 =0} =D Sroneral Plan of timber locks, Chemung canal L33
0. m el per o o . . .- .
% per ML per il I » ,» road bridge, Erie eanal enlargement L
Poste. <nlif coad o e , L e . 0=
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I CANALS Of CANADA.
Wisited 25th June 1y 714 Jutly and 15th 1o 994, July, 1876,

TN -

Al
Tr canads of Canida niy

for the w ke ol .
be divided i . PRrne ol convenience,
livided into four groups:

1. The ennals corst i

e seanads constructed (i, mprove the navieation from
axe bt to Montreal, with w .
the mprovements of ghe Sy,

and Quelice.

Ireh are intimately eonneeted
Lavwrenee between Montreal
9 The van. 1

2. The eanals t prove {he

- navization of the Ottaw:s

3. The = Ridean” (military)

canal {v 1o aws river
ab Ol to the Ny, Lnre o the Ottawa rivel

il King\‘(un.
" .
Lo The eanalds to prove the

o ‘ mavigation of the Riche-
e river from the St Lawr

! enee bo lake (,‘h;unp]u,in.
Ihe first of these grouss

I l)'f;“,- it 1 ‘tant
1t estoblfote, Y far the most nnpm(umf

: navigation hetweer the oee
system <.>i lakes which streteh away into the interior of
the continent throush some of the finest I"‘t qets "‘ the
United States and Caniu ‘ i with fac l

an and the gr:uul

iy providing thew with facilities
al traflic, sueh ag are enjoyed by ne
cynal size. Befoye noticing the arti-

.('iill “ll]\'\' l ‘\ i (M) l‘
‘l. > n t]”,' vreat b 1 ) 1 1,
N b h1l|]l U' lll!;l“‘l l)«'l.\'l"“}lvi 101, ¢eXLeln

for internal and extorn

other inland region of

me tov 2,000 miles westward fron

Lo vthe onlf o St Lawrenee,
1t wild povhaps bo as well .

to vive o shight deseription of
berself has formed.

. .

Commencing then at the we

(l.-) | AN SUPERIOR—] oy hebween 932 and 85° West
Longitude and between 47 and 19° North Latitude, 16 is
n(-;ul.y 400 miles lnng from west to cast, and m»\':;rs :m arci
of 32,000 square miles, with a surfien level of GOO feet above
the sea, and o moean depth of 900 foet,
western coast by the State .

those portions which nature

stern end -

It is bordered onits
the Stat £ ol ~““\Hl‘\'ni,t:1, on its southern by
he States of Wiseonsin ar s . X
e . '115}11 and Michican, and on its northern
¥ the Canadian provinee of Ontario

eud. 1 ' Tty upper (western)
ud, kKnown as ¢ Foud dy Lue, §

s 1,950 miles frow the gult

THE CANALS OF CANADA.

of St. Lawrence, At its eastern end it narrows into a river
ealled the “Sault St. Marie,” which carries its surplus waters
to like Huron through a course of 53 miles, in which is
rapid overcome by a canal I mile in length with 2 Jocks of
19 feet total drop.

(2)  Laxku Hurosx—DLies between 487 and 437 North
Fatitude and between 847 and 81° West Longitude, It is
about 270 miles lonz from north to south and covers an aven
of 23,000 square wiles, with a surface level of 5374 feet above
the sea, and a mean depth of 450 feet.  Teis bordered on its
western coast by the State of Michigan, and on its vorthern
and eastern coasts by the Canadian provinee of Ontario.
At its southern end it narrows iuto a channel which carrvies
its surplus waters to lake Erie; this channel is known for
its first 33 miles as the “St. Claive” river, then for 23
miles, in which it widens out, as “ Lake St. Claive,” and
then for the remaining 18 miles of its course to its junction
with lake Erie as the “ Detroit viver” A channel has heen
dredeed and is kept open through the sand flats of lake
St Cladre, of suflicient size to pass the largest lnke-vessels.

(3.)  Laxwe Micuican.—This forms a separate branch, as
it were, of the main line of lakes. It joins lake Huron at
its head, just below the mouth of the channel from lake
Supetrior, to the general line of which lake it is alnost at
vight angles. It lies between 42° and 477 North Latitude
and between 8G° and 88° West Longitude. It is about 300
miles long from south to north and covers an arvea of 22,400
siuare mifes, with surface level of 578 feet above thesea, and
a mean depth of 1,000 fect. Tts waters are entirely American
(United States), the houndary between Canada and the
United States, running north of it along the middle of lake
Huron and of the Sault St. Maric river. Its castern and
northern coasts are bordered solely by the State of Michi-
gan, its western and southern consts by the States of Wis-
consin, llinois, and Indiana. At its southern end is the
celebrated city of Chicago, one of the most important railway
centres in the country, with 450,000 inhabitants, owning ¢
flect of upwards of 400 vessels and exporting annually about
90 millions of bushels of grain besides great guantities of
other products of the ficldand forest.  Chicago is 1,806 miles

Iy
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¢anada, but now chiefly of importance on account of being
situated at the head of the St. ILawrence, where lake navi-
gation ends and river navigation commences, and much
transhipment has to be donc. ¥rom Kingston the “ Rideau”
anal rans northwards to Ottawa.

(6.)  Tie Rivee St Lawrescg.—The accumulated waters

of the great lake plateau, some 400,000 square miles in ex-
tent, flow out of lake Ontario by the river St, Lawreunce,
which carries them for 723 miles to the gulf of the same
nanie.  For the fivst 178 miles of its course, as far as Mon-
treal, the river 1s erossed at several places by roeky barriers,
which act as dams and divide the river into a series of long
nearly still-water reaches, separated by rapids.  Into these
rapids are concentrated about 214 out of a total fall of
223 feet. Below Montreal, the river, with a total fall of 11
feet, tlows on unobstructed by mvky bars but widening
out at intervals into broad expanses of shallow water, till
at 86 miles from Montreal and 74 above Quebee it mects the
tidal flow and from there continunes hroad and deep to the
eult of St. Lawrence, a further distance of 459 miles,

This noble rviver is the natural outlet for the foreign
traftic of the lakes, providing the only route for a continu-
ously descending channel from them to the ocean.  Such a
channel Canada has for years possessed and is now improv-
ing, and the works on it ave those that form Groue 1.

Taking the works of this group in order ascendiny the
river they are—-

(«).  Deepening the St. Lawrence hebween Montreal and
Quebee,

(D). The ¢ Lachine Canal” on the island of Montreal,
avercoming the St. Louis rapids.

(). The “ Beaubarnois Canal” on the south side of the
St. Lawrence, overcoming the ¢ Cascade,” Cedars” and
Cotean™ rapids.

(d). 'The « Cornwall Canal” on the north side of the St.
Lawrence, overcoming the ¢ Long Sault” rapids.

(e). The Williamsburgh  Canals” (three) on the north

side of the St. Lawrence, overcoming the © Farran's Pomt,

“ Rapide Plat” and ¢ Galops™ rapids

21
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() The = Welland Canal™ from lake Ontario fo lake

Fvie, overcoming the rapids and falls of the Niacarariver.

4

{)—DErrENiNg e St Laweevek—DBetween Quebee
and Montveal, n distance of 1450 miles, there are several shoals,
the clitel of which is whore the viver widens out into the
expanse, Homiles x o8 miles, known as lake St Peter. Up
till 20 yewrsaco there was not, witer cnoucsh on these shoals
to float eraft of more than 1L feet, dranehit, but sinee 1850
a channel 300 fect wide and deep enongh for vessels draw- g SN e 2
ing 22 et has been dredged through al obstraetions. The . 1y

result of this work has been to moyve the Lerminus of ocean=

S‘Antoo;w de v Bowe
LAC ST PIERRE.
Bchelle de Milles
oV L)T;“;ﬂ:ﬁ:‘oﬂf L GEORGE MADRAS 1877

gotg ships 160 miles firther into the heart of the comntry,
creably facilitating and cheapening forcion traflic
Port of Mou- Plii; ffiect, om the portof Montreal has heen most marked.

lTts imports and exports hiave increased romn I:'),l':l(),:“l
dollirs and 2,692,086 dollars in 1857, to k027 704 dollurs
and 22,045 455 dollars in ISTA, and the tonnage of its ses
gomg vessels from 67,740 tons o 423,425 tons in the smme
years.  The channel is now being decpened to 25 feet, and
Montreal is busy extending her wharves and making her
harhor worthy of the creat commereial advantages of her
]H)Siﬁ(nl.

On the Rirer Linprocements there is now l‘m])lny(:d Uhe
following plant . —
Value, dollars.”
6 < Clyde” built elevator dredoes, each 865,000... 390,000

1 do do .. 45,000

1 do do ... 20,000

1 Paddle wheel tug . 26,000

6 Serew tugs 48,000 "‘e
1 Stone lifter 2,000 5
24 Barges, Scows, &e. ... B7,000

Total ... $588,000

Dredging. The cost of dredging, raising, towing and depositing 18

stated to vary “ from $1.79% cents per cubie yard of small

and large houlders, to 11 cents per cubie yard of soft clay.

* Noteo—The dollar in Canada is worth 4 shillings.

. - e
exwroaiior Crvers and !

i)
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For the Harbor Dprovements the plant 15—

1 Elevator dredge, capacity of bucket..... 4 cubic feet.

> “ Spoon” dredges do do e 40,
known in the United States as < Osgood” dredges
(sce photograph attached, and see drawing with
separate plans.)

oo

“ Clam shell derricks,” chicfly used in taking the stuff
off the ““ scows” and placing it on the shore where
the water is too shallow to allow of the scows going
alongside.

3 Tug boats.

17 “ Dumping Scows.”
“The total quontity of dredging done (in scason of 1875) was 169,419 Rg;g{%g%gg?
cubic yards, and the gross cost 76,307 dollars, or an average of 45} cents bour Commis-
. . . . . . sioners, 1875,
per yard for dredging, towing and unloading hy derricks, including all
expensoes of tho year for vepairs, working and maintenance of the plant, but

not including depreciation, novr intervest on first cost.”

On the 27th June, 1876, T saw the dredges at work. Three Dredges.

of them were excavating foundations for a line of wharves
in between 25 feet and 30 feet of water, the bottom being
very stiff clay mixed with boulders, known as “hard-pan.”
The ends of the “scoops” or “spoons” were armed with
large teeth and the engines had to be so worked as to
bring these to bear with jerks, which, of course, racked the
dredges and severely tried the cngines, but the work was
being done at the rate of a scoop about § full, say 30 cubie
feet, every two minutes.

The wharves are being constructed of erib-work, the Wharves.
cribs, however, being filled with clay, cxcavated out of the
bed of the harbor, instead of, as is usual, with stone. There
are now 20,585* lineal feet of such wharfage which length
is to be considerably increased.
The city of Montreal is situated on the south-east side of City of Mon-

the island of the same name lying at the confluence of the e
Ottawa river with the St. Lawrence, and is on the left

* For vessols to 10’ draft 5,665.
18' to 20" ,, 11,270.
24',, 3,650,

bR ih

R 0
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THE LACHING CANATL

Bank of (e fadder viver. His situation, ab the junetion ol

two gread vivers, and where there is a break  from occan to

infaed Gradlie, makes it the most important commercial
centre of the dominion. Tts population is now 108,000,
which i vapidly hieveasine. AL Montreal, the St Lawrenee
s spanmed by the celehated = Vietoria” tabular bridge.
Season. The naviention of the St Lawrenee is closed to sea-going
vessels by dee o about 5 months of the year, generally from ‘" g
commetecment of Deccinber to commencement of May. ! < 5
(b The Laching Canal.* —hamediately above the city 7 o ‘§
of Monbiead ocewr the first rapids that har the ascent of - ;,1:“
the river, Known as the @ Lachine” or “St. Louis™ rapids, 2 i ! ;
ghe i &L miles heing nearly 45 feet, the greater parb Y . ? i
of which s coreentiated into about 3 iles. To avoid 1* i z " gl‘:
. . AT . 4 s
theseapids the Lachine eanal was constructed across the RN M \ cé TN |
southorn corner of the inland from the city of Montreal to o '(‘ ; f)} [ N 5‘5 Z:: & | :.:
“lake St Fowis” o wide portion of the St. Lawrenee. 16 TN TINMERDY o :3’ PR iﬂﬁ:
Origiual was cotnnenced inJudy 1821, and in 1825 the fivst VCSS(J:]S L;ﬁ ’:} c a & \| E
were passed throngh, 1o was then 8 miles, 718 yards u.! * 3 = H
leneth (includine chinnel formed in the river by « wing= ) : S TS 4 £ ‘:‘IJ éﬁ%
dam™ above the < aguard” Toek), with a water breadth of 38 » W, faR : ' T 5 Q \ 3
feet and o depth of 5 feet, and had 7 cut-stone locks 100 o £ x g
foet x 20 foot with 41 foet on the sills. Tty cost was £109,601, §‘ ,3 R
of which £10 000 were contributed by the Imperial Govein- % g - : :
‘ ment bo =eenre free passnce of its vessels and stores. é ";, H
F;y;ggg)rmfltgh The enfargoment of the canal having been found necessary '~ :\) i
T was conmmenced tn 1813 and finished in 1848, the channel N
being the same lenally as before, the breadths at bottom E
80 feet, and ab water surfwe 120 feet; the depth 10 fect. R!
The nutaber of locks was reduced to 5 with a total lift of '
417 feet, their dimensions being 200 feet x 45 fect, the ("\\\ N
three upper ones having 9 feet on their sills, and the two . "; :\;
Tower ones 16 feet s this greater depth being given to admit o é =
the largest sea-going vessels, which it was then thought N "\\ g
would conie to Montreal to the basins which were construeted ~ g ¢
in connection with the canal, I g’
Cost. The total cost of the new canal from its commencement ; :
to 1867 was £527,252. e
e e e e e e e 2 et e ?f‘)
# Vigited 27th fo 30uh June, 1876.




THE LACHINE CANAL.

The canal commences at the havbor of Montreal. The
entrance is formed by a pier of crib-work, extending from
the south wing of the lower lock into the river for 250
feet, to which vessels ean moor.

Lock 1 has an extreme lift of 13 feet, and between it and
Lock 2 is a basin, 580 fect x 180 fect, with dressed stone
walls, along the northern side of which is a wharf.  Lock 2,
similar to Lock 1, lifts (13 fect) from this basin into anothe
onc (No. 2) which is 2,200 feet in length, and has a saper-
ficial arca of nearly 14} acres; it is lined with masonry
walls and has extensive wharfage.  Out of this hasin, at its
north-western end, open two others (Nos. 3 and 4) which
run parallel to cach other and about 130 feet apart, their
superficial area being 32,450 square fect and 50,000 square
fect, respectively, with an aggregate of 3,590 lineal feet of
docking. At 100 feet and 700 fect, vrespectively, above this
basin (No. 2) two “slips” or basing with ordinary slopes
¢ pitched” open out of the canal and afford about 150,000
superficial fect of accommodation to small craft and timber
rafts.

From Lock 2 the canal continucs through the town for
nearly a mile, flanked by mills and warehouses, to Lock 3,
which has a lift of 8 feet 9 inches.

- Lock No. 4, which is 9,400 feet above No. 3, has a Lift of
9 feet. Near this lock are several mills, manufactories and
clevators, worked by water from the canal.*

Lock 5, (the “guard” lock), is about 4% miles above No. 4.

* “ The propricty of leasing the surpins water of tho canals iy question-
able. It has been urgod in its favor, that manufactures are, by this means
placed in immodiate connection with tho navigable watoers, that it is a
great advantago to mill owners to find ready to their purposes, an available
wator-power; and that it givos, at onco, a direct revenuo to the Govern.
ment, in tho shape of ront, as well as an indircct revenue avising from the
increased general pospority. ’

Admitting those advantages, there are, on tho other hand, certain draw-
backs. One of the groatest of these is the increased current created in
tho canal, and the consequent inconvenience to vessols passing through.
This inconvenience i8 so much folt at the present time, that tho evil far
outweighs all the advantages—yet how much more must it bo as the traffic
through the canal increases.”-—{Gencral veport, Commissioner Public
Works, 1867).

125

Description of
existing canal.
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Locks.

THE LACIHINE CANATL.

