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STATE OP NEW-YORK.

No. 296.

IN ASSEMBLY,
March 14, 1835.

REPORT
Of the Canal Commissioners on a resolution of Hie
Assembly of the 23d February, relative to the cost
of canals and rail-roads.
The Canal Commissioners, in obedience to a resolution of the
Assembly, under date of the 23d ultimo, requesting them to report
" at as early a day as conveniently may be, a statement shewing
the average relative cost per mile of- canals and rail-roads, the
average relative expense annually of repairs and superintendence,
and the average relative charges per ton, or other given quantity
for transportation; and also, whether in their opinion, any, and
what articles of produce, merchandize, or manufacture, can or cannot, having a due regard to the saving of time, as well as other
circumstances, be more advantageously conveyed on rail-roads
than by canals, with the reasons for their opinion, and such observations on the general subject of this resolution, as they may deem'
appropriate to guide the action of the Legislature in reference
thereto," respectfully submit the following
REPORT:
The subject submitted to the consideration of the Commissioners, is interesting in its character, and of some fjublic importance.
The comparative cost of constructing rail-roads and canals, the
comparative cost of transportation, and the comparative expense
of superintendence and repairs, are subjects which have occupied a large share of public attention; and respecting which, many
speculative opinion* have been advanced. At one period, the *pub[Assem. No. 296.]
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lie were assured with some degree of apparent confidence, that
rail-roads would supersede canals; and it will no doubt, be recollected by many, that inquiries were made as to the probability of
converting the Erie canal into a rail-road.
Experience has gradually developed the relative utility of canalsan drail-roads for the transportation of property. We think the
period is not distant, if it has not already arrived, when the superior advantages of a canal over a rail-road, as a means of conveying property, will be Indisputably demonstrated.
It is believed that it will not be difficult to shew, that the expense of transportation on rail-roads, is very materially greater than
on canals. In addition to this, there are other important considerations in favor of canals.
A canal may be compared to a common highway, upon which
every man can be the carrier of his own property, and therefore
creates the most active competition, which serves to reduce the
expense of transportation to the lowest rates. The farmer, the
merchant, and the manufacturer can avail themselves of the advantage of carrying their property to market, in a manner which
will best comport with their interest.
Much of the property which passes on the canals is carried
by transportation companies; but the largest portion is carried
by individuals and small associations. The individual who becomes the carrier of his own property, has the advantage of
paying nearly one half of the expense of transportation, in the regular course of his business; and the cash disbursements often do
not much exceed the payment of tolls. To the farmer, the profits
on return freight in many instances gives a full indemnity for the
expense of taking his cargo to market.
On rail-roads the proprietors must necessarily be the carriers;
and this is the general practice.
It appears that in the State of Pennsylvania an attempt has been
made to permit an indiscriminate use of rail-roads. On this subject the Canal Commissioners of that State, in their last annual report, remark as follows: " Before quitting the subject of railways
the Canal Commissioners take occasion to remark, that the experience of the past season has convinced them that these roads, either
as it regards revenue, facilities to trade or general aecommoda-
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lion, will not answer public expectation, if thrown open like public highways, to be used indiscriminately. Every person who has
paid the least attention to the transportation upon them since they
were opened, must be convinced that an unrestrained and indiscriminate application of motive power is attended with danger, de»
lays and interruptions. Safety, regularity and punctuality must
first be secured, before those important links in our great chain of
improvements can fully answer the purpose for which they were
designed, and the board are decidedly of opinion that this desideratum is only to be obtained by the Commonwealth furnishing all the
motive power, and directing its application,"
There is some difficulty in furnishing an accurate comparative
statement of the cost of constructing canals and rail-roads. The
character of the country in which a canal, or rail-road is situated,
and the manner in which they are constructed, nave an important
influence in determining their cost} and unless the prominent circumstances which have a bearing on this question are understood,
it would be difficult to do more, than furnish an approximate estimate.
To furnish a statement of the actual cost of several canals, and
rail-roads, with a brief allusion to the prominent features which
have a bearing on the question of cost, is the best evidence which
can now be furnished, in answer to that branch of the inquiry.
The relative annual expense of superintendence and repairs, is
not the subject of estimate on any fixed data; but must rest on experience. This expense would depend on circumstances which
are hardly similar in any two cases. The character of the country, the permanency which is given to the work in its first construction, and the amount of business, governs this question to a
great extent.
The Erie canal was commenced in 1817, and completed in 1825.
Every part of it has been in use 10 years, and some parts of it 15
years. In this period many of the structures of wood have been
twice renewed, and all of them once. Several important improvements have been made, such as the widening of aqueducts, & c ;
and the banks on much the largest portion of the line, have been
faced with stone and timber. The great facilities which are furnished to accommodate the large trade which is done upon it, by
removing bars and dcposites in the bottom of the canal, guarding
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against breaches, their prompt reparation when they occur, gravelling the towing path, attendance at the locks, &c. &c., exceed
the expenses which ordinarily occur on canals, and is much greater than would be necessary where a limited amount of business
is done.
A statement of the average annual expenses for superintendence
and repairs, from 1828 to 1835, will furnish the most accurate information which can be given in regard to this expense.
The annual expense of repairing rail-roads has not yet been developed by experience.
The Manchester and Liverpool rail-road was completed in 1830.
The Baltimore and Ohio rail-road, in 1831; and the Delaware and
Hudson rail-road, in 1829. These companies have severally given
a particular statement of the actual annual cost for superintendence and repairs. But this expense will fall short of a true average after the lapse of time within which the wood, work of these
roads must be renewed.
Thi? proprietors of these roads have furnished a detailed statement of the actual cost of transportation^ independent of tolls or
jpcofit tp the company; which, compared with the actual cost of
transportation on the Erie canal, will furnish the best data which
can now be given, of the relative expense of transportation on canals and rail-roads.
The Commissioners have not had it in their power, since the receipt of the resolution, to whicb they are now replying, to investigate Ibis subject with that care and attention which its importance demanded. One of the acting Commissioners is absent, oa
account of severe indisposition in his family, and another has been
in feeble health. Under these circumstances, and with a view of
giving the subject a speedy and careful examination, they called to
their aid John B. Jtervis, Holmes Hutchinson and Frederick C.
Mills, Esqs., civil engineers, of experience in the construction of
canals and rail-roads. Their report, accompanied by several interesting tables, is herewith submitted.
The Commissioners have examined this report, and believe the
general results to be correctly stated This report contains all
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the information which can now be given in answer to the several
inquiries submitted to their consideration.
WM. C. BOUCK.
MICHAEL HOFFMAN,