It opens mto a channel formed by a crvib-work pier or
“Cwing-dam™ 4,650 fooy fong, which extends up the river
ronghly pavallel with the shore: Ghis was constructed to
ratse .hhw waderat the enbranes Lo the eanal, and 15 nsed for
mooring vessels to; it has o small iehthouse at its extreme

end. This ehannel leads nin the expansion of the St

Lawrence, k VIS A
; mee, known as ake S Louis,” whoere the chief

channel of the Ottawa river comes in. The Lachine canal
therefore, ncecommodates the traflic of both rivers. '
Al thoe Tocks are 200 fog iy lenoth and 45 foot | i
between the qroins: the twae I()W:i }()mbtl‘%(] .: )‘]il(:{ “‘%Z“’L‘t‘(l\L]]‘
having 16 f{eot depth on their sills, and Ll;(‘x ‘tl;rcclu d e
9 feet. They are hui SR . ppoy one
‘ ey are built of stone in hydvaulic mortar and are
founded on timber platforms under which, when the bottom
was soft, a hed of conerote was latd. The water is admitted
and let out of them throneh wickets in the gates only,
there being four, 4 foof, x o feet in each leaf, closed by U:l;b

iron turnine valves Joos i ’
g vatves worked by serew gearing al the top of

the cate. The sills of both gates arve at the same level, o
“breast” wall near the entrance to the upper bay retaining
the bed of the eanal, This system s adopted berause
elevated sills are unablo to stand the shocks given to gates
by heavy vessels. The gates on these loeks are not un-
frequently rammed away hy Jarge vessels, but as no ma-
sonry below waler js thereby injured the damage done is
easily repaired, l

AN the sills are timber trussos. These are bolted down
to lavce cross timbers Iyine in trenches 8 feet below the
ﬂ(.)m', the space between them and the flooring being filled
with vammed puddle. The weates (two leaf) a;'e not
‘t framed)” hut are built up of solid longitudinal timbers,
from .Ib’ inches to 20 inches thick, bolted together by
large iron holty running throngh the whole height of the
gate, and strenathened by vertical posts, or binders, There

rlv‘ . o s - A
are no separate “heel” or “mitre” posts, the ends of

the longitudinal gate timbers being shaped to the quoins
and mitres, The gates move on a pivot at the heel and
are suspended by a wrought iron strap on each side,
attached by “ turn-huckles” to a wrought iron strap passing
round an iron pin held directly over the centre of revolution
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by a timber which lies on, and is bolted to, the side wall.
This system of entire suspension is found very superior to
that of letting the gates rest on vollers travelling on tracks,
which frequently get obstructed by deposits.  As a provi-
sion to enable them to he worked in case of breaking of the
suspension hars, the gates are sometimes provided with
rollers which, whilst the gates are in suspension, are kept
clear of the tracks. The tops of the gates are held in posi-
tion by the ovdinary arrangement of collars and anchors.
They work with asmoothness and case not often found with
such large gates. The gates are opened and closed by drag
chains worked by crabs, except in two cases, namely, the
upper gates of Locks 1 and 3, to which the pole arrangement,
so much in favor in Holland, has been fitted and acts most
satisfactorily, two men working the ponderous gates with
case. The pole, which is a piece of hard wood, 8 inches
broad x 5 inches thick, is fastencd to the leaf about 10 feet
from the mitre on a vertical pin or pivot, round which it
can move. It travels over 3 friction rollers (1-3”, 2-4", and
3-5" long, respectively,) on the coping. A chain fastened to
each end of the pole is passed round the drum of a crab,
which stands on the coping across the pole, so that when
wound one way the pole is forced forwards, and when wound
the other way it is dragged back, turning, as it travels, hori-
zontally on the pin on the gate and accommodating itself to
the varying divections due to the curved path of the gate.
Under the crab the pole passes between two cheek pieces, 1
foot 3 inches apart, which keep it from swinging wildly and
also act as stops to a pin running through the pole at exactly
the place which will bring the gate to its mitreing position ;
these are useful in holding a leaf if the other gets bumped
open forwards, as iy sometimes the case, by a heavy vessel
against a pressure of water, assisting the clapping cell in
holding the leaf till the other one springs back into position.
This pole arrangement if used for lower gates is very liable
to injury from boats in the chamber.
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L made some notes of the times of working the locks, of
which the followmw 15 an abstract —

Locl: T.~Thvee lavge barges, fully Lulen with sawn timber,
entered from above and

.
1, W . - N Py
Gates (with pole arrangement) commenced to he
closed, one man to cach leaf o 11239
‘ .
Gates quite closed (some delay caused by one of
the boats getting in the way) .. 11-41
Owing to some arranging among the boats,
wickets in lower gates were not commenced
tc be opened till o 11-50
Wickets fully open (one man to cach).. .o 1151
Commenced to open lower gates, 2en to cach
erab L. 59
e 11-522%
Gates fully open ., e 112541

As the river was very full there was a drop of only about
6 fect,

Lock 2.—Lift 13 fect. Two boats, lightly laden, one (capa-
city said to be 10,000 bushels of wrain) 110 feet x 22 feet at
broadest part, the other (capacity said to be 20,000 bushels
of grain) 150 fuet x 26 fect entered the lock from below and

k. .
Lower gates shut . e 42251
Commenced to open upper wickets, cach hard
work for one man veo 4-28
Wickets fully OPCN., o 4-30
Commenced to open upper gates, 2 men to each
crab .. e 4-33
Upper gates fully open . 4-341
Lock 3.—Lift 8-9". Grain boat, earrying 21,000
bushels of wheat, entered from above ... v 11125
Upper gates shut (pole arrangement)... ..o 11-14
Commenced to open lower wickets ... ... 11-16}
Do. do. do.  gates ... ... 11-19
Lower gates fully open e e 11-20%
Boat clear out .o ver 11-238
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As the canal is used by schooners with high fixed masts, Swing Bridges

and by steamers with hurricanc decks, all the bridges on it
have to swing open. There are six of them belonging to the
canal, (and one wrought-iron girder bridge of the Grand
Trunk Railroad), three of them over locks. They are all
timber trusses, varying from 79 feet to 86 feet in length and
from 11} feet to 15] feet width of roadway. One, over lock
2, is worked by water-power from the canad, one by horse-
power, and four by gearing worked by hand. Their wenual
construction is thus descubed by Mr. J. Gt Sippell (in his
report of 31st August, 1867) :—

“The timber bridgoes are formed of string pieces, braced horizontally with
timber and iron eross braces, the side of the bridge forming a vertical truss,
composed of diagonal eross bhraces of timber, placed between the stringers
and top rail, hold iu their places by iron tioc bolts, with nut and scrow ab
cach end. A ballast box is formed at the heel of the bridge to counter-
balance the weight of the toe. There is a gallows frame orected at tho
pivot beam, over which the suspension chaing pass, for supporting the too
of the bridge, when open. The longth of these chaing is graduated by
means of serew buckles.  There arc two rollers attached to the heel of the
bridge, traversing on an outer segment of cast iron, seeured to u stone
foundation. Rollers are also placed near the centre of the bridge, travers.
ing on an inner segment, secured to the stone picr, for supporting the
pivot. On the smaller bridges this pivot is placed in the centre of the
pivob beam, and 8 feet 8 inches from the face of the abutment wall; but,
on the two larger bridges, at Montreal, they arc placed at the side, about
two fect from the face of the wall, and secured to the under surface of the
corbel below the stringer.”

The canal is closed by ice generally from the commence- season.

ment of December to the commencement of May ; the average
Iength of the open scason for the last 25 years has been 219
days.

For some years past the advisability of enlarging all the Enlargement

of
St. Lawrence canals to dimensions which will allow the

passage of the largest vesscls navigating the lakes, has been
under discussion.  On one side it has been urged that such
a step 1s unnecessary because the present system of tran-

shipment from Jarge vesscls into smaller ones or barges at

Kingston for transit to Montreal i is, and will continue to be,
the most profitable, as return cargoes are light and as it is
not advisable for sailing vessels to proceed further than
where they can use their sails to. On the other side it is
contended—(1.) That ¢‘large vessels arc more profitable than



130

THE LACIHIINE CANAL.

small ones on all channels between places that are

' consider-
able distances apart.”

‘ (2.) That sailing vessels are rapidly
!n:.mg superseded by steaners (¢ serew propellers”) and Lh:;h
1t isnot judicious to restrict the latter to six-suvenL’]m of the
voyage hetween Chicago and Montreal.  The matter is not
settled yet as regards the whole of the St. Lawrence (::;tmls,
U Ottt o el et et e i of

' L ce, and as its lower
portion has to be increased in size to enable occan-goine
vessels to get to doeks and wharves, it has Leen dccidid tz
enlarge this one of the eanals at an estimated cost of nearly
six millions of dollars (£1,500,000) and part of the work is
now in hand. |

‘It was ]Il.tL‘,Ild()d to usc in the enlargement only the portion
of the existing canal which is within the limits of the city
and beyond that to make an entively new channel near thc’
present one, but the land over which such a line would have

I:ilSSCd hzwi}ug suddenly gone up in value from $120 to from

S11L,000 to 518,000 an acre, that scheme had to be abandon-
ed and the enlargement of the existing canal for its whole
length (except between Locks 1 and 2) has been decided on.

A new entrance is to be made from Montreal harbor.
From this, » Lock (No. 1) with 18 fect of water on its
upper sill {or rather ¢ breast wall”) will lift into a masoury
lined basin 540 feet long and 19 feet deep, from which
another of similar dimensions and parallel with it will
open.  From the former of these basins a second Lock (No.
2.), like No. 1, will lift into existing basin No. 2 (see deserip-
tion of existing canal) which will be enlarged, and through
1t a wide channel 19 fect deep will be made, all other parts
of the basin being deepened to full 13 feet.  Out of this
basin anew oue is to open, on the south side, to be known as
the ¢ Wellington Basin.” It is to be 1,230 fect x 225 feet
and 19 fect deep, and surrounded by masonry dock walls.
Westwards of basin 2 the existing canal is to be enlarged to
200 feet mean width and 13 feet depth as far as Lock 3,
where a new lock will be built close to the existing one.
Between Lock 3 and Loek 4 (new one to be built close to
existing one) the existing canal will be enlarged to 175 feet
mean width and 13 feet deep, and between Lock 4 and
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« Guard” Tock (new one to be built near existing one) at
Lachine to 130 feet mean width and 13 feet deep, giving a
sectional area of nearly double that of the present canal. A
new entrance channel, 260 feet wide and 15 fect deep, 15 to
be construeted at Lachine, and will be formed by a con-
tinuous line of ¢ erib”-pier about 6,200 feet in fength.

The total estimated cost of these new works is a hittle
ander £1,500,000.

Docls and Busins—Basin No. T and “ Wellington Basin” Masonry

WOI'KS on new

were commenced st year (1875).  When I visited them canal.

25t and 26th June, 1876), work which had been suspended
during the winter was just being recommenced.  The walls,
which are of limestone masonry in hydraulic cement mortar,
are founded ou platforms of 3 inch pine planks laid obliguely
on 5 rows of timbers or Joists 12 inches square, the spaces
Letween which are filled with puddle or concrete. They
are to be 4 feet wide at top, 3 feet above water surface, to
have a {rent batter of 1 inch to a foot, and a rear one for
the top 35 foet, of 4 feet; this Iatter is called the « frost-hatter”
because it is speetally provided to permit the portion of the
around lizble to be frozen, to travel up instead of pressing
out, the wall. DBelow this “frost-batter” the rear of the
wall is to be plumb with counterforts 6 feet x 2 feet at 12
feet intervals. The face of the walls for the lower 17 feet
is of “comrsed” work, the courses not less than 9 inches in
height, the stones not less than 2 feet in length of face, and
¢he alternate courses 20 inches and 30 inches or thereabouts
in depth of bed, with lieaders at every 12 feet runuing back
4 feet or more into the wall.  The face of the upper + fect
is to be of % cut-stone,” of which the stretchers are to be at
least 3 feet long on face and not less than 2 feet and 3 feet
i length of bed on the alternate courses, and the headers,
11 foet apart, at least 2 fect on face and 4} feet depth back
of bed.  All ¢ backing” is to be of stones not less than 6
inchos thick and 4 feet area of bed. Coping stones to Le
15 inches thick, the full width of the wall, and at least 4
feet Tone, dowelled together by pieces of 13 inch rod ivon, 4
inches long, inserted 15 inches back from the face and 6
inches down from the top. At the back of these walls, and
at level of their coping, wharves will be formed, 26 fxet wide
&
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The « race-way” above and below the weir will have side
walls of « yandom coursed” masonry, that* isto say, that
both beds of the face stones must be level, but continuous
courses will not be required.”

For a distance of 70 feet below the end of the weir these
race-way walls will, for 7 fect in height, have a lining of
planking fastened into o recess or panel, 2 inches deep, in
each wall, This is a peculiar instance of the great favor in
which timber is held Ly Canadian engineers for usc mn
hydraulic works. The whole of the bed of the lower race-
way will be covered by a planked flooring which will run
under and form the foundations of the side walls, and under
this tlooring will be several cross rows of sheet piling, 6 feet
dee.

The culverts, none of which will be of great size, will be culvertz.
of masonry and built so as to admit of a future deepexning of
the bed of the canal by 2 fect, i, to 15 fect depth of water.

() The “Beauharnois Canal.”t—"Thelength of Lake
St. Louis,” from where the Lachine canal enters it to where
the viver again narrows is 153 miles. In the next 11 miles
thore are three rapids ; the first, ascending the river, is called
the ¢ Cascades,” the second the * Cedars,” and the third the
« Odteaw.” Into these is concentrated, ina distance of about
7 miles, a total fall of 82§ feet leaving between them two
short nearly level reaches. Navigation round these rapids
was, till the completion (in 1845) of the cxisting canal under
notice, cffected by four short canals which, at the commcence-
ment of the century, had locks with only 6 feet breadth and
2} feet on the sills. These were, in 1817, enlarged to 12 fect
in breadth with 3} feet on the sills. In 1843 the construc-
tion of the present canal was begun, and it was opened ab
the end of 1845. Itscost, with improvements and additions
to 1867, was £402,856. It begins at the foot of the Cascade
rapids, the entrance being formed by piers, 535 feet long, of
crib-work below water level,and a continuous superstructure
of timber.  The canal runs for its whole Iength, 11} miles,
close to the south bank of the river, entering it again ab the

[ —
* Yixtract from Specification.
+ Visited 5th July 1876.
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I it
eastern ond of e widenine Known g © Ladee St e, Entered Tth Lock (10y feet 1ift), 5,490
Just above the Coteay rapids, iy prism s 8O foeg af botton: feet above Gth e 3-30
120 feet ot water surfiuce with 10 foet, depth. 14 has 9 Out of lock .
locks, ike those of the Laehine canaly 2000 foet ) 45 fecl Enteved 80 Lock (9% feet 1ift), 10,200
with 9 feet on ghe sills, with o tolad it ol 821 qit, | feet above 7th .., o 47
The locks on this eanal e so like (he extsting ones on Out ol lock ... e A-140
the Lachine cinal, alveady deseribed, that, no separade des- Entered Ot Lock (2 feet lift), 6 miles
eription is necessary, Lug oy possibly of intercst, | will give above Sth ... .. D17
3;3’;38&?}32“0“ by notes of the time otenpied iy passing cach of them and o ) 597
Canal. " through the whole canal, in o steamoer, The vossel « The Out of lock ...
Passport” is o side-wheel steamer, (8T foeg iy lenoth over all, Trom this (9th) Lock to head of canal is
4 feet in breadtl, over paddle hoxes and of 344 Lnnx register 3,160 feet.
under main deck., She carvies at, some FO fect above her Clear out of canal ]

main deck another oo o which arg passeneer saloons and
cabing (v St:tttr-mums”), and {he

another deck fron which (he

. s1 . Je 03 akine i
Ten minutes were occupied above Lock 9 in taking in
firewood, exclusive of which the total time occupied in
, e
. . . 1. 1y € ks was ¢
ywsing through the 115 miles of canal and its 9 locks was 8
assing {

vool over Lhese forms
steering s done——

T

oth July, 1876, b oan. hours 50 minutes.  The speed of the steamer on the 11\%1
Entered 14 Lock, (1ift ahont | feet) N Y] was 11 miles an howy, so that the delay caused by this
Commenced to open upper gates.., 1.52 canal was 2 hours 48 minutes.  Of this one howr was duc
Out of Tock N DT to the lessened speed necessary in the canal, 51 miles an
Entered 2ud Lot (11 fees 1ift), 1,130 feet hour being the highest average speed attained to in its long
ahove 1st 1-59 yeaches; 1 hour 82} minutes were due to the time actually
* o t - ¢ . 3 Y S 3 3
Out of fock 291 occupied in passing through the locks; and 15} minutes
- y . el ) h ) R ., assar tra re-
Eutered 3,4 Laock: (107, 1ifty, 900 foet were due indirvectly to them, from the nece.ss‘uy ext o
above 2nd 3 9,13 duction in speed in approaching and leaving them., :o
. o= - : . 173 . » 1
Out of lock 993 total delay duc to all the locks was, therefore, 1 hour 47
. - . e i wach one.
Butered 4t Lok (104 fect 1ifs), 1,380 foet, minutes, or say, 12 minutes to ea
: =3t 9. . . ar Other chief
L]).()V(, 3rd] ‘s 2228 l Thc Oth()r pl‘in(ﬂp‘dl \V()]_‘kS on tlllb CLLIlZLl are— Structures
Out of loek , s 92872 enumerated.
: . . . i 13 Weirs,
Entered 560 Loel: (10 fet, 1ifL), 1,320 foot lock
above 4t ) 941 9 Timber swing bridges (8 of them over locks).
Out of Tock .. .. 9254 10 Culverts under the canal.
. A\ . . . . . e 3 11 3 1 d
(Noth.~Total time in passing 5 locks, All of these are in general construction like those notice

and about 1 mile Letween them, 1

on the Lachine canal.
hour 8 minutes. )

T noticed two ¢ Ferry Scows,” very like our Godavery perry scows,
’ ing acros anal, for which recesses in
« hallakats,” plying across tl.m canal, e
the banks with planked vertical sides were provided.
» Lank:

Butered 6th ool (8 feet L), 5440 foot
abave 5th 3- 6

Out of loclk .o 3-17
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General ‘Des- (/) Tho Cornwall Canal,*—The entrance to this eanal

cription.

Cost.

Prism.

Locks,

Chanunel.

Bridees and
Road tunnels.

is ab the town of Cornwall ab the head o © Lake St Fran-
cis,” 324 miles above the head of the Beaubarois canal.
It runs elose alongside the north edee of the viver, exeept, in
two places, of about & mile cach, where it euts across project-
ing points of land.  The total length of the canal is 11
miles, in which it overcomes by 6 Lift locks (besides which
there is one “ guard” loek at its head) the 48 feet of fall
in the “ Long Sault” rapids.

The canal was constructed between 1834 and 1843,

at a total cost, exclusive of repairs and manngement, of

£485,288 to 1867.

The prism of the canal is, hottom width 100 fect, water
surface 150 feet, depth 10 fect.

There are 6 “1ift” and 1 ¢ guard” locks, each 200 feet x 55
fect, with 9 foct depth on sills,  The three lowest of these
locks are only about 200 feet apart, and it took 49 minutes
to pass through them in the steamer above-mentioned, part
of the time being due to a delay caused by a lnvge grain
steamer (“ screw~propeller”), which was going downwards,
being in the middle lock when we were ready to enter it.
When passing through these locks it was Dlowing hard in
austs, and though the steamer was well handled she hump-
ed heavily against walls and gates, and I saw how necessary
it was to have solid gates.

The north side of the canal 1s everywhere in entting, hut
on the south side the water is retained and the tow-path
formed by an artificial bank, founded chiefly on the bed of
the river, protected on the river slope by stone-pitching and
on the eanal side by drvy-stoue facing for 2 feet above and
2% feet below water surface to take the wash of waves,
This embankment is said to have given frequent trouble by
settling and sliding.  The general construction of the lTocks
and weirs in connection with them is like that of those on
the Lachine canal,

Land traffic across the canal is provided for by one timber
swing-bridge, 10 feet wide, 56} feet span between abutments,

* Visited 5th July, 1876
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and by four © Road Tunnels” wider the eanal, These are 12
feet wide, 6 feet high at the side walls and 10 feet high at
the crown of the arch.  OF them, it is stated “they* are
generally passable for foot travellers and carriages ;7 also
“they* have to be cleared out once a month” 3 and also ¢ thek
viver backs up into them,” from all of which it iy cvident
that like most works of a similar character they are not very
satisfactory passage-ways,
It is estimated that the cost of improving and enlarging Bstimated cost
thiy canal to the same capacity as the new Lachine canal of enlarging.
would cost £540,000,

() The " Williamsburgh Canals.”—The channels
known collectively under this title all lic on the north side
of the river. 'They are—
(1)« Farranw’s Point Canal,” 5 miles above the Corn-
wall canal, ¢ mile Jong, overcoming by 1 lock the fall of 4
feet in the rapids of the same name.
(2.) At 10} miles higher up the river the “Rapide
Plat Canal,” 4 miles long, overcoming by 2 locks the fall of
114 feet in the rapids of the same name.
(3.) At 4} miles higher up the river the “ Galops Canal,”
75 miles long, overcoming by 3 locks the fall of 153 feet in
the rapids of “ Point aux Iroquois,” “ Point Cardinal,” and
“ Galops.”
All the locks on these canals are 200 feet x 45 feet, with Locks.
9 fect on sills, and they and the other works being similar
to those on the Lachine, Beauharnois and Cornwall canals,
I did not inspect them,
These Williamsburgh canals were constructed between Canals when
. , X . R 0
1843 and 1847, and with subscquent additions cost to 1867, and cost.
exclusive of repairs and maintenance, £330,164.

Descending vessels of moderate draught and ascending
passenger steamers do not use the Williamsburgh canals.

“ Pagsongert steamers ascending from end of Cornwall canal to the head
of the Galops rapids, keeping altogether in the channel of the river, make

* kxtracts frow official reports.
+ Extract from official report, 1875,
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Ontario being 11 miles wost of the end of that river,

The oviginal eanal did not yun divectly from lake
hat from Inke Ontario to the Welland viver
Janction with the Niacara river.

G to lake,
Canal. : '

Just above its
It was constructed by a

* Visited 17th 1o 2204 July, 1576,
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Company, assisted by the Governmen{, and wag opened in
November. 1829, I passed vessols of 3D tony harden. 1o
1831, the Govermment granted o loan off £50,004 for Binproy-
ing the canal and continuing it frow the Welland river {ur Enlargement
64 miles bo Port Colborne, and div 8355 was opened what cadal
niay be considered as the presentennal, which, however, has
sinee that time bLeen considernbly heproved, The locks
then were all of wood and vavying fvom L1 freb x 22 feet
to 130 feet x 32 feet. I isth the Govirament,

¥

ipaty, bougn

previowsly made various loans to the €
the stock and acquived sole possessinn of the eanad, the

total cost to the Government of the works heing 452,857,

Between 1843 and 1845 enlarged stone-jocies, 150 foet x

26 feet, with 9 feet ou the sills, were esvstrneted, and at

various times improvements have becn carviied oub ab a cost

ol £1,266,675, which have broughi the cunal Lo it prosens

condition.

The entrance from Jake Iiric is formed Ty plirs of @it Description of
work, the western one vunning in a south-westeriy divoction :Bi?ltguwlboliltlgi
for 1,600 feet and the castern one in a southerly diveetion R
for 500 feet from the shoreline, where they ave 150 feet apart,
From the land end of these piers theve is n basin, 1475 feet
long, with an average width of 265 feet and a deptiv varying
according to the level of the lake from 11 feet to [3] feet.

At the end of this basin is the « Port Colboime Lock (No. 27),
with an ovdinary 1ift of 8 feet to what is keown as the
“ gummit-level 7 It will thus be seen that the canal 15 not
a continuous descent to lake Ontario and cannot, therefore,
draw its supply from lake lrie. In order to lessen the
depth of cutting (now 45 feet) through the highest part of
the dividing ridge between the lakes, the supply for the
canal was arranged from the “ Grand River,” which cmpties
into lake Krie at port Maitland, 17 miles west of port Col-
borne. This river is dammed about 5 miles above its mouth,
its waters being thereby raised to a level which admits of
the canal surface being maintained about 8 feet above the
ordinary lake level.  The channel down which the supply
water is brought is, from its head at the town of Dunville
to the Welland ecanal, 21 miles long and is navigable, with
depth 9 feet, for its whole length.  Iive miles from its upper
8
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vm[. o navegabdc braneh whieh Toeks info the ke at port
Ni”“:”“l' The supply obtained by thisesisting arrangement
13 ).n dry semsons found Lo he hivvely enough to keep navigation
come, The © summit-level!” extends from Lock 27 l:'l],l.p_
wentioned, for T miles to the Allanbureh Lock (No. 26).
Tor Frmiles from Lock 27 there s o heavy rock cutbing
through stratificd lmestone. The feeder i‘./’i“\' at 7 milt;\‘
along this reachand about o mile hevond it,.(h(' < Welland”

or Ui At Piver Je or ) .
( i P PIVOr 1S Crosad I»l\‘ Lomasonry “‘1‘“.‘]”(.[‘ of

4 oarvches ¢f 20 foon v Vo . .
Bots s el span and T ofeet pisos s the river is

navigahle by ot likeoooi [t
1]‘_‘[ e by dighig Inkeecoine eralt for <ome 10 miles bicher
up th Jere - y f
P than wheve the aguediet erosses nnd Blocks it, @ short
Lranceh cinal, with o lock of 17 foet ’

: e drop, connmunicates with
it For o miles hovand tl

to W o i w :“I”“‘K\H'l the canal ]\'(‘l‘])h’(‘ll),\‘(,‘

o aere s another short side-cub and lock into
the viver Somides above snonth af Chippewi, a smatl
port on the Niacara river 15 miles from ils head on ke

IRETINR . 1
Exvie cnd about two miles above the falls,

-
lhu‘s-t}m -c:nml has Uiree scparate navigable entrances from
lake Ivie, viz, port Colborne, port Maitland aud Chippewa;
tgl:;ﬂmt. ];(f)\\'cvur,])lu]-mg_g the ouly one much used by pavi-
gation. At port Robinson a deep cuttine co nees and
continues for 21 wiles to A\me}nln'n‘h Lo(:-;' lilmu‘:lft'
L . o k (No. 26), about
1 h]lI-L'.S of the distanee heing known as ¢ The Deep Cut,”
I which the hottom of the canal is 45 feet below the origi-
nal snrh%ctr of the gronnd and about G0 feet helow - the pre=
seil Nll‘l'(:u‘«‘, that having been raised by spoil. This cut is
tl'}'““.’_{“ »'%i“' clay restinge onan unstable sub-stratum rescm-
bling quicksand, and munerous slides have enod grent
trouble and expense. AL 500 feet above the Allanbureh
%01‘7 Fhes s Sward gntes whieh serve to retain the water
e the “ desp cut” ab awniform level, and therchy lessen the
lilszility to slides s they also prevent any scrious catastrophe
from the emptying of all the water in the long “ summit-
level” and feeder when, as is sometimes the case, the gates
of the drop lock are torn away by ill-managed steamers.
These guard gates are not allowed to be open when any
vessel is in the lock or approaching it trom the upper reach,
The Allanburgh loek drops the level 131 feet to a reach 3

THHE WELLAND CANATL,

wiles long, which erosses the « Beaver Danx Creek™ valley
between high embankments, then passes through a natural
sheet of water kunown as © Mavlati’s Poud,” and ends at
Thorold Lock (No. 25), just before whica ave gruard zates
similar to those above Lock 26, The eanal then passes
through the village of Thorvold, and in the next 5§ wiles
descends 306 feet, by means of 24 locks, to the “ 12 mile
Creck.” This ereek having been dammed at ibs outlet
into Inke Ontario a ¢ pond” has been formed, 33 miles in
length, reaching up to the town of “ St Catharine’s.” Into
this « poud” the canal drops, as above stated, and from it a
Tock (No. 1) passes the navigation out of an ¢ inner basin”
of some 40 acres in extent into the ¢ outer basin” and lake
Ontario at < Port Dalhousie”” This outer basin is 8 acres
in area, and from it crib-work piers, 1,800 feet Tong and 200
feet apart, Tun into deep water, the channel between them
being kept dredged to the vequired depth.

“ The harbor is easy of access and egress in almost any wind. Theve is
na percepiible current to contend with, and inside it ix well gheltered by
the bigh fandson the east and west sides.” —(lixtract frow Chicl Fogineer’s
Report, 29th April, 1872,

The present canal is regulated throughout for the passage
of vessels of 145 fect long, 26 feet broad and 19 feet draught.
The largest vessels which use 1t are of about 400 tons, but
seldom carry more than 300 tons, or 4,000 barrels of tlour,
or 18,000 bushels of grain.

The hottom hreadth of the canal varies from 50 feet to
70 feet; in the rock-cutting, where the sides are perpendi-
cular, it is 58 feet; through the remainder of the “suminib-
level,” including the “deep cut,” it 1s 50 feet.

The locks are all 150 feet x 261 feet, except Nos 1 and 2,
which are 200 feet x 45 feet, and No. 27 which is 230 feet
x 45 feet; the least depth onsills is 10 feet. A detail des-
eription of these locks and other existing works is consider-
ed unnecessary as they resemble generally thosc on the
Lachine canal, and the new locks, &e., now being built, will
be fully described.

I will give, however, some notes of observations of passage
of vessels through Locks 3 and 2, the former 150 feet x 26
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moved out of this lock with muel greater ease than she did
oul of the smaller one.

Through the same Lock (No. 2).—Large 3-masted schooner
“ R, Norwood” going southwards light, drawing only 4 teet,
(but when fully laden® drawing 10'-3” as water-mark show-
ed) came up to the Jock just as the “ Oliver Mowatt” was
entering from above, and therefore had to make fast to bank
below lock and wait.

fe. m.
She unmoored and 4 horses commenced to pull
at her at ... 10-50
Goot fairly into the lock .. ... 10-58
Lower gates closed e ... 10-59%
Clear out of lock ... ..o 119

Saime lock, serew steamer “ Empive,” drawing 9% feet, going
northwards with, it was said, 20,000 bushels—

h.oan,
Entered the lock and gates shut ... o T-14
Lower gates open .o 11-20
Tairly ont .. 11-21%

Tt will be scen that it takes a steamer only about a quarter
of the thne that it tukes a vessel towed by horses to get out
of a lock. The delay caused by each lock on the canal is

generally stated as 20 minutes, but as all the locks but three Towing.

are of the same size as No. 3, I consider that, including re-
duction of speed on approaching and leaving, each lock
delays large sailing vessels not less on an average than half
an hour.

Thourh the towing on the short reaches between the locks

is generally done by horses, on the long reach from Port
Jolborne to Allanburgh, 144 miles, it is gencrally done hy
steam tuzs,  One of these I saw on that reach towing one
large 3-masted schooner and two 2-masted schooners, all
fully laden going towards lake Ontario. Another tug I
saw take a large 3-masted schooner, lightly laden going
towards lake Erie, from the guard lock to Welland, 6} miles
in one hour and 10 minutes, with heavily laden vessels the
same distance takes, I was told, upwards of 2 hours, and the

* Said to carry 18,000 bushels on lake and 16,000 ou canal.
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pass throush the canal, and now, it is said, t]n‘uc—[‘oln'um of
the tonnn e ciployed on the lnke traflic
Ontario.  Avrived at, the
:11».145‘ to proeced further without transhipment, it is not sur-
prisine that the areater portion of the contents of these ves-
sels goes to New York from Buftlo b
centre there, o by the I

cannot pass to lake

castern end of lake Erie and un-

v the rilways which
irie canal, the castward going freicht
e » the eastw: g lregh
0 g * N ‘ 0
of which is double that of the Welland canal. i
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stream of western traffic moye
to make Montre
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A into Canadian channels and
( . U instead of Now York the areat orain
uxpurtmg port of the Nortly Anmeriean Cnntil:mt :Vith
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estmated at L2,310,000, the Btiine of N DL
the laroest vessels n:win':ttiw-'Ifrt-ll];?(i;f tgle ?\ L‘.”dll(l (“m]‘l]].f\o‘l
The splendid works Iy ‘ﬁ] ol th \ R “(W]m‘t‘." the lakes,
by tho ereat Yy which thisisto he accomplished, Thad
progress and, thoerefope u ng: .n,"y were in all stages of
. » particularly structive, and I spent
so.r;lm} days 'on them.  Before noticing individual work.&; it
;‘:flltc“g,e;?.lvlmble to give agencral view of the improvements

I'he pr‘i.s-m, nt"thc anal s to be made with an average
bottom width of 100 feet and a depth of 13 fect.

c)A]] locks are to he 970 feet x 43 feet, with least depth of
12 fect on sills,
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The Erie lake harbor ¢ Port Colborne” is to be improv- Fort Colborne
ed by means of a breakwater, and a seeure harbor of 40
acres formed,  The inner basin from shore-end of the piers
s to be made 2,200 fuet long with an avea of 115 acres. At LakeErigtobe
the end of this will be situated the new “guard” lock P
and supply weir, for the whole supply for the canal is to be
drawn from lake Frie, so ohat there canenever be any scarcity
of water, and the lockage will be reduced by about 16 fect,
as it will be continuously descending instead of having a
“summit-level,” as is now the case. The existing line of
canal will be increased to the required dimensions as far as
“ Marlatt’s Pond,” (see description of existing canal), which
is sibuated just above the edge of the * Niagara Escarp-
ment,” that faces lake Ontario. There the existing canal
is left, and an entirely new one is heing formed to Iake Onta-
rio. It passes through a ravine forming the head of the « 10
mile ereek,” then descends the escarpment above-mentioned
by means of 23 locks dropping 308 feet, and after a course of
82 miles (about * mile less than by present line) re-joins the
existing line at the pond above the Lock (No. 1) at Dalhousie
harbor,  This pond is 12 {eet above lake level, covers 40
acres and makes a secure inner harbor ; it is to be deepened
where necessary. A new Jock close to the existing one will
drop frown this lnner into the outer harbor or “ basin,”
which is to be increased from 8 to 16 acres, and from 1t a
channel, 200 feet wide, runs between crib-work piers for
1,800 feet into deep water. The estimated cost of all the Eigérg?ﬁ%%v
new works is £2,510,000, and it was anticipated that they works.
would be finished in about 4 years from time of commence-
ment ; but this anticipation was undoubtedly too sanguine,
and by the time the whole undertaking is completed it will
probably have been in hand nearer 8 than 4 years.

The location of the new line, the difliculty of which was gggﬁte}{);lgw
increased by the necessity for crossing the  Great Western piece or the
Railway,” and the « Welland Railway” twice, is that select-
ed by Mr. Munro, and approved and supported by Mr. Page,
the Chief Engineer of the Dominion. It was not finally de-
termined on till after a warm discussion between Mr. Page
and a Commission of Engineers appointed by the Govern-
ment to report on the subject.  The laying out of this diffi-
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The Eric luke harbor ¢ Port Colborne” is to be improv- Port Colborne

ed by means of a breakwater, and a secure harbor of 40

acres formed. The inner basin from shore-end of the piers

is to be made 2,200 feet long with an area of 11} acres. At e ETg e
the end of this will be situated the new “guard” lock PV
and supply weir, for the whole supply for the canal is to be
drawn from lake Erle, so (hat there caunever be any scarcity

of water, and the lockage will Le reduced by about 16 feet,

as it will be continuously descending instead of having a

“ summit-level,” as is now the case. The existing line of
canal will be inereased to the required dimensions as far as

* Marlatt’s Pond,” (see description of existing canal), which

is situated just above the edge of the * Niagara Escarp-
ment,” that faces lake Ontario. There the existing canal

is left, and an entirely new one is being formed to lake Onta-

rio. It passes through a ravine forming the head of the “ 10

mile ereek,” then descends the escarpinent above-mentioned

by means of 23 locks dropping 308 feet, and after a course of

82 miles (about % mile Jess than by present line) re-joins the
existing line at the pond above the Lock (No. 1) at Dalhousie
harbor,  This pond is 12 feet above lake level, covers 40
acres and malkes a secure iuner harbor; it is to be deepened
where necessary. A new lock close to the existing one will

drop from this inner into the outer harbor or ¢ basin,”
which is to be increased from 8 to 16 acres, and from it a
channel, 200 feet wide, runs between crib-work piers for
1,800 feet into deep water. The estimated cost of all theZchssthgFg%t‘i”
new works is'£2,310,000, and it was anticipated that they works.
would be finished in about 4 years from time of commence-
ment ; but this anticipation was undoubtedly too sanguine,

and by the time the whole undertaking is completed it will
probably have been in hand nearer 8 than 4 years.