March 17th, 1835.
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DOCUMENTS.

REPORT
Of John B. Jervis, Holmes Hutchinson and Frederick
C. Mills.
To the honorable the Canal Commissioners of the State of NewYork:
GENTLEMEN—

We have examined the question you submitted to our consideration, in relation to the relative cost of construction and repairs
of canals and rail-roads, and also the relative expense of transportation, and present in the follow report, the facts and views we have
been able to obtain. The importance of the subject compels us to
regret, that more time could not consistently have been taken, to
obtain further facts, and allowed us to carry the investigation into
greater detail. We have felt compelled in a great degree, to confine ourselves to an exposition of prominent features, in the two
methods of facilitating internal communication. We believe, however, the facts presented, and the exposition of the bearing of those
facts, will be found useful, in leading to correct conclusions in regard to the question under consideration.
RAIL-ROADS.
The utility of rail-roads is materially, and in some respects, peculiarly affected by the ascent and descent that is overcome, and the
relative amount of trade requiring transport in opposite directions.
For instance, a rail-road requiring transport only in one direction,
would be most favorable with such a declivity in the direction of
the freight, as would require the same power to move the loaded
wagons, as would be necessary to return with the empty ones:
and this declivity would decrease in cases requiring transport in
both directions, and become level when the freight was equal.
In this country, it rarely occurs that freight is equal in both directions; more frequently it is 2, 3 and 4 to 1. To obtain the
most favorable graduation to the trade to be accommodated, it is
essential that it be uniform, or nearly so; which the route would
not often admit without too great expense, and in some cases would
be impracticable. On important lines for general trade that have
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any considerable extent, there will, from the character of the country, often require a level, and sometimes a small ascent in the direction of the greatest trade; and it would be a favorable compromise to exchange all acclivities and declivities for a level road.
Though there would be exceptions, still, it is believed a level road
would afford a fair standard, in determining the general question
of utility.
Below will be found a statement of the cost of several rail-roads,
and in some cases the cost of transportation.
It is to be regretted that more authentic information of a practical character is not in our possession. The authorities as well as
the facts, are stated to show the weight which they are entitled
too. In some important cases they are authentic; and these will
be adopted as the basis of our conclusions.
Baltimore and Ohio Rail-road.

From Baltimore to Point of Rocks, 675 miles, by report of chief
engineer, (October, 1832,) this section was stated to be nearly
complete, and the cost #29,193 per mile. In a document of second
session 22d Congress, No. 93, it is asserted this road had then cost
nearly $34,000 per mile: We have examined the subsequent reports of the directors and their officers, and find nothing to change
the statement of $29,193 per mile.
The grading of this road is done in a substantial and durable
manner; over f of the superstructure is timber sills and rails, capped
with an iron plate: i (or ^/ 7 ) is stone rails capped with iron
plates, and T\ is timber rails on light stone blocks.
The cost of transportation for the year ending 31st September,
1834, as per report of superintendent of transportation, was for
motive power and all other charges, (excluding repairs of road,)
except interest and fund for renewal of wagons,
$62,348 57
Superintendent of machinery reports 1,000 wagons
on the road; their cost is not given. They probably cost from $150 to $200 each; if on steel springs,
the latter, otherwise the former: they may be estimated at $150 each, which for 1,000, is $150,000:
interest on their cost, and to.provide a fund for renewal, is believed should be at 25 per cent, which
is,
37,500 00
Total cost of transportation, exclusive of tolls or profit, for 56,120 tons, is,
99,848 57
The average charge of the company, per said report,
is within a small fraction 4 | cents per ton per mile,
produces the sum of,
•
116,254 79
The ratio of receipts to expenditures is 1 to 0.85, and 4.66 x
0.85 = 3.96 cents per ton per mile, as the expenses.
The expenses the previous year are stated by same report to
have been higher: but as we have not the detailed statement, we
cannot give the exact difference.
This rail-road has ascents, descents, and curves, which affect
the economy of transportation.
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In regard to carves, this road may be considered as having more
than is usual on rail-roads, designed main4y for general trade.
All lines of rail-road, of any considerable extent, will be curved
more or less, according.to the character of the country through
'which they are constructed. It is the first object to have it straight,
and next, the lightest ctfrvatwre the country will adniitr The mi*
nimuna will therefore, be determined by local circumstances;—*
While it is considered this road has more curvature than will occur as a general average, it is obviously impracticable to determine
what this average may be. The chief engineer, J. Knight, of this
*(BaI. and Ohio) rail-road, made experiments OH the increased resistance produced by curves, which Jed him to the conclusion, that
in a curve having a radius of 400 feet, the traction was increased
50 per cent. If loconaotive en^nes were "used, then loads would
be regulated by the greatest resistance* they had to overcome, ori
:any part of the route; but a horse can increase his eflbrt, for a
short distance, which enables him on a road that has occasionally,
sharp curves or ascents for moderate distances, to perform a
greater average of laseful effect, than can be obtained from locotnotive steam power. The freight business for this road is per*
formed by horse powsr. The sharpest curves generally occur in
short distances, intervening between straight lines and larger
curves, and will not, therefore, affect the cost of transportation to
so great a degree as if locomotive steam power was used. If we
assume 10 percent of the resistance on a level and straight line^
as the excess over a general average arising from extra -curvature
on this road, and apply it to the section between Parr Ridge and
Baltimore, we shall not probably be far from its true influence on
the cost of transportation.
The next, and most important question that affects the eost of
this transportation is, the ascent and descent. The character of
this road in relation to its elevations, seems to indicate the propriety of dividing it into sections, and applying on each, the power
necessary, without regard to the other, The following divisions
have therefore been made, to wit:
1st* From Baltimore to Parr Ridge, foot of 1st inclined planelength, 401 miles; ascent westward, 590 feet; descent, 23 feet;
total, 613 feet; ascent averages 14.75 feet per mile.
2d. Embraces the 4 inclined planes that pass Parr ridge, 1.94
miles; ascent and descent, 429 feet, viz;
No, 1, 2,150 feet, rise *V.75 = »® feet, ) T
,
,
f
h
2. 3,000
<
<rV , 2 = 99 " )
3, 3,200 feet, fall ^.05 = 160
\
4.1,900