The location of the new line, the difliculty of which was gggg%il(}nlgefw
increased by the necessity for crossing the “ Great Western piece of the
Railway,” and the « Welland Railway” twice, is that select-
ed by Mr. Muuro, and approved and supported by Mr. Page,
the Chief Engineer of the Dominion. It was not finally de-
termined on till after a warm discussion between Mr. Page
and a Commission of Engineers appointed by the Govern-

ment to report on the subject. The laying out of this diffi-
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cult bit of eanal 1
el . lv:\ll..ll.llllc was governed to a large extent by the

()Wl[lg WISC VICWS :(—

1). The keepi
: (k)d 1. 1¢ keeping the locks separate, as ¢ combined”
OCKS delay vessels waiti i H

y sels waiting their turn more than do smglo

Ol Dy llnd b(}(,‘ul,S(‘ ace (1 3 S i ) feombin ‘
v A0 '
HIV G bnt C [& b (‘:(l ]“( ]\" we 1 T

serious in their vosults .
e results, especially with large heavily-lnden

vessels, than ar .
chs, than are those to single locks—All the locks will
be single.

2 ‘he k Mo
(2). The keeping the locks suel distances apart that ghe

;0?(-31105 between them may not be much affected by the
' rain when the lock at lower end of the renchis being.ﬁlled,
fmd may have room for waiting vessels, The shortc.s:t reach
15660 feet long ; there are five reaches botween 700 foot and

800 fee -
fCLt.]‘mO 5 T between 800 and 900 feet long, and the ress
are considerably more, =

3). Ti . ..
11( l) t 1€ provision of “ side reservoirs” or * pockets” to
all snort re; i . T
eaches in orderstill further to reduce the variation

of depth caused by lockage.

Such Sid.}, ot .
resecvolrs are provided to all the reaches but

five; they are situated immediately

: . be 5T ing
weirs which stand ne low the regulating

The channels leadi wrly opposite their respective locks.
have their I ef" lng:' to the weirs and from the reservoirs
and be) €I openings in the canal bank some distance above

elow the locks, and over these openings the tow-path is

carried by bridges, "

servoirs {1 idges. T !1e 5 reaches which have not side re-
; ave a separate channcl or «

which to pass on water.

The works of the new

race-way” through

pond to lake Ontario ‘portion of the.cmml from Marlatt's
when T visited Lo were commenced in August, 1873, and
Thev ar b LS then_l » n July 1876, were in full swing.

Yy are being carried out in 12 sections by contractors
under the immediate supervision of Mr. Munro and a staff

of inspector st
° mspcctms.;. The estimated quantities and those done to
ate were given me as—

Cubic yards. Cubic yards.
ﬁm&?-work-—estimatcd 3,500,000 —done 2,57 9,}7,19
Mic » 175,000 , 68,306
sonry » 330,000 98,742
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Cubit feet.
Timber—estimated

L47

Cubic feet.

1,000,000—done 399,996

*Board { Board

{ measure. raeasure. §

Planking " 4,000,000 , 1,306,105
Cost ,, £1,295,000 ,,  £650,000

The general prism of the canal is shown in the sketch Prism of new

below.

.
168, .
152 Water, Swrfacs. .
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|
!

I
i
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The side slopes in earth-cutting are 2 to 1, the made bank
being carried up at the same slope and without being set back
on aberm or “cess.” There is a tow-path on each side of the
canal, 15 feet wide at top and 4 feet above water surface,
the natural ground being cut down to that level and width
when the excavation is more than 17 feet deep. The water
faces are not to be revetted from the bottom, but at 2 feet
below water surface a nick 3 feet wide is eut, from the back
of which the earth is sloped till it meets the true face of
the bank 3 feet above water, and the triangular notch thus
made is to be filled in with large-sized quarry chips. This

inexpensive protection against wash has, I was informed,

been found to answer well on canals, but I should have
thought that it was founded too little below the surface to
be secure from the action of «under-tow,” and it probably

would not last long on a steeper slope.

In all earth excavations I found ploughs use

the soil which was then removed in various ways. One of
these was by a wooden scoop like 2 wheel-barrow with a
strong curved bottom, with no wheels and no front board,

front edge. This is dragged

but having an iron protected :
through the ploughed-up soil by 2 horses, 1ts handles being

# ) square foot guperficial by 1 inch thick.

T

d to loosen “Excavators.”
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held by the driver who therely
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In decp cuttings where

“Osgood” (or « a face could be obtained the

a portable stcagtls, ) seoop, already described, worked by
was doing capit ' engine on a platform running on rails
and IOad?I (,p-l al work, tearing down the earth in masses,;
The same 1:) llllt-o curts and: trucks with great rapidity
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cutting at the . orking in the heavy rock-
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: S to which st .
boiler of tha o steam was suppl
-loi:; : tlam engine working the scoop tlr‘)}gglzixf::;ltth?
age _e . '8
f:r tl 0} me that where the rock is « shelly” this isoll)
1e che:
was thenL\l eds\—O-St way of getting it out, but that where hjt:
factor Vf; e, Ihe considered the rock too solid for satis-
o beyt}\:;ox Ing of the machine, and this certainly appeared
case, the racking of the whole apperatus being
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severe and the scoop seldom fairly filling itself. I saw one
of these «Osgood” (in Canada known as « Otis”) dredges
deepening the channel in the Dslhousie harbor.  The depth
was about 13 feet, and the bottom stiff clay which she was
bringing up and loading into scows,” or mud barges, rather
faster than a dipper » minute. Each dipper held 2 cubic
yards, and it is said that her ordinary work a day in such
soil was 1,000 cubic yards. The dredged stuff was being
used for backing the docking eribs or heing towed by a
steam tug into deep water and there discharged into the

take.

Of the 24 locks, 3 only were not commenced, 1 was quite D
finished as regards the masonry, and the others were in
various stages of progress, from excavation of foundations
to putting on of coping. They are all, even those found-
ed on stratified limestone, being builb on wooden platforms
extending under the whole work, chambers, bays, and walls.
These platforms are made thus. Pine timbers 12 inches
square running across the full width of the work are laid 6
inches apart, and the spaces between them filled with pud-
dle or concrete, except under the gate sill trusses where
for 14 feet in breadth they are placed side by side and
serewed together by 5 wrought iron serew-bolts passing
horizontally through them all and ending in double nuts
by which a connection is formed with shackle
bolts secured to the anchor timbers at the bottom of the
sheet pile trenches. On the timbers or joists (except for the
14 feet under the sill trusses) is laid, a carcfully fitted floor-
ing of 8 inch pine planks extending over the whole area of
the foundation, with a second course of 2 inch planks
between the side walls and forming the floor of the,chamber
and bays. A row of sheet piling 5 feet in depth is placed
at the lower end of the tail bay and at
the upper and lower ends of each sill.. At the foot of each
row of these piles at the sills is laid a baulk of timber 12
inches square, through which run vertical bolts to anchor
down the sill platforms already described. The trenchesin
which these baulks are laid are filled up with rammed pud-
dle. On sound rock these rows of sheet piles are replaced

and washers,

across the work,
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inches let 3 inches into the timbers of the sill platform and
therefore standing 11 inches* above the floor.

The tie beam is let 2 feet into the side wall at each end.
All the timbers of the truss are joined by iron straps
3} inches wide x & inch thick let in flush and the whole
sill is bolted down, by 1% inch bolts 2 feet 4 inches long and
“ ragged” at the end, to the sill platform which, as already
described, is tied down to the anchor timbers. The first
course of flooring planks is checked into the sill trusses.
The masonry of these locks is massive and handsome. The
mortar used is composed of one part hydraulic cement, made
from stone obtained near at hand, and two parts of coarse
sand. The stone is generally a blue limestone quarried near
the line where it ascends the steep face of the escarpment,
but a lighter grey limestone brought by the Welland rail-
way from the bank of the Niagara river is being used in the
lower locks, and many of the massive coping stones are
being brought from point « Pelde” on lake Erie. From the
lower end of a lock to 6 feet above the lower gate recess
quoins and from the upper end to 12 feet below the upper
gate hollow quoins the face work is of « Cut Stone” with
true arrises, joints about % inch, laid in regular courses
varying from 12 inches o 30 inches in thickness, the thick-
est courses at the bottom and no course thicker than any
below it, a system which, whilst allowing the use of stones
of many different thicknesses, gives as finished an appear-
ance as if all the courses were of the same thickness. In
this « cut-stone” work the stretchers are not less than 2 feet
in depth of bed, back from face, nor less than 3 feet length
of face. The headers which are not further apart than 11
feet from centre to centre are not less than 2 feet length on
face and 4} feet depth of *bed, no vertical joints are allowed
nearer to each other than 12 inches.

Between the portions faced with cut-stone the chamber

walls are faced with work very similar but not quite so

-
» 8 inches into timbers.

3-inches lst course planking.

9 inches 2nd course planking.

8 inches from 19 = 11.
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but it wasfound that the action of the water, together with
that of frost, injure the walls to such an extent, that in order to
save them from being entirely destroyed, it became necessary to fill
up the tunnels, and introduce the water through sluices placed in
the gates, Although tannels no doubt answer well in some countries,
they are nevertheless found to be quite objectionable where the
action of frost is so trying and severe as in Canada.

On the St. Lawrence and Welland Canals, which were constructed
long after those above reférred to were in use; the water for filling
or emptying the locks is passed wholly through sluices in the gates.
This mode of effecting the object has been found to answer a very
good purpose, besides possessing the advantage of being rapidly over-

hauled and repaired.”

153

In eonnection with each lock,and at a short distance from %ve%ula,ting
IS,

it, there is to be a “regulating weir,” to which a channel ¢

takep off some distance above the lock will convey the water
to be passed on. In rear of the weir is the “side reservoir”
or “pocket,” and from this there will be an opening into
the lower reach below the lock. The weirs were, when I
visited them, like the locks, in all stages of progress. They
are built on wooden platforms, the timbers being laid 5 feet
below surface of water of lower reach.

The mortar and stone used in these weirs a1e of the same
kind as those in the locks, and the general character of the
masonry similar to that of the chamber walls of those strue-
tures.

The crest of the breast wall is 9 inches below full water-
level of upper reach, and is 4 feet wide; the wall is plumb
on the upper side and on the lower has a batter of 4 inches
in a foot. The length of “ spill-way” is 58 feet, divided into
two equal portions by a pier 4 feet wide, extending 174 feet
up-stream, on which rests a wooden platform bridge, from
which will be worked the sluice gearing. The side walls
and pier will be grooved above crest of breast wall for re-
ception of stop planks. There are 6 vents in the breast
wall, each 4 feet square, with sills 2 feet above the floor
(floor 3’ below bed of upper reach), in which will be fitted
turning sluice-gates ; none of these were fixed when I visited
the works, and I did not see any drawings of them, but the
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following is a copy of the specification, according to which
they are to be made and fitted i —

“ Nwive Gutes.—To he built of the best quality, of white oak plank, 8
inches thick at the centre, and gradundly rounded off on boih sides to 8%
inches nt the end.  Fach gate to have a Lop and hotlon plato of et iron,
connected with bolts of wrought iron seven.cights (1) of an inch in dia-
nieter, puassing through the gate; and fo have straps of wronght iron 3
inches wide and three-cighths (£) of an inch (hick on both sides of the gate,
within three inches of cach ecad; the straps are to be let in flush, and
fastened at distances not more than 6 inches apart, with rivets § an inch
in diameter countersunk into the strap,  The top plates are to bo 2¢ inclics
deep, and those at the bottom 61 inches deep, each to have a flange from
the centre outwards on opposite sides,

The gates are to revalve on tho centre, on pivots working into the bot~
tom plates of the gates, and on the top of cach a disk of steel or hard brass
is to be placed, and have o brass collar and lining.  The pivots aro to be 8}
inches in diameter, connected with plates 9 inchied square and 2 inches
thick, let into the sills of the sinice way and sccured to them by fox bolts.

The gates are to be arranged in & framework of onk timber, 6 inches
thick nnd 12 inches wide, fastened with fox and key bolty to the piers and
lintels of the stuice way,

The vertical posts of the frame are to be bevelled so as to form a bearing
for the sides of the gates when closed, and stops are to be placed in the
interior as directed. The turning rods ave to be of wrought iron, 3 inches
in diameter, of sufficiont length to pass through the gates, and stand 8
incheg over the side timbers of the platform to ho formed over the weir.
They are to be keyed iuto the plates on the gates, and sccured into the
masonry with suitable iron brackets, the upper end of themto be made
square, on which a movable handio is to be fitted; and they aro further
to be eonnccted with racks on the platforny, made so as to sccure the gate
in the position required.”

All the bridges over the canal will be swing bridges.
There will be 4 for roads, of which 2 will be over Jocks and
2 over reaches, and 2 for the Welland Railway. There will

‘also be a tunnel under the canal for one road and another
tunnel for the Great Western Railway.,

The designs for the superstructures of the bridges were
not out, and the masonry for one only was in progress; it
was nearly finished when I visited the works. This was
just above Lock 9, to carry the St. Catherine’s road.

The ¢ pivot” and “ rest” piers ave in the middle of
the canal in the alignment of its axis, and have each an
archway, 6 feet wide and 8 feet high, from cnd to end for
the passage of water. At the foe of each slope is a pier
84 feet wide at bottom, with side batter of 1 in 24. At 20
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feet back from these piers are the abutments which are
founded 5 feet above the canal bottom, and the slopes of
the sides of the canal are carried along the faces of the abut-
ments and revetted up from the toes at the piers. All the
foundations are on timber platforms, ard the character of
the masonry is similar to that of the locks. The roadway
is to be 15 feet wide, that being, 1 was informed, the regu-
lation width for 1st class road bridges, and 12 feet that for

second class ones,

The road tunnel under the canal between Locks 16 and Road Tupzel.

17 was finished ; it is 310 feet long, 14 feet span, with a
semi-cireular arch, to crown of which from floor is 14 feet.
Its foundation is 22 feet and its floor 18 feet under bottom

line of canal.
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sing the

The tunnel for passing the “ Great Western Railway” was Tunnel for
T

8

i
it has been found necessary to make in the line of railway.
It is 665 feet long, on a radius of 1,430 feet, passing under
the channel leading to the ““side-reservoir,” as well as under
the canal. It is 16 feet wide, and to have a clear height
above the rails of 18 feet in the centre, the arch being
semi-circular. The side walls or abutments are 8 feet thick
at bottom, 6% feet at springing, with counterforts 10 feet
long and 5 feet thick under the centre of each of the banks
which pass over the culvert. The whole work is to be of
massive limestone masonry, the voussoirs 2 feet 2 inches

in depth,

i gress. It is on a diversion, 14 mile in lengt ich Breat Western
in prog , 14 gth, which fioat Wes

The new line is for the most part nearly parallel with Drejnage Cal-

the chief drainage of the tract over which it runs, and by
the use of diversion channels the necessity for all drainage
culverts, excepting one, has been avoided. That culvert
is an inverted syphon of two 8-feet arched vents. The
foundation, which, as usual, are of timber, are laid 10%
feet below the bottom line of canmal. The top of the re-
taining or « breast” wall of up-stream well is 3 feet higher
than that of the down-stream well. A bed of puddle, 2 feet

thick, covers the whole length of the culvert.
U
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The present canal crosses, as already stated, the Welland Wererr

Works o8 the  The chief works of the improvement of the existing canal

portion of
fnalfom  from the branching oft of the new portion (just deseribed)

l%?é%%t‘ls’ort ! AN
Colborne. to Port Colborne on lake Krie, are :—
(1.) Widening the existing channel to 100 feet bottom
width and deepening it to 13 feet below water level.
(2))  The construction of a lift lock and regulating weir
at Allanburgh; of guard gates near south end of the “deep
cut” and of a “guard” lock and supply weir at Port Col-

borne.

(3) A new aqueduct over the Welland river.

(4.) A new swing-bridge to carry the Buffalo and Lake
Huron railway over the canal.

(5.) The improvement of basin and harbor at Port Col-

horne.

The estimated cost of these works and the minor ones

Estimated
None of them were

cost.
counceted with them, is L1,015,000,

in progress when 1 visited the canal, excepting No. 1, and that

only in portion. As the closure of the canal cannot be

allowed all work below water level has to be done by dredg-
as. Several of these I saw at work ; they were all of the

Osgood (Otis) pattern, and very generally were delivering
into boxes shing from shore derricks with long arms which
swang and tilted them far back,

Pplargine the  The widening of the “deep cut” is in itself a great
undertaking. 1t is upwards of 9,000 feet long, with, for
most of the distance, a depth of 60 feet from existing bed to
surface, of which the top 15 feet or so are due to old spoil.
Tt has to be widened from 50 feet to 100 feet bottom width,
the new bottom being 11 feet below the present one and, as
already noticed in the deseription of the existing canal, the
the strata cut through are treacherous. It is hoped, how-
ever, that when the mountains of spoil which now overload
the surface are moved Dback, slides will no longer occur.
Sloping back above water Jevel was being done generally

by the horse scoops before deseribed.