"

^3.3 5—81

Total,.,,
420 "
Intermediate level, about '3 k miles.
3d. From foot of plain No. 4, to end of continuous declivity
westward, 11} miles; total descent, 285 feet; average, say 25
feet per mile.
[Agsem. No. 296.1
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4th* The remainder of roady to point of rocks and branch to*
Frederick, a fraction over 16 miles; descent westward, 169 feet^
average 10.56 feet per mile; ascent westward, 131 feet*
Total rise and faHr 3©0 feet.
The ascent westward, for the-4 divisions, is.. .-.•.-«•..*• 900 feetr
The descent
"
"
„ *.
718 ••
Total ascent and descent,
"
r . . 1,618
By the report referred to, it appears the ratio of freight moving
eastward to that moving westward, was nearly as 2 to 1; for calculation wo therefore adopt this ratio.
It has been shown that the 1st division has an average ascent of
14.75 feet per mile. This ascent, however, is not uniform; inseveral places for short distances it descends westward,, some portions are level, and the ascents are at rates varying between 2.64
and 37.48 feet per mile, excepting a short piece near the foot of
inclined plane. They seldom much exceed 20 feet, except for
short distances. The length of grades at the higher rates of aseent is generally less than one mile, and alternate with those of
medium rate} except near the inclined plane. In view of .the character of this division, it is believed animal power witf allow such
variations, as to accommodate the varying resistance, with nearly
as much economy as on a uniform ascent. If we calculate on a
uniform ascent of 18 feet per mile, we shall not probably vary
essentially from the true economy of the case.
It has been observed, the freight is as 2 to 1 in the opposite direction, being least westward. The weight of the wagons will
probably be I of the gross load; and for computation, we may assume the wagon to weigh one ton; and consequently the freight
eastward will be 2 tons and that westward 1 ton.
The resistance from friction is taken at f\T of the gross load,
the velocity being low. On a level this will require nearly 9
pounds per ton, on an ascent of 18 feet per mile gravity will be T £ T
of the load, or 7.64 pounds per ton. The wagon and its freight
going westward, makes a gross load of 2 tons; the resistance will
therefore be 9+7.64x2=33.28 lbs. To carry on a level road, a
load which including wagons would "be 3 ions, the resistance
would be 9x3=27 lbs. The road with a few exceptions, descends
eastward or is level. The ascents are small and so near the eastern termination, that, in the average, less power would be required than on a level; but we require 33.28 lbs. to move westward,
after providing for varied effort by the animal. Now, as a general result, we could not expect a more equal ratio of freight in the
two opposite directions than in this case, and if 27 lbs. is required
on a level, we have an excess of power to provide for the load moving
westward, of 33.28—27=6.28 lbs., and as this wil) return with the
opposite load, we have extra power for the two directions = 1 2 .
56 lbs. more than required for a level road, or 23 per cent extra.
This added to the extra curvature of 10 per cent, raises the extra
traction to 32 per cent on this section. The cost of the moving
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;power is nearly § of the total expense, and 32x.40=14.80, say IS
per cent, the cost of transportation ever a level road; and 40.25
X.I5=6.03, or equal an increase in the length of this division, of
<6 miles.
2d division. The total ascent westward is, on the inclined
planes Nos. 1 and 2; their total length is 5,150 feet, and ascend
«t an average rate of one in twenty-eight and ihree-fourths. It is
obvious, the load moving westward will determine the expense
of power, as Chat in the opposite direction on these planes will descend by its own gravity, requiring only the expense of brakemen
to control its descent within a safe velocity, which may be done
by a part of the drivers, whose teams could be led back by others.
In moving up this ascent, a horse would require 35 per cent of his
power to overcome the gravitating force ef his body*; but as he
•would be loaded only in one direction, and the length of either plane
but little exceeding half a mile, it is believed to be a fair estimate
to compute in this case, the useful effort of his power, as equal
"what it would be on a level. We have one ton of goods and one
ton of wagon, making a gross load of 2 tons moving westward.
The total resistance up the plane, will be-173 lbs., or 5.4 times
greater than 4he load in the opposite -direction, (3 tons gross,)
would be -on a level. The two planes are together, 0.97 miles in
length. The ascent will make the extra resistance, equal 5.23
X.4=2.09 miles.
The 3d and 4th planes descend westward; their total length is
5,100 feet, and descend at an average rate of ^V-TJ* For these
planes, we must compute the .power required to ascand them with
the load moving eastward, which is 3 tons including wagon. The
horse will require 47 per cent of his power to overcome the gravitating force of 4its body up the pdane^ and though he will as in the
-case of the other planes, be loaded only in one direction, still it is
believed that 10 per cent should be taken from his average useful
effect in -ascending Nos, 3 and 4. The resistance of 3 tons up
these planes will be 344 lbs., equal 11.73 times greater than on a
level, or including the loss in the effective power of <the horse,
equal 13.13 times greater. The two planes are .96 miles x l 3 .
a3x.4=4? miles extra length of transportation. The influence of
the planes on this division, increases the moving power equal to
what would be required for 17 miles of level road, and taking the
moving power at 40 per cent of the total expense of freight, a fraction over 61 miles, entire cost of transportation.
3d division-—Ascends eastward at the average rate of 25 feet
per mile, varying from 9.76 to 52.80. The grades that have the
higher rates of ascent are short, and in view of the small amount
of labor required of the horses in the opposite direction, it will
probably not vary materially from the truth, to compute the power at th3 average rate of ascent, or ^ }T. A load eastward is 3
tons including wagons, and the resistance will be 58 lfcs., equal 2.
14 times that on a level; or for 11.25 miles, requiring extra
moving power/ equal what would be required for 12.82 miles on
a level, or equal the total expense of transportation for 56 miles.
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4vh division—Is quite of an »ndula<ting character; the ascent is
greatest in the aggregate in the direction of the greatest trader
but the grades have a less rate of ascent, than in the opposite direction. The average ascent, in the direction of the greatest
trade, will be a fair basis of computation for the section- This is
jlv, and the resistance for 3 tons, (us before,) is 40.44 Pbs, or 50
per cent greater than a level. For 16 miles the extra moving
power is equal 8 miles on a level, or equal the total cost of transportation for 3i miles nearly.
In the first division we have extra equal,....*.. ........... 6 miles,
" Second,
"
"
6* *
" Third,
"
«•
54 "
" Fourth,
•*
"
*
3* "
21*