The locks and weirs will, in general arrangements and

Locks and
Weirs. A .
character, resemble those deseribed on the new portion of

the canal.

(Chippewa) river by an aqueduct. This is 45 feet broad

and of 4 arches 40 feet span and 7 feet vise, the voussoirs
being 24 feet decp ; the floor of the duct is a timber platform ;
the depth of the water over this is 183 feet. When lake
Erie is made the source of supply it will leave only 104 feet
depth on this duect, or 24 feet less than full depth in canal
and 14 feet less than on lock sills. As the closure of the
canal cannot be allowed for, at the most, more than a few
days, this structure cannot be pulled down and re-built to
the required levels. A new one cannot be built above (up-
stream on Welland river) present one without destroying
the existing side-cut and lock into that river, nor can it be
built any distance on the other (east) side without the
approach to it, running through the chief part of the
town of Welland, and to build quite close to the present
work would, in the soft bottom on which it is founded,
be very risky. How to overcome the difficulty has not
been decided. One proposition is to remove the existing
woodon floor of the duct, cut down the crowns of the arches
1 foot for 20 feet wide, strengthening the weakened portion
of the arch with iron, and so obtain a navigable passage 12
feet deep and 20 feet wide, passing the supply water, which
could not go through this, across the river by an iron tube.
Mr. Monro’s idea, which will probably be adopted, is to con-
struct an iron aqueduct on pneumatic tubes close against

the east face of the existing structure.

The plans for the railway swing bridge were not out.

The basin at Port Colborne is to be extended 725 feet, Bastn in Har-

making it 2,200 feet long, with an area of 11{ acres and
depth at lowest water of 134 feet. The entrance channel
between the piers will be 14 feet deep. An outer harbor,
of 40 acres area, is to be formed by constructing a break-
water, 2,000 feet in length, along a reef which runs out
from the shore from 1,500 feet west of -the eastern pier of
entrance channel to 800 feet south-east of the end of the

western pier.

The new Welland canal is by far the finest example of Remarks.

canal engineering west of thg Atlantic, and the Old World

Swing Bridge.
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can boast of but few works of a similar character which de-

serve to rank before it.

The clearness of view and decision shown by Canada in
dealing with the subject of inland navigation, and the wise
way in which she is concentrating her expenditure and
encrgy on the works of greatest importance to the whole
country, arc in pleasing contrast to the way in which the
subject is being dealt with in the United States. There,
unfortunately, the constant struggle by ¢ politicians” for
appropriations to be spent in their own particular districts
results too often in a frittering away of large amounts
of public funds on petty objects and in the niggardly
treatment or utter neglect of works of great national impor-
tance.

Group 2.—The Canals to improve the Navigation of the
Ottawa River*—The Ottawa river has its sources, at about
250 miles south of Hudson’s bay, on the southern slopes of
tbe water-parting which sheds northwards to that bay and
southwards to the St. Lawrence. Its upper waters are col-
lected in the basin of lake Temiscamingue, from which
they issue in one channel, and, joined by several tributaries,
flow 1n a south-easterly direction till they reach the “ Chau-
diere Falls” at the city of Ottawa, the capital of the Domi-
vion. At that place the Ottawa river is only about 45
miles in a direct line from the St. Lawrence, but turning
eastwards, it flows on for 100 miles more, in the course of
which it is joined by many large streams, and swells into
noble dimensions.  The junction with the St. Lawrence is
effected by 4 branches at the island of Montreal, to which,

from its sources, the Ottawa river is 700 miles long.  Above
Ottawa city, the river runs in many places down rapids, and
at that place it is precipitated over a fall of about 30 feet.
Below that, however, to its mouth, the obstructions to the
navigation of the river are few. The canals to overcome

them form group 2. They are,—

(a). The Ste. Anne canal.
(6). The Carillon canal.

e

% Visited 30 May, 1676.

OTTAWA RIVER CANALS.

(c). The Chiite 4 Blondeau canal.
(d). The Grenville canal.
THE STE. ANNE CANAL.

The Ottawa joins the St. Lawrence by four separate
channels between which lie three large islands,—(1) Ile
Jésus, 20} miles long, 7 miles broad; (2) Island of Montreal,
32 miles long, 10 miles broad ; and (3) Ile Perrot, 74 miles

long and 34 miles broad.

The last-named of these lies at the north-west end of the
expansion of the St. Lawrence, known as « Lake St. Louis,”
and the channel between this island and that of Montreal is
the best suited for navigation. As, however, the reach of
the Ottawa above the island is 3 feet higher than lake St.
Louis, and the whole of this fall is concentrated into a rapid,
the difference of level has to be overcome by artiticial means.
These consist of a lock, built in the river near its north
shore, and “ wing dams” and piers counected with it.

The approach to the lock below it is made by a pier on Approach to

159

the land side, extending down-stream about 1,000 feet and below it.

one on the river side 67 feet long. 'They are both construct-
ed of crib-work, and have their tops 9 feet above water

level.

The lock itself is a masonry one, 190 feet long between Lock.

It is built on a timber

the gate quoins and 45 feet wide.
The mitre sills are of

platform resting on poor sandstone,
wood, the gates are solid, and the work generally resembles

the locks on the existing Lachine canal, already described.
The depth on the lower sill varies between 6 feet and 7 feet,
and the lift is at low water, 3 feet. When I went through

it (30th June, 1876,) the lift was about 2 feet, and the time

occupied in passing the steamer was, from shutting of lower
gates to her getting clear out only 5% minutes. From the
up-stream end of the lock a crib-work ¢ wing dam” extends
on the river side for 840 feet to above the head of the
rapids, so that the water at the lock is kept at the level of the
higher reach of the river. On the land side there is a crib-
work pier continues for 160 feet above the lock, and beyond

this are 4 detached guide piers.
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These works were chiefly constructed between 1840 and
1843, sinee which the channel has heen deepened, the whole
costing, to 1867, £33,614.

At 27 miles above the “St. Anne lock” commences the
“CarILLON canal” the lowest of the three artificial channels
known as the “ Carillon and Grenville canals.” These were
originally wmilitaxry works designed by, and constructed
between 1820 and 1828, under the superintendence of the
“Royal Staff Corps” in order to enable war stores to be sent
to the lakes vid the Rideau canal, without having to pass
along the St. Lawrence where that river skirts United States
territory. They remained under the management of the
Imperial Government till 1853, when they were handed
over to the Provincial Government, and have sinee been
managed by the Canadian Department of Public Works.
As there was nothing of particular interest tu the works, and
they geunerally resembled those already scen, I passed them
without inspecting them. For the sake of cowpleteness,

however, 1 will give short descriptions of them, compiled -

from official reports.

(b.) The CARILLON CANAL commences 27 miles above
“St. Anne lock,”—

Length of canal, 24 miles,

Breadth of canal, bottom 30 feet, surface 50 feet;—
magonry locks (3,) each 1264 feet, x 32} feet, two of them
lifting (going westwards) 21% feet, one dropping again 13
feet, a summit level having been made to save expensive
cutting. Least depth of water on sills § feet.

The canal i3 on the north bank of the river and overcomes
the Carillon rapids. The cost of construction is not known,
as all records connected with the work were burnt in 1852,

when the Ordnance office at Montreal was destroyed by
fire.

(¢). Tue “CHuUTE A BLONDEAU” canal commences 4
miles above the Carillon canal.

Length of capal, ith mile.

Breadth of canal 30 feet, sides vertical, being cut through
solid rock.

OTTAWA RIVER CANALS,

1 lock, 130 feet x 32} feet; lift 3% feet, the chamber cut

out of the rock, but lined with dressed masonry at the
quoins and recesses,

The canal 1s on the north bank of the river and overcomes

the « Chiite & Blondeau™” rapids.

Records of cost, &e., deshroyéd, with those of Carillon

canal,

(d.) The GRENVILLE CANAL commences 13 mile above

the last noticed canal.

Length of canal, 53 miles.

Breadth of canal at bottom 20 to 30 feet ; at surface 25 to

G0 feet, part being in earth and part in rock cutting.

Locks —6 “lift” locks (4 of which are combined in two

sets of 2 each) and 1 “guard lock.”

Length of chambers, from 107 to 130 feet.
Breadth of chambers, from 29 to 32 feet.
Total 1ift 453 feet ; least depth on sills 6 feet.

The canal is on the north bank of the.river, and overcomes
the “ Long Sault” rapids. Records of cost, &c., destroyed
with those of two previously noticed canals.

Group 3—The Rideau Canal.*—This canal was con-
structed, between 1826 and 1832, by the Imperial Govern-
ment, in order to provide, together with the Ottawa river
and canals, a means of easy transport to the lakes of
naval and military stores, at a safe distance from.the United
States frontier. As by this routeit is nearly 70 miles more
from Montreal to lake Ontario than by the St. Lawrence,
and as there is little or no traffic between the upper Ottawa

and the lakes, this canal is commercially almost useless

and financially a burden. Its maintenance, however, was

stipulated for by the Imperial Government when the Cana-
das were constituted a Dominion.

—

* Visited 30th June to 3rd July and 17th July, 1876.
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Iini 1:; fl‘:’ilvoli';:f) :(;:C:;I::;Ocrée(()lf fthe gfeneral features of ‘this these is a Cl.Jt-St.OYIe waste weir with an overfall of a,bout.18
missioner ofOPublic Workor for ;gg; a. report of the «“Com- feeb d(?wn a’sloping cut-stone apron, at thfz b'ottom of which
’ — is a timber foor. The crest of the weir is at full water
Utll((‘lrl(}illz[:alj;.?;:rit‘/l'\f:\:;i)u’t:j)gil’l’t,tlbnml)mp.q, b wors properly called tho * Ridosu level and ha‘s no shutter§ on ii:,, but in the middle of the
term; since it‘cou:ists in Llllznc‘:n(x::z:'ii,ollu “;'0 ‘;"di'"’jl‘y/aCCeptutiOn of th? breast wall is a. gap 3 feet Wlde to bed le‘{elj ClOSGd‘ by
rivers (two obstructod nnd rapid streams L;rm“d:z;:gz:ozzg Cataraqui plaflks._ At a mile or so above this the eanal joins the river
ponds and lagunes) into one continuous navizable o y into deep which is ponded back for 4 miles by an earthen dam 320
“ The Rideau river drains au arca of 1 5zz)wb]e chansol . feet, long and 50 feet high. I was told that 2 or 3 masonr
itsclf over an abrupt and pcrpcudiculm" ;:Lllsqufm‘ol mﬂcs,-{md dl%oharges d t thi 1 1 dcb ' ied —+the ] b .
Ottawa ot Ottawa oity, rondoring an ariificial oe “tﬂ.)ou‘b 45 feot into tho ams at this place had been carried away—the ast about
canal absolutely necessary, to connech it with the ‘(‘;;;0 to its waters by 14 years ago. At the end of this dam is a wooden “ bulk-
gablo purposcs. wa river for navi- head” with 5 openings, each 20 feet wide, their sills about
. ba:i};eoga;g;aix&t::‘l]:]l]);zfcs into the St. Lawrence at Kingston, draining 16 feet below water gurface. These ope.nings are clc.)sed by
« Asconding the loug swoeping courso of tlie Tidens siver for o.di stf)p logs dropped down grooves and hfte(.i by chains and
O.f 86‘ m.iles, we are brought to its head waters, ug a point wiliclt:l]:dlsmncto er.lches. . The apron below this bullc-head is 100 feet lODg;
:zdwat.hm one mile of'an absolute straight line drawn between Ott;vlv):ngit; it is a timber floor on erib-work bolted down to the rock,
o 0;15:3:8; lftmt‘ht()]:- t;lence, crossing a shory portage of one mile, we and from its edge there is a pitch of some 15 feet on to rock.
Winding oourso of tht riierv;;fz::i L‘}levCataruqu?, and descending the Both bulk-head and apron showed much injury from ice
Ontario at Kingaton riles, we aro led into the waters of lake andlogs. Beyond the bulk-head a bye-wash, 150 feet wide,
. 'Inuthe whole 1264 miles, there are only 16§ miles of arti- lets ordinary surplus water escape to bed of the river.
Flight of locks C:;Lhy excavated eanal, in 20 separate portions. At this place, known as « Hogsback,” are two combined
Flight of 1o e entrance to the canal from the Ottawa river is by a locks, the walls of which are much bulged and cracked and

flight of 8 combined lock chambers, situated at the mouth of

look most dangerous.

the rocky ravine runnin

: g at the foot of the hill ich 1
crowned with the fine pile of the “ Parliament ar’ldwll)nCh o
mental Buildings” of the Dominion. oy

. . 16
T did not go further along this northern end of the canal g5, 0%

but visited (7-7-76) its southern end for 5} miles from King- KingstonMills

. : The total 1ift of thi
flight of locks is 82 feet. 'The chambers are (as are all tthlesa

locks on this canal) 134 f
34 feet long, from mitre to mj
. . ’ t ¢
3? feet wide, with 5 feet depth on the sills. The \:r.:l?; -
of ashlar masonry and between them is a stone invert, ’;}fe
: e

gates are ordinary double leaf “framed” opes worked b
by

balance beams which are m.
« 0 d H
ends, and winches, ved by chains attached to their

Water is let into and
- out of th
t};mug}:l a culvert 4 feet x 3 foet running round t,hz ll()):lili
of each gate and the valves clogi

. : ‘ ng these are
crab winches and chains. I saw no s?xspension ba::(;r:{ sgxgt))y

nal ties on the gates, and I bel;
el :
oo s on th a:d tr; o 1eve therefore that they run

(v;:i’r; e??’m;les a,b'ove Ottawa are two more combined locks
-7-76) like those already described, and Jjust above

ston to “ Kingston Mills.” At the latter place the Catara-
qui river has, at the head of falls, been dammed and set
back for about 10 miles by an embankment nearly a mile
in length and in parts 20 feet high. I noticed on the lower
side of this bank a dry stone retaining wall 15 feet high, 9
feet thick, built of flat limestone slabs on edge, the true beds
all vertical, which was standing well. The surplus weir of
this pond has 20 feet length of crest on which stop logs are
dropped down grooves and lifted by a winch and chains at
each end. I may here say that nowhere in America or
Canada did I see on any of the weirs so simple and effec-
tive an arrangement as the shutters running against angle
iron rebates, and lifted by screws, in use on many of the
Madras canals. Out of the lake above the embankment one
lock drops ibtoa masonry basin, and from that a flight of 3
v
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chambers combined, drops 45 feet into the bed of the stream,
the channel of which is used to Kingston harbor.

The total number of Tocks on the whole canal is 47—33
ascending (coing from Ottawa to Kingston) 2824 feet, and
14 descending 164 feet.  The breadth of the excavated por-
tions of the canal at bottom is in earth 60 feet, and in rock
54 fect. As so much of the line is through broad expanse$
of water, and steam Is the only motive power used on 1ty
there are no tow-paths.

The original estimated cost of all the Rideau canal work
was £376,757, that estimate was afterwards increased to
£762,674; theactual cost to original completion was £803,774,
and this with necessary improvements to 1867 amounted to
£1,020,632.

I was informed that there is a full description of this
canal and its works in the first volumes of the Royal Engi-
neer’s papers, written by Licutenants Frome and Denison,
the latter of whom, subsequently as Sir William Denisony
was for some years Governor of Madras.

4. The Works to improve the navigation of the
Richelieu river.—Lake Champlain, covering 1,130 square
miles, discharges its surplus waters by the Richelieu rivers
which, running nearly due north for 81 miles, delivers them
into the St. Lawrence at ¢ Sorcl,” 46 miles below Montreal.
The 4th group of the Canadian canals consists of the works
which overcome the natural obstructions in this river and,
soadmit of navigation passing between the St. Lawrence

“and the luke, and from it vid the Champlain and Erie canals

to the Hudson river and New York,

(a). Sr. Ours Lock Axp DaM.—At 14 miles above the
mouth of the river it is dammed, ponding it back so as to
give a least depth of 7 feet for 32 miles to the entrance to
the Chambly canal. The river at the place is divided into
2 chaunels.  Across the main or western one the dam is
600 feet long and is composed of stome-filled crib-work,
with an apron 40 feet wide of similar work, well founded i.n
clay. The depth which in freshets goes over this dam s
{rom 8 to 10 feet. Across the eastern channel the dam 13

47 #CLUSE ST OURS

CANAUX

Construits et Projetes

* Gchelle deMilles.

DISTRICT ne MONTREAL.

Norsinahle Rivers ane Carwde s
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an carthen embankment 300 feet long, 25 feet wide at top,

with slopes 2 to 1, the water side pitched. In the middle

of the embankment is the lock. It is of cut-stone masonry, The Lock.
200 feet long between the quoins and 45 feet wide, with 7

feet least water on the siils, and an average lift of 45 feet.

Piers 6f crib-work cxtend from the lock for 420 feet below The piers.
and 270 feet above it.

The works were constructed between 1844 and 1849, and cost.
have cost (to 1867) £30,385.

(). TuE CHAMBLY CANAL.—At 32 miles above the St.
Qurs dam is situated the foot of the “ Chambly” rapids,
which extend up to the town of St. John’s and from that
place theve are no further obstructions to the navigation of
the Richelieu river. The canal which turns these rapids is The Prism.
12 miles long, has a bottom breadth of 30 feet, and a surface

breadth of 60 feet.

There are 8 masonry locks with a total 1ift of 74 feet, and Locks.
1 “ guard” lock. Their Jengths vary from 118 feet to 125
fect ; their breadth is 23} feet, and they have 7 feet depth on
the sills.

The other prineipal structures are— Other struc-
ures.