Total length of Foad is,

•

*

71

92.12
The actual cost of transportation has been shown-to be &-96 cts.
per tonr per mile. To reduce this to our standard, we have the
cost of transportation exclusive of toll or profits,'3.05 ets." per ton
per mite, with freight as two to owe ia the different directions.
By report of superintendent, the moving "power cost 1.08 ctsper ton, per mile.
Repairs.
Year, ending October, 1838, $444 per mile.
"
••
"
1834, $321 ** "
Average, for 2 years, $382.50.
A road constructed mostly of timber will vary much in the cost
of repairs- for different years, and several are therefore necessary
to obtain a proper average.
Cost of transporting passengers per mile, 1.98 ets. as stated in
Hazard's Register of Pennsylvania, v. 15, p. 112.
Liverpool and Manchester railway.
In a statement published by Mr. Booth, the treasurer of the company, dated June 30, 1830, the expenditure up to that time, including an estimate, (the road was at this time nearly completed,) to
finish some unimportant items of work, it appears the construction
of the railway, exclusive of warehouses, wharfs, offices, engines,
wagons and other items not connected with the construction of the
road, cost £694,595 for 31 miles, equal £22,406x4.80=$l00,748
per mile. There have, subsequently, been heavy expenditures,
not embraced in the account of repairs, but we are not sufficiently
advised of their object to say, whether or not, any part of it belonged to the amount of the original construction of the road.
Repairs.
It appears from four semi-annual reports of the directors, the expense of repairs have been as follows, to wit:
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Report of July, 1832, 1st January to 30th June,... £7,331 0
"
January, 1833, 1st June to 31st D e c . . . 6,878 4
"
July, 1833, 1st January to 30th June,... 6,714 9
'•
January, 1834, 1st July to 31st Dec
6,425 14