6 timber bye-washes and waste weirs,

” culverts under the canal.

swing bridges, 56 feet span, 10 feet wide.

,600 feet of wharfage.

This canal was opened throughout in 1843, but the works When con-
structed and

had soon after to be extensively strengthened and improv- cost.
ed. Their total cost was £158,678.

- 0 L2

From the head of this canal to lake Champlain,at Rouse’s From the

. . . . . canal to New
Point, is by river about 23 miles, and from there to the York.
head (south end) of the lake and entrance to the Champlain
canal is 111 miles. The total distance by this route from

Montreal to New York is 449 miles.

The canal boats are taken across the lake in tows by
powerful tugs. I saw (24-6-76) one leave St. John's tow-
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ing 12 canal barges fully laden with sawn timber which
had come from Ottawa.

It is stated that

* % T} . H

A Xx;sc:(f):xso tfrm?s of Rastern Canada, o large portion of the

o T Bt o]:x‘n 10 St. Maurice, the Ottawa, and other rivers ompty-
St. Lawrence, as well as a large nmount of flat and squaro

timber in rafts find their way tho Americon malkcb
1
cach year to 4]

[‘)ROI‘OSED S.mv Caxan.—Tt has at various times been pro-
g(;ifi :f ! )I‘OV1d0. a channel from the St. Lawrenée to Lake
pass tlh:‘l(l)r:fr;’:a:;gablc b): vessels us large as will be able to
purpose the lte now St. Lawrenco canals, and for this
been recommoude just described vid the Richelien river has
tage of a crrZ:t, “ dIt has, however, the serious disadvan-
lockage. Lake Cha apparently unnecessary amount of
Lawrence b th amplain is 79 feet higher than the St.
29 feet higher :h mouth of the Richelieu river, but only
canal, so zhat th{m the St. Lawrence above the Lachin®
drop ,of 50% feet,e Po}l‘esen.t, route from Lake St. Louis has 2
1234 feet against ;;n & T _Of 79 feet, with a lockage of
sary in a cznals £ feet, ‘V{11011 is all that would be neces-
canal to near St Jo Iﬁ »the St. Lawrence above the Lachine
some 80 miles -(560 (;lg The latter route would also save
westward, from (; ragram Y) to vessels coming from the
ing lake Cham Y}‘Ch direction nearly all the traffic seek-
lake Champlainpv::nl;vould come. But a ship-canal” to
might navigate it c‘:uldb ;o:f lttlo use if tho vessels th"
sitions fi ; go on to New York. Fropo-
have bezfl I;lakmg the Champlain canal also a “ ship-ca nzl,”

umerous, but, as already noticed in the remarks

on that canal, there s i :
being carsied out cems l}ttle likelihood of any of them

#* Lachine Canal -

River from canal to Sorel. 64

50
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I am unable to give in figures the financial results of the Financisl Te:
Canadian canals, but the Chief Engineer of Public Works, in dia2 Canals.

his report, 9th J uly, 1874, says—
« 1t is well known that none of the canals have paid the interest of the

monoy expended in their congtruction, or indeed very little more than the

working expenses conneoted with them. Still, few who compare the past
4 that they have been

with the present condition of Canada will doubt bu
of far greater benefit to the country than the aggregate amount of their

cost.”

PLANS ACCOMPANYING NOTES ON CANADIAN CANALS.

e
No. in
Vol. of
Plans.

Map of Part of British America e e BB

General Plan, with details of suspension gear, &e., } 56
of Lock Gate
General plan, enlarged Lock Welland Canal e 7

Plan regulating Weir, Welland Canal . 58
Drawing “ Osgood and Starbuck” dredge ... 99
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Remarks,

NAVICATION FROM THE LAKES TO THE Mississippl.

e

To the west of lakes Michigan and Superior the water-
parting between the basins of the Mississippi and the lakes,
the former 1,200,000 square miles and the later 400,000
square miles, is narrow and of slight elevation. Several of
the tributarics of the Mississippi rise within a few miles of
the lakes, from which they are separated by a ridge only a
few feet in height. In some cases the heads of streams
flowing to the two different basins overlap, and upwards of
200 years ago Indian traders made passages for their canoes
{from one stream to the other, and thus joined the waters
which flow into the Atlantic at Newfoundland, with those
which flow into the gulf of Mexico at New Orlcans.  Since
then little has been done compared with what might have
been expected, in taking advantage of the wonderful facili-
ties which nature has provided for the joining of two of her
grandest systems of inland communication. What has been
done, and what it is intended to do, I propose now to give

some dascription of.

Ist. . The lllinois and Michigan canal and the canaliz-
ation of the llinois river,*—1The lllinois and Michigan
canal commences in the city of Chicago, and runs from the
south branch of the Chicago river, at about 3 miles from its
mouth on lake Michigan, to the Illinois river at La Salle, a
distance of 97 miles, The canal was begun in 1836, but,
owing to financial difficulties, was not finished for some 10
years later. The work was a State one, but was carried out
with money borrowed chiefly from English capitalists by
whom the canal was really controlled till 1872, when the
State (Illinois) acquired sole possession of it. In order to
save in depth of cutting tirough the water-parting the
canal was originally locked up 8 feet from the Chicago river
and down the same height at Lockport from a “ summit

* Visited 25th~27th July, 1876,

THE ILLINOIS RIVER.

fevel” of about 29 miles in length. As, however, the
Chicago river which receives the greater part of the drain-
age of the city seldom had sufficient current to carry it on
to the lake and never suflicient to push it far out from
shore, and as, therefore, both river and harbor were
filling up and becoming extremely offensive, the city
of Chicago in 1871 deepened (at a cost of about 3 mil-
lion dollars), by 8 feet, the summit level of the canal to 6
feet below lake level, and so secured a flow from the lake
through the portion of the river in the eity and through the
canal to “ Lockport,” where the surplus water is used to
work mills and discharged into the “Des Plaines” river,
down which it passes to the Illinois river, and so to the
Mississippi. The depth of cutting in the summit level by
which this is aceomplished is only 15 feet.

From Lockport to the Illinais river at La Salle the canal, Locks.

in its 68 miles, falls 145 feet by means of 16 locks, 109 feet
X 18 feet.

The prism of the canal is 40 feet wide at bottom, 60 feet Prism.

at water surface, 6 feet depth.

The capacity of boats which can pass through the canal Boats.

is stated to be 160 tons,

There are no individual works of such importance or in-
terest on this canal as to render separate description of
them advisable.

The following table collated from report for 1875, gives
the main commereial and financial facts connected with the
canal for the last 10 years:—

1 ) 3 4 , 5 6
UV T g :
TeR | B9 H % g
org 8 o o Y
.58 g a H oo
Year. k] o g & 33
bl = .w 3 e < 0
- 5 £ .4 & . g2
SEE | 2% | 2 | B¢ | 24
2 o
@ = B
Dollars. Dollars, Dollars.
1866 ... ] 11636383 302,958 | 746,815 203
1867 ... o} 162,656 {1 99 252,281 | 746,954 209
1868 ... ..} 122,052 || oA 215,720 | 737,827 210
1869 ... 91,765 23 238,759 817,738 222
3870 ... .| 108,695 | | .8°F 149,635 | 585,870 184
1871 ... .. 97,222 | | @8 159,050 | 629,975 234
1872 ... 88,876 | (T Hel 165,874 | 783,641 244
1873 ... 65,698 15,400 | ‘166,641 | 849,533 225
1874 ... 58,399 15,399 | 144,831 | 712,020 236
1875 ... 59,988 14,623 | 107,081 | 676,025 228
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The cost of the canal was 6,557,681 dollars, and from the
figures “given above it is evident that the canal is not &
financial suceess. The traffic on it is much less than might

have been cxpec'ted on a channel conneeting two such im-
portant routes of traffic as the Mississippi and the lakes-
Doubtless this is chiefly owing to the uncertain state of the
navigation in the Illinois river which is obstructed by bars,
and in dry seasons is not navigable for boats drawing even
2 feet.

Improvement  Congress, recardine thia 13 joration as of n'xtional
of the Tilinois | ~Ongress, regarding this line of navigation as of n

Tiver, mportance,allotted at different times, between 1865and 186?1
dollars 185,000 for the dredging of the river, but this
scarcely sufficed to make any appreciable improvement, and
now the “ canalization” of the river has been undertaken.

From the end of the canal at La Salle the Illinois 1‘iVe.r
is 228 miles in length to its junction with the Mississippl
at “Grafton,” 40 miles above « St. Louis.” Its fall in the
228 miles is only 294 feet, and it has been decided to erect
5 dams across the river, converting it into so many pools
giving nowhere less depth than 7 feet, with locks 350 feet
X 15 feet, from pool to pool. The work is being carried
out by the State of Illinois with occasional assistance
by the National Government. Its cost is estimated ab
2,660,000 dollars, inclusive of 430,000 dollars for some
dredging that will be necessary. Only one of the dams

With its lock is yet finished ; visited by me ou 26th and 27th
July, 1876.

:xﬁeﬁx‘;{x’l’ Lock The “ Henry” lock and dam are situated 30 miles below
the mouth of the canal, They were finished in 1872, at &
cost of 400,000 dollars. The success of the work is thus

spoken of by the Chief Engineer, Mr. D. C. Jenne, in his
report for 1875 :—

*‘ The lock and dam at Henry has been in use during four navigable sea-
sous, and the results show that everything contemplated by this lock B"_d
dam has been accomplishoed, not only in the perfect navigotion from this
point to the entrance of the canal at La Salle, but in the practical use of
o lock of this large size. It has beon demonstratod beyond a question,
that if all the locks and dams required on this river wero built, it would
afford good navigation for at least 8 months in the year to the largest class
of steam hoats, and for barges 300 foet long and 72 foot wide drawing 6
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: water, and would beoome one of the muost important navigable
...___ of the country; it would be the great thoroughfare for heavy freight
in either direction, and its influence for cheap transportation would be felb

all over this and adjoining States.”

The dam is 530 feet in length between its eastern abut-
ment and the lock. It is formed of timber © cribs” filled
with loose stone, covered on the top with planking. From
crest to low water Jevel below the dam it has two vertical
drops of 3 feet each on to timber offsets or platforms 10
feet wide. It raises the low water level of the river im-
mediately above itself by © feet, and at La Salle by 43 feet.
When I visited it there were 3 feet 5 inches going over the
top with no perceptible overfall. The sketch herewith I
took from a lithographed plan, dated 1870, inthe Lock Office,

but of which I could not procure & copy.

LitwC #Y A0

The lock stands in the river, to the right bank of which

e aneeesiiE e
= S A s s

= T 5
é l“v"";‘ ] ) it is connected by an embankment, the top of which is
E ”1"3"2;:\” of course above high water level. The lock 1s founded on
w !":‘;\l;.‘!?‘ “ 12 inch diameter piles, of which there are b 1ongit,udinal TOWS
% 'L“;"i;l, under each side wall and 7 rows under the chamber, the
o :;“‘v{;\]{’ ? piles in each row being 3 feet apart.  On these piles are
8(-» ——— i 7:‘ hz'g"\‘ }[ . longitudinal « foundation” timbers 12 inches square, and
E ' on these again are similar timbers across the lock from side
b g icnc W to side, 6 inches apart, except under lower sill, where they
© v ol 0 6 M <1 . are laid close together; all spaces between these timbers to
B BT Dy e 3 inches below the longitudinal ones are filled with con-
= DRRERR 5 :t i ol Crete, Over all are laid 2§ inch planks jointed closely
o "“!"‘.i,‘?. < together and bolted to the cross timbers. A second course
é 2 t‘a{‘:étrﬁ @ . of planking, 2 inches thick, is laid as a floor between the
a b {Fil " side walls and between the wings, and 18 secured by binding
RN i ’“ i - timbers 6 inches X 8 inches running Over it crossways at
every 10 feet, bolted down to the foundation timbers.

Five rows of sheet piling, 6 feot deep, run across the lock

under the foundation timbers. The clapping sills, which
are laid 6 feet below lowest water on them, are of oak, 20

inches square for lower gates and 90 x 12 inches for upper

ones. The lower gill timbers are bolted to the foundation
timbers and backed up by a stone arch, 18 inches deep-

The upper sill timbers are bolted to a massive stone sill

wall, 6 feet high, arched in plan, the top Vvoussoirs being 1

Larade - Welch.
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THE ILLINOIS RIVER.

foot thick and ¢l

amped and e sther
head-lay, ! Edowelled together,  Across the

clear of the swip ’ 1
e \.mg of the gates, is a breast wall
t 2 oheight as the sill,

The chamber ¢
’ 2 chamber walls are 5 fee
broad at top, have a e e

face batter of 1 ; i '
b o i ¢ batter of Lineh in a foot and ab
ek Cooveppedout b0 about 12 feot thick at bottom ;
¥ Nt orfiagto y ‘ ’
unterforts, 8 foot long and 3 fuet deep
apart and come up to :
Ti i
e Afr :
front WIngs  an

e ave placed 15} fect
13(}) feet below the top of the walls.
- ) lead-bay and chamber walls are
car y

thel i?;lpzll" froq ;22 fT(ft thovc upper sill g0 90 feet back from
and s ti b.;,lt b s, to where the dam Joins the lock,
of the Ch‘m;f?a.xngc_\r w‘;u!ls step down 6 fuet. The length
brealil 7_) 1{:1 15050 feet from mitre to mitre and the
masony, il t. All the walls are of massive limestone

, 17 cub-stone” faees,

The eates are
o 21‘: Zz(brcrzc:m o-f the l'ISUéI.! bwosleaf style, set at an angle
. ¢ egrees, with a line from heel to heol Both upper
and lower are 20% feet hie Thov ) . I?P
bars or gl o 2 et ugh. They have 10 longitudinal
2 feet inc??es :;)Ctlit“tllxtdtf\; ik, the b F’Ottom vt
and the others withlspaccs f-) hper ones =0 1nch'c s.aparb,
between then, Tho b 'u )xto)n? ‘1() inches to 1()'1nches
built solid of 4 longitudinal Itl_"’l and two lower “l,)s are
Wide at the s 8 .a. unbers' formed to 28 inches
v heends, and 46 inches wide in the contre: the
other 6 ribs are similay in ext ,
only 3 longitudinal tiltnbcrl* - flr'nul o b\l't o I'nade o
3 centre Tommtadi s, an mstcad.of being solid hflve
osts, 12 i ~1D-- ¢ :spaw, down .wluch run 5 vertical
’Il)‘hes:g . ,.;bz 1:5‘ X 12 inches, mortised into the solid ribs.
e S are each braced by 2 “hog chains” or bars
ihlSSmgr across three vertical saddle poists attached to the
fower ffl(:(i of the gate. The heel and mitre posts arc 28
inches m-thc square.  The planking on the upper side of
the gate is 2 inches thick of white pine; all the rest of the
.Woodw.ork is of white onk. The gates turn on a chilled
won pivot 12 inches in height, 8 inches diameter at the
b(v-t‘tom, tapering to 7 inches at top and running up into a
C].ul]ed iron socket at the botton of the heel post; the
!)1\'01; base is 23 feet diamcter, and is let only 2 'inches
nto the floor, but has 3 lugs, 1} inch square, which keep
1t from turning. The gate is kept 8 inches clear of
the floor and does not run on tracks, but is entirely sus-

THE ILLINOIS RIVER.

pended by wrought iron suspension bars, the land ends of
which turn round a steel pin on a cast iron “ tower” post,
8 feet high, which stands on the coping and is tied back by
6 iron guy rods radiating from it and attached to anchors
built into the masonry. The gate itself is not in any
other way tied back to the masonry, hasno collar at the
top of the heel post. The gates are opened and shut by
means of the pole or spar arrangemcnt described in the
notes on the Lachine canal. On this lock the spar is 55%
feet long, 9 inches x 9 inches with flat iron bar along its
bottom ; it is pivoted on tho top of the mitre post and travels
on iron rollers on the coping. The capstan, which winds
the wire rope, is set on the coping 45 feel in front of
quoins and 10 feet back from line of chamber wall. This
system of swinging and working large lock gates is ex-
cellent. I saw, on 26th July 1876, the lower gates fully open-
ed by 2 men to eachcapstan in 3% minutes, one leaf of it
closed by 2 men in 3] minutes, the otherin 54 minutes, for 3
minutes of which time, however, there was only one man at
the capstan. The upper gates with 2 men to each capstan
were opened in 6 minutes; with 3 men to each capstan,
that is 6 to each gate, full opening or shutting could
easily be done in 3 minutes. As will-be seen in my notes
on the Louisville and Portland canal, the gates of the locks
there which are only five feet wider than those of the
Henry lock, but run on tracks and rollers and are moved
by drag-chains, took 18 men to close them in 8 minutes and
20 men to open them in 10 minutes, and the time, I was
informed, was often much longer owing to the clogging of
the rollers and tracks by silt. The lithographed plan, here-
with, of the gate for the Copperas creek lock, on which I
have entered some dimensions and remarks from observa-
tion at Henry, is applicable to the gates of this lock ex-
cept in some minor particulars, such as number of vents
in the gate. When I saw the Henry lock worked there
was a difference of level above and below it of only 3 inches,
s0 I could not make any observations of interest on the
simes of filling and emptying, The former is done by 8
1orizontal turning valves in a wooden floor above the upper
rate which admit water into calverts passing into the
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chamber thy .
each lmf “El({ugh the sill wall; there is also one valve in
ach teat o s .