6
3
3
8

Total for 2 years,....
£27,349 8 8
Equal, for 31 miles, 882x4.80—$4,233 per mile, which, for one
year, is equal $2,116 per mile, commencing about a year after the
road was opened for business.
A table is given of the general expenses in the six months previous to that reported in July, 1832, in which the expenses of repairs is included with some other items. This aggregate sum is
very nearly the same as reported in detail, showing there had been
no material variation in repairs for the six months previous to that
particularly reported.
Transportation.
The reports above referred to, embrace 4 semi-annual accounts
for transportation, and one tabular view of transportation for 6
months previous, from which the following table is made.
The report of July, 1832, contains a statement of transportation
for the two semi-annual terms preceding.
In the tabular account given by the directors, the maintenance
of way and rate, taxes and omnibusses are charged to transportation; but in the following tabfe these are not included, as it is the
design to exhibit the cost of transportation separate from other
expenses; these items are given in the table of directors' reports,
with others, but are separate in the general account.
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From the reports of the directors and their statement of general
accounts, it appears probable, the amount of repairs of wagons and
coaches, includes the purchase of new ones when required, to sup*
ply the place of those that fail: the interest account is supposed to
be interest on cost of locomotives, engines, coaches, wagons, &c;
there is no other item that embraces the interest on the outlay,
and it is presumed this is intended. There is a charge for carting included with other items, and from the general account would
appear to be about 6d per ton: we have not deducted this item,
for the reason it was impracticable to determine exactly what it
amounted to; and the question whether the interest account included the total interest on the outlay for the transportation department, with such allowance as would, beyond what was included in repairs, make the necessary renewals, being doubtful, we
have thought a further reason for leaving it as it is. The table
cannot however, be far from the proper expense of transportation.
For Merchandize.
The lowest cost per ton is 5s. 5d.=$l .31, or per mile,. .4.22 cts.
The highest cost per ton is 7s. 21d.=$l .72, or per mile, 5.55 "
The medium, or average of the table is 6s. l d . = $ l .46,
or per mile,
^
. . . 4.70 "
For each Passenger.
The lowest cost is Is. 75d., equal to $0,391, or per mile,1.28 cts.
The highest "
2s. 41dM "
0.56J,
"
» 1.82 "
The average"
Is. Hid., «
0.47*, < «
" 1.53 "
The table below contains the aggregates for one term of six
months later than the above table: it does not appear that transportation was lower for this term than previously, but on the contrary is confirmatory of the above average resujts; which may
therefore, be viewed as based on three years experience.
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Having ascertained the cost of transportation on the Liverpool
and Manchester railway, we now proceed to reduce the cost of
freight to our standard of comparison; a level road.
inclined plane at Liverpool
Length, 1 -12 miles; rise TV The extra cost of the transit for
moving power, taking the average from two semi-annual reports,
is 1.80 cts. per mile, 2.02 cents for the total length, per ton; equal*
for total cost oY transportation, to 0.43 of a mile, on a lev*i.
Sutton and Whiston Planes,
Are each 1 i miles long, and have an inclination of g\ or 55 feet
per mile. They incline in opposite directions, and therefore, if
the trade was equal in each direction, only one plane should b#
calculated as affecting the total transportation; as it is obvious, a
load passing in either direction, would only require additional power to ascend one plane. In the reports of the directors they give
the total freight, not distinguishing between the different directions;
and we are left to determine, from the general character of the
trade, whether any and what difference there was. It appears
that not more than } of the tonnage between the two cities passes
on the railway; awl we, therefore, are led to infer the railway
takes the lighter character of freight, which is probably about
equal in both directions; and our computation of cost is made 09
this basis.
This road being worked entirely by locomotive steam power,
except the inclined plane at Liverpool, which has stationary power, our computation is made accordingly.
In ascending the plane the resistance will be T | 7 , (friction,)-f ^ ,
(gravity,)= 5 1 T i orratio*toalevel of (3-35 to 1,) or a little more than
three and one-third to one. The power of the engine will be reduced
by its gravity, and that of its tender to 70 per cent of its power,
on a level; or to make it equal its power on a level, it must be increased to 142 per cent, which makes the cost of moving power
to ascend the plane, as compared with a level, as 4.75 to 1, or
four and three-fourths to one. The extra moving power to ascend
this plane over a level, is equal to the transit of 5.62 miles on a
level. The moving power is 26 per cent of the total transportation, exclusive of the interest account in which the items of moving power and wagons are blended; this will not be less than 4 per
cent, making the total cost of moving power at least 30 per cent.
The extra cost of the planes arc therefore equal 1.68 miles entire
transportation on a level.
The greatest inclination on any part of this railway, except the
inclined planes above mentioned, is T j y or 6 feet per mile. It is
presumed the ascent of this inclination will regulate the load of
the engines, on which the resistance will be ???+?}?=?}?,
or ratio to a level of 1.25 to 1. The power of the engine will be reduced by its gravity, and that of its tender to 97 per cent, or its
power must be increased over what would be required on a level,
say to 104 per cent, making the cost, as compared with a level, as
1.30 to 1. This will be applicable to 27 miles of road, on which
[Assem. No. 296.]
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the extra cost for moving power is equal 8.1 miles, or for entire
transportation equal 2-43 miles.
The influence of the elevations on this railway fn increasing the
cost of transportation over that of a level, is ( 4 3 + 1 - 6 8 + 2 . 4 3 =
4*54,1 a Rttte more than four and half miles of level way. The
actual average cost of transportation for 31 miles was found to he
H»7») nearly four and three-fbu*th9 cents per ton,, which,, reduced
to a level road, we find to be (4.07,) over four, cents, per tony
per mile.
An interesting faet is developed in this investigation, in relation
to the comparative cost of transportation on mcKned5 planes by stationary and by locomotive steam-engines. The plane at Liverpool is worked* by stationary steam power, and has an inclination
of T\ or 110 feet to the mile. The Whtston and Sutton planes,
worked by locomotive steam power, have an inclination of 7>T or
55 "feet in a mile, being exactly half the inclination of the Liverpool ; yet the cost of moving power on the Liverpool1 to Whrstonr
or Sutton is as 1 to 2.90; showing that locomotive power, for aw
ascent of 55 feet to the mile, is about 3 times the expense of stationary power for a plane 110 feet to the niiie, calculated for equal
horizontal distances. It should be observed, infrelation to this fact,
that economy of stationary power on inclined planes, depends materially on the amount of business. In this case it was about 509
tons per dayBaltimore met Washington Rail-road.
This road commences a at point in the Baltimore and Ohio railroad, about 6 miles from Baltimore, and extends 30 miles to the
city ol Washington. Its operations are conducted by the Baltimore and Ohio company. In their report of October, 1833, they
Mate the estimated cost at a little over $53,000 per mite, for 2&
miles. The estimate for the whole 30 miles is given at $50,000
per mile, in a report on canals and rail-roads, as presented, 25th
June, 1834, to the House of Representatives in Congress. In their
report of October, 1834, the directors say the graduation and masonryr (the part of the expenditures liable to the principal contingencies,) ig nearly completed; they make no allusion to the probability of the work cos-ting more or less than the estimate; and as