« culvont ]t 1 upper gate. The emptying is done through
¢ yer 08 3 .

of each %i’di )S;')L:,]by lo valves in the masonry at the back

< h 20 the lower g‘lt() '_I‘l

e att. here are also 2 ve g 3
cach leaf of the lowor sate. o 2 valves in

(52}
Rt The next of the series of d
es of dams and locks for the improve-~

peras Creek. ]
ek ment of the Illinois river

. is situated at Copperas cr .
.miles be s . ¢ pperas creek, 60
genr, }f’fllfgw H;’“y’ and will probably be finished noxt
at H'enry anv(‘;o;\s :}m llld general character similar to those
. ’ are tnus describe N C g . .
his report, 1st December 18741::d by the Obiet Engineor in

Cm‘l‘ :'hc Io}ck is built entirely out of the river
a short cang i { ,
Sim”n}; " “)ct!;ct‘t'tt‘;“[';t;l\ ‘vor.txcal and slopo wall protections, It is built
it tho o el mli/rln'y in f.nrm and dimonsions, with the exception
lock gt (,)r .u and d‘mchnrgvd through valves inserted in the
R, ;Wh r'lgtulch'tis in thu. walls as at Ioury., There will be
o, et t‘,. fig '(‘, or twenty-cight in all, four by two and one-half
rtically and operated by levers on top of the gate
The walls of the lock are to be o
point one hundred feet be
with tho wall, and twenty-o

and is connected at each

N Htwonty—six feet high from the head to &
W
10 Tlpper‘ gates, where the dam conneots
) e feet high thonce to tho foot.
he gates are to be twenty-one fe

be in similar form to thoge at, Henry ot high and forty-threo fcet wide, to
L

and being on the i

. susponsion plan.
.T.ho dam will he 650 foet long, 11 fo :

raising the water 6 feet, and wil)

distanco of 60 milos,

ot high and 45 foet wide at bese,
set back 2 feet on the dum ob Henry, 8

It i . .
stone, with ouly oue drop x:xdt(l) bo built of timbor eribs filled with lgose
R 'ave au apron of timbor of 2
of 25 feet and one

brash and « 01 to 30 f ct. Tho 1 wer ond is also pl()t'GCted vy
of b 1 st 10 of 20 0 30 fee

; y ho 1o
square })ll(‘! driven close tOL,’.HlL‘I, the entire l(.‘llgth, ot least 10 fect int

the bed below the bottom of eribg.”

, .

1‘%10 estimate for these work
clusive of 73,726 doll
28,446 dollars for < ¢
18 as under ;—

8 at contract rates and ex-
ars spcrﬁnb on the foundations and of
ngincering and contingent expenses,”
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Q:&g_h Measure. Items. Price. Amonnt. Total.
,,,,,,,,,,,, Grubbing and clearing ...} $100:00 $100:00
______ Baling and draining ~ -..{5,00000 5,000°00

50,500 |Cubic yards. | Excavation... 17 8,58500
10,500 do. Embankment - o ‘16 1,680-00
80,000 do. Do. in guard bank ... '15 12,000°00
12,000 do. Lining 60 7,2006:00
1,500 do. Puddling ... 20 300:00
18,000 do. Loose stone... 2:55 45,900-00
6,000 do. Brush and gravel ... 20 1,200-00
1,200 do. Do. stone ... 4:00 4,800°00
1,700 do. Slope and pavement wall... 295 5,015+00
2,700 do. Vertical wall in comendt ... 8:00 21,600-00
1,400 do. Do. laiddry ... 500 7,000:00
840 do. Concrete magonry 500 4,200-00
8,800 do. Cutstone do. inlockwalls.] 1300 1 14,400-00
825 do. Uncut stone. do do. 11:00 10,175°00

100,000 | Feet B. M. White oak timber in lock|
65:00 6,500°00

gates I
Timber of all kinds in foun-

40,000 do.

dation 18:00 720-00
700,000 do. Do. ... dam 22:00 15,400°00

120,000 do, Plank and boards of all
kinds ... ..l 2000 2,400-00

13,000 | Feet lineal, Delivering round bearing
piles. . ‘15 1,950-00
10,000 do. Do.  sguare... ‘16 1,600-00
22,000 do. Driving round and square., 04 880-00
400 do. Snubbing posts ... 25 100-00
120,000 | Pounds. Wrought iron ‘13 15,600-00
24,000 do. Cast iron ... 07, 1,68000
14,000 do. Spikes and nails ... ‘09 1,260:00
1,000 do. Lead and antimony -50 50000
$00° Feet. Steel wire rope 26 150:00
28 Number. | Composite valves ... . 18:00 50400
1 do. Sulphur and sand cement..| 10000 100-00
1 do. Painting lock gates .| 5000 5000

Total .| oo $298,549

plans from the report of the

The following lithographed
sent herewith,

Canal Commissioners for 1874 are

Plan of lock at Copperas creek....No. in Vol, of Plans... 60
Do. do. lock gate.... do. do. ... 61

The proposed sites for the other 3 dams and locks are,—
50, 90, and 130 miles, respectively, below Copperas creek.
It will be some years before a1l these works are carried out;

when they are finished the enlargement of the Illinois and

Michigan canal, to fit it for the same scale of navigation,

must follow.



176 THE FOX AND WISCONSIN RIVER IMPROVEMENTS.

2ad. The ** Hennepin Canal.”—1t has been proposed t0
construct a canal from the Hlinois river ab 19 miles bclow.
the end of the Illinois and Michigan canal to the Mississippl
at 8 miles above Rock island, that is, at 200 miles above the
mouth of the IHinois viver.  The length would be only 65%
miles; the lockage 207 feet ascending from the 11linois
river to the Hennepin river, and thence 92 fect descending
to the Mississippi. A “feeder” 38 miles long, would be re-
quired to supply the canal. Such a canal, with prism 132
feet at bottom, 160 fect at water surface and 7 feet depth
and with locks 330 foct x 75 foet, has been cstimated t0
cost about 12} millions of dollars. It would save “aboub
300 miles of transportation for two-thirds of Iowa, all
of Minnesota, half of Western THinois, and all of Western
Wisconsin which desires to reach Chicago.”

"This canal would undoubtedly be of great importance,
but there is not much probability of its early exccution.

3rd. The " Fox" and ' Wisconsin"' river impr O?Je-t
ments.—1 did not sce these works, but to make the subjec

of the connection of the Mississippi and the lakes complete,
1 give the following extracts frowm official documents :—

Extracts from - The Wisconsin river, having its vise in the northern part of the Sta:o
gti?toe?:]i Com- of Wisconsin, runs southerly until it appronches the Fox river turns o )d
Transporta- Truptly south-westerly, and, running in that courso one hundred an

{ion Routes, eighteen miles, emptios into the Miysissippi at Prairie du Chion.

The Fox river, having its rise in the southern part of Wisconsin, runsé
north-westerly until it approaches the Wisconsin river, turns abruI"“Y
north-eastorly, and, running in that course one hundred snd sixty milos,
(to be reduced to one hundred and fifty-three miles) emptios into Lake
Michigan at Green Bay.

The course of the two rivers bolow the portage, the point of ncm‘.est
approach, is surprisingly straight, and ncarly upon & due line passing
through Prairie du Chion and tho Straits of Mackinaw.

The divide, or portage, separating the Wisconsin rivor waters, 1ond1.ng
into the gulf of Mexico, from the TFox river waters loading into tho Saint
Lawrence, is a lovel sand prairie, without rock, and in width one and onle
half miles. Tho Wisconsin at the portage is ut tho gummit level. 'It P
ahout 7 feet higher than the Fox at the portago, about 200 feet higher
than lake Michigan at the mouth of the Fox, and 169 feet higher than
the Mississippi at the mouth of the Wisconsin-

. . Fox
Already a canal at the portago connects tho Wisconsin and the w?t }
(This canal is 2 miles long, nominally 4 feet, really only 2 feot deep,
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. ‘gua.rd’lock on the Wisconsin and a ¢ drop’ lock into the Fox.) A
lack-water communication extends from the portag? {to Green Bay, @
istance of one hundred and sizty miles, overcomes by locks (of dry stone

rrotected by wood) and dams, the fall of 200 feet, and connects the Wis-

Y -
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,onsin river with lake Michigan.

= .
1

X =L
S

The Fox river from its- mouth to Oshkosh, on lake Winnebago, has o
about 4 feet, and from lake Winnebago to the port-
poats of 3,4 and even b

low water channel of
age of about 3 feet. At stages of high water,

feet draught have passed from {ake Michigan up the Fox river, and down

the Wisconsin into the Mississippi river. Ag late in the seasonas June

boats of 300 tons burden have made the passage- In stages of low water

TRt o A § WALALS 0CT]

.

3
% Pl S the Wisconsin cannot be navigated on account of the drifting sand.” *
\'jx ; E E & ! The Wisconsin and Fox rivers jmprovements to have five feet draught,
S 8 .. N - # to be 271 miles in length, of which 118 are to be unobstructed river and
£ R V-——-:"" ; 153 slack-water navigation, with 27 locks, 160 feet by 85 feet and 6 feet
& 3 ' Z’ g ,\ . ; o, ‘w L on sills, and & total lockage of 195 feet : and not to exceed SiX miles of
4 E ':; '§'° g‘ - ‘. ~ canal in all, including tho ghort canals around the dams, and to pass
= = / e 3 { ’ poat of over 500 tons. * * * *
= § B QE g / The special advantage, presented by this route are these :—
% - §, v.« ,?.? %1 : I * 1. Itrung on?d direct line to the centre of the great gurplus wheab
o] ¢.§ fh o 7 oy '{fo”g 20 v aren of the country, which supplies the bulk of the grain shipments east
s Pt ‘é a , E ; é 1 and to or near the centres of the surplus areas of other grains.
E % g% , \‘f)‘? % 2 9. It has less canal, less lockage and costs less than any other pro-
N e @ ;'; ;‘108“5 "‘a: X posed route.
Cé E z :3": / ,"’; / ""'L,‘(q " 3, Its point of connection with the lake ab Green Bay is nearly 200
Z g“ §> 2 . <) E R ?;,o% &:\ Eiles pearer to the iastern marketi than the s:uthern end of lake
3 g ° o \ ANT /. ichigan.
i .'%’ ?.'3 :.é,, \f/{L £ t( . e 4. Congress has already directed the Secretary of War to improve the
o 2 3 - é!j / A- °°.,% ) Wisconsin, and has prescribcd the plan of improvement ; 10 further ac:
w3 E % “{ X tion of Congress being necessary gxce?ting to make afiditiox.ml appropri-
a 2 n g 9 ?,, °r,,* ‘ ations * * « Qolonel Houston, United States Bngineer in charge of
Z 'g ;: ;' “._\ - X . this work, estimatos its enti‘re cost ab 3,000,000 dolla.rs, a sum fjotally in-
< 8 % 5 ‘ u . 0,,‘ L ‘ gignificant in comparison with the results t(? be obtained. Owing to the
@ s 8 Q et \o ;nadequacy of the sums heretofore approprmted, the improvement has
E :o: "% % ‘f, Q'b \ % : progressed very slowly, and at much greater eXpense than was necessary.
wn . 3 2, ‘. In view of the great benefits to be obtained, the Committee are of
% g N oot 1'.‘" v " 3"; ‘ opinion that liberal appropriations ghould be"made to complete theim-
# 08 L88VP PY - e | - provement atb the earliest practicable moment.
?_.1 » * ‘S‘ o* > E °$1 é i A sketch map of the Wisconsin and Fox rivers is appended.
2 Ry RN : \
’ ﬂ\" i 3 ’
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IMPROVEMENTS OF THE UPPER
MISSISSIPPI.
(.Visited 27th July—2nd August 1876.)

—0:

The Upper Mississippi from its sources in lakes “ Leed\’i
and “ Winnebagoshish” to its junction with the Missour!
river is 1,330 miles in length, and drains a basin of 169,000
square miles in area. At 675 miles from lake Leech the
river falls over a sandstone and limestone cliff about 50 feet
high, known as the Falls of St. Anthony.

Extracts from Above this ¢ the river has for several years been gucconsfully navigated

:;1??&1: og'fom- by steam-boats from the Falls of Saint Anthony to Sunk Rapids, 8 distu.nC:
til(‘);nﬁ%%xé?s: of 78 miles. During navigable sensons small stcam-hoots ure aleo run O

1874. " the various reaches of the river from Minucapolis to Leech lake, tht
entire distance being about 675 wiles.”

It is proposed, but not decided on, to improve the navi
gation of this portion of the river by means of locks, of
‘total lift of 62 feet, at “ Sunk Rapids,” Little Falls,” an:

"« Pokegama” Falls.

Below the Falls of St. Anthony the rivet has no pe!
pendicular drops, but has two rapid slopes—one, the « Roc
Island Rapids,” above and along Rock Island ; the other, ﬂ
« Des Moines Rapids” between Montrose and Keoku
Both of these have rendered the navigation of the riv
above Keokuk difficult at most times, and impossible for tl
ordinary river steamers during low stages of the rive
The works dealing with these two obstructions constitul
with the exception of some dredging and construction of
few loose stone dykes, the whole of the improvements of t
Upper_Mississippi.

ock Island The work on the Rock IsLaND Rapips, 348 miles bel
pide. the Falls of St. Anthony, consists of the enlargement a
straightening of the tortuous natural deepest channel t!
wound its way through the bars and reefs of magnes
limestone which, in the 14 miles between St. Claire
Devenport, separate the river into 7 or 8 pools. Thee
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mate for the whole work was 57,141 cubic yards to cost
813,602 dollars, but both the quantity of work done and total
cost have been greater than anticipated. When I visited Rock
Island (28th and 29th July 1876), there reinained but a few
hundred cubic yards of rock exeavation to finish the work
to the presceribed breadth of 200 feet and depth of 4 feet at
lowest water. Where the rock to be removed lay in con-
tinuous sheets it was got out by means of coffer-dams.
The appended excerpt from the official report of the work
done in 1874, with accompanying sketch, will give a fair
general idea of the nature of the coffer-dam work which in
this case cost 12 dollars a cubic yard, and bas over the
whole work cost from that to 10 dollars a cubic yard :—

“ As goon ag the contract was awarded, Mr. Williams commenced with his Operations of
usual energy the work of coffer-dam at.Lower Chain. The peculiar posi- 1874,
tion of the coffer-dam at the Iowa side of the channel demanded a strong
breakwater, as the currcnt at this place is a very swift one. Six stone
cribs, of the dimensions 16 feet by 16 feet, were sunk in intervals and con-
nected by strong timbers, upou which an apron rested to create still water,
in which the head and corners of the coffer-dam could be placed.

The work was commenced August 8, 1874, and on the 4th of October,
1874, 2,649.6 cubic yards of rock had been removed from the inside of the
coffer-dam, which represented a length of 1,505 feet in its circumference.
The average cutting of the rock was one foot and seventeen hundredths of
a foot over the whole surface of bottom enclosed by the limits of excava-
tion, and the rock itself was a hard limestone intermixed with silicate.
The rock excavated in the pit was given by your permission to the city of
Davenport for improving streets. The contractors delivered the flat-boats
loaded with rock at the levee, about one mile distant from the head of
coffer-dam, and the city unloaded them with her own forces. In this way
the work was carried on rapidly, and the Government and city were both
benefited. During the progress of the work of excavation the water in the
river raised considerably, and tho coffer-dam was overflooded for o period
of thirty hours ; but, owing to the unceasing energy of the superintendent
of the contractor’s forces, the crown of the dam was raised, tho water
baled out, and after the lapse of the above-stated time work of excava-
tion was resumed and withont interruption brought to an end. The work
was inspectod by a thorough level, and showed that the plane of grade 4
feet below low water of 1864 had been kept very finely.

Pains were taken to make the bottom of the pit like & floor, and of the
last lovels no difference excecding 0.20 below grade were found. The
dredge was afterward set to work to remove the coffer-dam cribs, stones,
and puddling, and on the 19th day of October this work was reported

finished.

The sounding-machine was towed over the ground where th
stood. A éhorough inspection with it, and besides an investigation with a
X

icoﬁer—dam
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kind of a rake attached to the machine, proved undoubtedly tho work to
bo dono very well, in econscquenco of which the wholo work was recom.
mended to you for acceptance, and as tho season was noar at an end, o

final estimato closed the improving of Lower Chain”

Where the rock to be removed was in patches too small
to make it worth while to construct coffer-dams it was
broken up by enormous stecl-edged jumpers worked by a
ringing machine, and then dredged out.  Such work varied
in cost from 12to 16 dollars a cubic yard. ‘Boulders were re-
moved by drilling holes in them from a tripod platform and
then blasting them, the fragments being either dredged out
or dragged by chains into some deep pool where they were

not in the way.
When at Rock Island T had the opportunity of seeing the

ingenious and most uscful sounding machine invented Ly
Mr. Hoffman, and am indebted to that gentleman for the
enclosed deseription of it (sec at eud of note) ; the
courtesy shown me by him and by Colonel Macomb, Corps
of Engineers, U. S. A., who isin charge of the Improvements
of the Upper Mississippi and Illineis rivers, deserves my

grateful acknowledgments.
To Colonel Flagler, of the Ordnance Department, who

has charge of the Rock Island Arsenmal works, I am also
indebted, for his' kindness in showing me thoroughly over
his interesting works. The power for all the Arsenal work-
shops is to be obtained from 40 turbines, worked by a head
of watcr, of from 7 to 8 feet, gained by running a “ wing
dam” from the entrance to a branch of the river at the
upper end of the island, to above one of the sharp slopes of
the rapids, and then putting a masonry dam with the tur-
bines on its down-stream side, across the branch about a mile
below its head. The turbines being some } mile from the
workshops, the question of how best to transmit the power
occupied much attention. It was originally intended to do
this, by compressed air as in tunnel driving, but that systems
.after elaborate investigations, Colonel Flagler has shown
not to be applicable in this case,and wire rope is to be used
as the transmitter. The Ordnance Department, under
which the work is, do not, it appears, publish reports, but I
trust Colonel Flagler will before long make public his

investigaffons.

THE DES MOINES RAPIDS.

THE DEs MOINES RAPIDS are situated 145 miles below
Rock Island. They extend from Montrose Island opposite
Nauvoo (the first home of the Mormons) to Keokuk, a dis-
tance of about 8 miles, in which the total fall, when the
river islow,is 183 feet. At such times the water flows
over the limestone rock, which here paves the bed of the
river, with a depth of only a fow inches, except where it has
worn for itself a narrow tortuous trough of about 3 feet
deep. For agreat part of the year these rapids are quite
impassable by ordinary river-steamers, and cargoes bave to
be unloaded and sent over the rapidsin smaller boats, or
sent past them by rail and re-shipped, at considerable cost.
The United States Government having decided to turn these
rapids by a canal, which shall at all times be able to pass
the largest boats which navigate the river above them, the
work was commenced in 1868, and when I visited it (Ist
and 2nd August, 1876,) was nearly completed, but was at a
temporary stand-still for want of appropriation of funds—
a state of affairs which has happened more than once in the
history of the works and has, of course, added considerably
to their cost.

The cost of the whole work will very much exceed the
original estimate, and will be between 4 and 5 million dol-
lars. Major Stickncy, Corps of Engineers, who is in charge

" of the works and whose courteous kindness to me I desire

to acknowledge, has lately found that he can do the works
much cheaper and better * departmentally” than by con-
tract, as the following table, compiled from his report, 3rd

July, 1875, will show :—

Cost.
REMARRS.

Clagses of work.
By labor hire-| By contract.

ed by U. 8.
Dolls. Cts. | Dolls. Cts,
Cut-stone masonry, per
oubio yard - . & — 65 8 — 00
Conorete foundns. do ...] 2 — 85 5 — 66
Rock excavation per do .. 84| 2 —~ 40 )
Do in river deepening *Not in report
chanvel per cubio yard.../| *5 — 60| *8 — 00 but given me by
Earth excavation e 83 45 Major Stickney.
Blope wall W] 1 — 88 1 — 00
Ib, 108 10 | $8ic.

Wrought iron work, per
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Prism,

Locks.

THE DES MOINES RAPIDN.

The canal proper is 7:6 miles long and skirts the right
(west) bank of the viver. At the lower entrance to th.o
canal isa lock with lift of 11 fect ; at 2 miles above this
is another one with a §ift of 8 fuet, and at the upper entrance
to the canal, at Nashville, is o # guard lock” with gates and
head-bay walls above the highest floods which, at that places
rise 11 feet above low water.  Above the canal a chun‘nCI
through a chain of rocks has been excavated nearly 4 mll(}ﬂ;
long, 200 fect wide and 5 feet deep at low water. Most of
this excavation was got out with the use of cotfer-dams,
one of which lust year enclosed 95 acres.  The canal proper
is ab water surface 250 feet wide when wholly in rock cut-
ting, and 300 fect wide in other parts; the bed is 5 feet below
lowest water surface.  The bank hetween the channel and
the river is 10 feet wide at top, 2 feet above highest water,
and is protected by pit,i?hiug on-both sides.

Sketeh of prism of canal,
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The locks are 334 feet long from mitre of lower, to 'back
of upper sill and 782 feet wide at floor. They are built of
large blocks of magnesian limestono set in hydraulie cemcnf:
and are founded on the solid rock. The side walls are t
feet wide at coping, with a face batter of } inch in a foob
and stepped out at back 74 inches at cvery 8 feet down.
The masonry sills of the guard and middle lock are 5 feet,
and those of the lower lock ¢ feet, below lowest water.
The floor of upper bay of cach lock is at the same level a8
that of the chamber, and has across it a breast wall of tl.le
same height as the upper sill and 33 foet in front of it.
From each side of this bay 4 vents, 3 feet wide x 6 ff?ef'
high, lead into a culvert, 8 feet wide x 9 feet high, wln(fh
runs with these dimensions to 58} feet beyond the uppor aill
wall, and from there continues, gradually tapering, for 18.3
feet, at 10 feet back from the face of the side wall ; in this
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ol *12 N 3»& . ‘ 183 feet, ci ; ;
3 & X N : eet, eight vents, 3 feet wide x 6 feet high, open from.
! E :; = § i ! the culvert into the chamber. For emptying the locks the
S 2 g: : N arrangement .xs 31'm11ar. In each. lower gate recess are 4
5 g‘ § : . vents ‘of the size given above, which lead into a culvert out
a E% . % 2 of which 5 vents open into the tail bay. FEach of the vents
o ! S@)‘ in the head bay and in the lower gate recesses is closed by
; §\ ‘}Hg : N a shutter ; it would have been simpler and less expensive in
w A } cost and maintenance to have merely closed the side culverts

! o8 3 I by one, or two shutters.

; by = ,9;‘ ‘ The gates are built of white oak. The leaves are each 46
R feet 2 inches long from heel to mitre, and are formed to 2

feet wide at the ends and 4 feet wide in the middle by the
front ribs being built of four 3 inch planks bent to the re-
quired camber, the space between them and the rear straight
timbers being kept by 3 vertical posts, through which run
the bolts fastening the front and rear ribs together. The
planking in front of the gate is 3 inches thick. The ribs
which are 1 foot apart, are each braced by a tension bar
passing over a cast iron saddle on a vertical post on the
vear side of the gate at the middle of its length, The
heel postsare cast iron casings into which the ends of the
ribs are bolted and the quoins in which they turn are of
cast iron built into the masonry. The gates are kept 11
inches clear of the floor and are entirely suspended by .
wrought iron suspension bars, 2 to each leaf, which turn on
a 3 inch diameter steel pin on a cast iron tower post, which
is held in position by 4 iron guy rods attached to anchors
built in the masonry. The general arrangements of the
gates and suspension gear are given on the 2 sheets of
sketches (Nos. 62 and 63 in Vol. of Plans) sent herewith,
which, together with the general plan and cross-section of
lower lock, were, by the kind permission of Major Stickney,
copied from plans in the office of the works at Keokuk.
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The lock gates and side vent shutters and those of the sur-
plus channel sluice are all to be opened and shut by chains
and gearing actuated by bydraulic power, which is to be
so arranged that only one man on each side of the lock will
be required to work it. Of these arrangements Tam un-
able at present to give details, but I am in hopes that when
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APPENDIX.

Descrirrion or MopeL or Sounping MAcHINE.

“ An apparatus for obtaining and recording soundings with greater

rapidity and accuracy and at less expense than by other methods
has been used for some years in the improvement of Rock Island and

Des Moines rapids of the Mississippi river.

In general surveys of portions of river by the use of the machine,
large numbers of soundings are made at regular intervals, with no
wide gaps as are customary in skiff-sounding, so that superior hydro-
graphic maps are obtained which accurately define the channel and
give a perfect representation of the river bottom., In rock excava-
tion coffer-dams may be properly located, or where chisel and dredge
or the various methods of submarine blasting are employed for re-
moving smaller patches of rock than it is customary to coffer-dam,
the quantities of rock removed can be accurately determined.

This machine was designed and constructed by Major E. F.
Hoffinann, Assistant Jngineer, under supervision of Col. J. N,
Macomb, Corps of Engineers, U. S. Army,

BODY OF MACHINE.

The body of the machine consists of five small flat-boats, one of
which is somewhat larger than the others, combined as shown in the
model into a system one hundred feet in length. This system is
attached to the bow of a light draught steamer, at right angles to her
centre line, by means of two diagonal spars, so as to place the appa-~
ratus completely under her control, and insure a steady uniform
motion at any rate of speed desired. Upon this system of boats is
erected a frame-work of masts stiffened by guy-rods, which carries
the sounding boxes and poles, ten in number, at intervals of 11.1

feet.
APPLICATION OF POWER AND OPERATION OF POLES.

The power for working the apparatus is transmitted from the
steamer by means of a steam capstan. This suns a line of shafting,
passing through the lower endd of the sounding boxes, on which
shafting are the wheels which carry the chains which draw down the
sounding poles, The poles on striking the bottom displace a lever
arm, thus bringing a counter-weight running in the sounding boxes
uto play, which draws the pole back to its original position. Should

18
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the water be deeper
er be deeper than the length of the pole, on reaching full

length th - 19 gtr i
. g ¢ lever_is struck by a fixed arm on the sounding boxes and
i pole returns as before, o

PERPENDICULAR MOTION,
'JU il]."‘lu'“ a ]l 'pen i 1 1 1) 3 1nt (l S(:(’,llt
3 C]] Cl (llcullll' motion Of t} @ 01('/» i h(‘ir Ci
- ]

cords are attache ir f i
- 3 ;“}3 1§t-u.dud. to their fect, which cords pass around wheels on a
e of shafting Iaid along the bows of the flat-boats.  This shaft is

run by a pair of scre i
y a pair of screw wheels on the main ghaft, the perimeters of

whi 2ls are so ad) i
. C}tl ?vhec.s are so adjusted as to give just sufficient line to cach
c R . . g N
pole to insure perpendicularity at whatever depth it may descend

RECORDING APPARATUS,

On the ux?s of the wheels at the tops of the sounding boxes are
screws, tlxc. dimensiong of which are such that the pm‘ipllc‘l‘y (ieicrtib-
ed b-y a point in the thread of the serew in one revolution is 'u; pro-
l)()l‘tl()llrt(.) the periphery of the wheel itself as to 2 to 155 so that for
:ﬁzhslc-];inclmijlnf descent made b‘y t.hu pole, the line passing around

v will be wound up 2 inches. (In the machine small
pulleys are used instead of screws and the proportion is as 1 to 15.)

pulll‘:;slx::z I::Z?ng, around these screws are conducted by small
‘ ast to the upper end of small steel rods, ten in
number, each rod corresponding to one of the poles. These ; d
onh.snliull sharp-edged wheels pressed firmly against whit;"pa‘;:rn(l)rlll
which paper as the poles descend marks ar tional i
length to the distance of descent of the :czli'ci;l:i(:(}liﬁmpzllmon?ll‘}l'n
series of marks constitutes the record and may subscqfelr:tl;z' be 1':3ls

roduced in figure )
produced in figures by means of a scale prepared for the purpose

METHOD OF LOCATION.

l‘ ¢ Mmoue C t‘ 8 mngs Hl(,l,(l(} by tll(} m
] H O l 0{ 10 atin ﬂle § Oun({ b i i
s o ‘D achlﬂe 18 a8

nt X y
(‘ n the shore at both ends of a measured base line are two
: : men
wntdl theodolites. At the instant of sounding, the signal (in th
reod . in the
n;obcl m][.n esented by a brass ball) is run up, this being L:Lccoml lish
cd by a line passing over a wl .
g wheel run by the main shaf 18 8i
“ . ing ov ‘ : y ain shaft, this signal
t}e centre of which is in a line with the sounding poles ,is covugd ;
1¢ samne inste "t : o o
e nf}r ;nst‘mt of time by the cross-hairs of the theodolites on
Anot};er mus, t.h}enh one end of the system of boatsis located
an with theodolite is stationed :
‘ on the same end
e ' of the ap-
fhe . ;, who at the instant of sounding takes the angle representirlx)
erence of direction of the centre line of the system of boati

APPENDIX.

om Lis instrument to one of the instrumental siations on

and a line fr
the signal and the theo-

shore. The relative positions of the poles,

dolite on the boats being known, the location is complete.

CAPABILITIES OF MACHINE.
ble of making 6 dips a minute, or 60

goundings, yet as the theodolite observers cannot, without great labor,
make more than 3 obscrvations per minute for any protracted length
of time, the operation of the machine is restricted to 3 dips or 30
This would give, making allowances for the
usual delays, about 10,000 soundings per day. DBy means of a skiff
about 1,000 per day can be made. The advantage then in point of
time of the machine over skiff-sounding is as 10 to 1, In prelimin-
oreat accuracy of location is not required, the
te may be made by interpolation, and

Although the machine i capa

goundings per minute.

ary surveys or where
full quota of 6 dips per minu
90,000 soundings per day can thus be obtained.

The following table shows the advantage per day of the machine

in point of expense :—

SKIFF.
9 Theodolite observers .o e (@ $4-00, $8-00
2 Poatmen ..ee.e @ 2.00, 4.00

1 Sounder @ 2-00, 2.00
@ 2-00, 2-00

@ 1-33% 400

et

Total per day .....................-......3520-00
By skiff 1,000 soundings per day, at $20.00 would give 2 cents

per sounding.

1 Flagman eeeceees voee
3 ReCOrders ceveeareossnssnnoarssnoseess

MACHINE.

Hire of steamer (including men and
P71 FOURIURSRRRRRL R LS $36 -00
T Dilot.even wresennernrsenmarerraniensst ~5-00
3 Theodolite observers.... wrereaeeni@ $4-00, 12-00
1 Machinist «.oeeverreercarens veevrinee 3-00
1 Assistant Machinistue e s eeese oo 2-00
4 Recorders ....@ 1-33%, 5-33
$63-33

oo s vov eserea st

Total per day seeeesseeseeeeere

By machine 10,000 soundings per day,

about 63-100 of a cent per gounding.
¢ machine is about 3} to 1 in point of ex-

at $63.33 would give

Or the advantage of th
pense.”
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PN M
P.S. by Major Hoffmann.— For usi
detn i o 1 or using the machine to a ereater
R rs or harbors the soundine e
o

inereased i boxes .
creased in length to the respective de ¢ and rods must he

such 2 case a vorrespondi Pth required say 30 feet, and in
would be advisaly sponding l(zngthcning of the small ﬂ, I
advisable RPN . B at-hoats
ro y the original width beine L uts
great advantage of the machine is, that ; 8 muantained. The
feet of ri ) 'S that it cover i
ver s that 1] crs a width of I
Pe"I’CndiculM, ot ie poles descend simultancons and .] 0
bng, Tund 1 ion (2 thing never possible | Y}-m with a
£), rther «  the . o > I h -
the stefisce f;l wt the depth of the water is me and-sound-
in sov ; Ob the water to the hottom of the river ;'“"“1‘0‘1 o
wnding by hand  fyc ’ * Iver, and not ¢ \
of the “‘Ht:r YT; d‘hom the bottom of the river to t} v done
’ . 1 s . i Hee
rately adjusted & (; feet of the poles on the machine e surlice
wags | o the surface of the water. The mack; are accu-
ays moves up stre Ty« y achine itgelf al-
an un(']umvrulb] ‘ lam very slowly and steadily, and thus sound dft "
changeanle plane to the bott 3 sounds from
ottom of t} H
e river,

readi i X .
lings in the system of sounding A1l incorrect
o

waves on the water are avoided and tlby e ocosioncd " rinples or
' «dand the aut i ‘
e o - 7 > automatic recording i
1 5 %0 frequently observed when sound; R
done by men. The machine in tl g
) . : 1row
ﬁoundmg saves besides considerable ]
our 1 \
gures and reducing them to low wat

: recording s
. “?8 out the records of the
a ;1‘ in the office in compiling
er from the s 3
0 - ¢ soundin

e reduction for low water ig effected m g book

chine, and human errors are thercby avoidchChanically by the ma-

A sum { ]
of fr % £
rom | &0

, 00 to $3,000
sounding to 30 feet. #9000 would construct a fine machin

* hibition, b

ACKNOWLEDGMENT,

A CRNOWLEDGMENT.

I wish to specially acknowledge the courtesy extended
to me by the American Society of Civil Engineers, and in
order to show English Engineers how neatly and thoroughly
such things are done in America, I give the letter which I
roceived from the Secretary of the Society soon after my
arrival in the country.

AMERICAN SOCIETY OF CIVIL ENGINEERS,

4, East TWENTY-THIRD STREET, NEW YORK.
June 2nd, 1876.

IN PUILADELPHIA:

West Gallery, Main Ezposition Building,
And with American Institute of Mining Engineers,

1123, Girard Street.

Dear Sig, .
On behalf of this Socicty, Iam instruct
daring your visit to the United States.

Tts rooms and library with means for
ondence wi

ed to extend to you its courtesies,

writing, are placed at your disposal;
upon request, your corresp 1 be received and forwarded as
advised by you.

The Centennial Commission of the Society, {(Mr. John Bogart, Resident
Secrotary), has rooms-in West Gallery, Main Exposition Building, Philadel-
phia, where similar facilitics will be furnished, and snformation given, not
only regarding the various Engineering Exhibits of the International Ex-
at location and means of inspecting the more interosting manufac-
turing and public works of the country.

The American Institute of Mining Engi
tion to join with it in welcoming you b
o open ip the evening (the

and are the resort of engineers, and those interosted in engineering.
d the Eighth Annusai Convention of the

You are slso invited to atten
Society, to be held in Judge’s Hall, Centennial Grounds, June 13th and 15th
next, from 10§ a.M. to 1} p.M, and to take part in the proceedings.

Permit me herewith to hand you & card of introduction to members of
this association, with & list giving their names, Jocation, and epgagements,
whereby in your travels about the United States you may at once refer to

those who are in charge of principal engineering operations.
Your obedient Servant,

neers kibdly permits this associa-
o its rooms 1100 Girard Street,
Philadelphia, which ar Exposition then is closed,)

- i
N \!v.;sg,;\ ‘,.f.‘"i

To GEORGE T, WALCH, EsqQ.

YD HE 5 o
_Q.@o,,éﬁy s @

etary. W,
)
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