it would be natural to do so, if any important disagreement was
probable, it is inferred the road would cost the estimated sum; and
being so near completed we have thought it proper to put it in the
table. This road has iron rails on stone foundation, except the
embankments, which have timber foundation.
Columbia Rail-road.
This rail-road is 82 miles long, and per last report of Pennsylvania commissioners, the road has cost, including an estimate for
an unimportant amount of unfinished work, $40,450, per mile. It
has mostly iron rails, partly on stone and partly on .timber foundation.
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Allegany Portage Rail-road.
This rail-road is 36 miles long, and per report of Pennsylvania
•commissioners, has cost, including a small estimate for unfinished
work, $47,977, per mile. It has iron rails for a fraction over
two-thirds its length, about half of which are on stone foundation,
and the balance on timber; nearly one-third is timber road with
iron plates.
Mohawk and Hudson Rail-read.
The main stem of this road is 16 miles in Length, It has timber
rails with iron plates, about half of which are on a stone foundation, and the other half on timber. Cost per mile of double road,
#38,107, per company books. (They have also about 3£ miies of
single road in branches that cost $15,847 per mile.)
Actual cost of transportation for freight by locomotive and stationary steam, 3.5 cents per ton per mile. All the ascent for the
greatest trade, (being as 3 to 1,) is overcome by one stationary
•engine, which does not materially enhance the ratio of cost over
a level, taking the whole road. Experience has been quite limited
•on this road, and considering that the ratio of trade in different directions, in connection with the facility of overcoming the principal elevation by stationary power, would not materially increase
the cost of transportation over a level, it has not been thought important to reduce, it by computation. The cost of transporting
passengers has been 1.7 cents per mile.
Saratoga and Schenectady Rail-road.
This rail-road is 22 miles long. It is constructed with a timber
rail, capped with an iron plate on timber foundation, except about
three miles that has a light stone foundation. This road has a
single track; it cost, per report of directors, November, 1832,
$11,010 per mile, exclusive of building, &c.; to make a second
track of the same character, would cost $6,000, malting the total
cost for double road $17,010 per mile.
Delaware and Hudson Canal Company Rail-road,
Is 16 miles long, has 5 mile of double and 11 miles of single
track. The valleys on this road were generally bridged with timber. The road is timber with an iron plate. It cost originally,
including stationary engines, about $10,500 per mile, (the exact
amount not known.) To have made it double, would have.raised
the expense to $14,000 per mile; average annual repairs for four
years is $623 per mile. Transportation when the business is at
250 tons per day, is 4 cents per ton per mile, and when 500 tons
per day, is 3 cents per ton per mile. This arises mostly from the
cost of operating the planes, which is nearly the same in both
cases.
The ascent of this road (855 feet) is overcome by five stationary steam engines, working on planes whose total length is 2}
miles. The cost of motive power fof 500 tons per day, averages
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essentially the same as it doea for horse power on a hve\ having:
the same in horizontal iengttu From the summit the principal
descent is effected by three self-acting engines, so arranged that
the loaded wagons draw up the empty ones i and the balance of
the declivity is advantageously arranged for a descending tradeThe economy in the use of stationary steam power, arising from
the cheapness of fuel, and the great regularity which may be obtained in a coal business, and the comparatively small amount of
agencies to. conduct the business, leave 00 doubt on our minds, that
transportation is effected on this road as cheap per ton pet mile as*
a general business could be on a level road*
New-Castle and Frenchtown Rail-roadr
Is 16 miles long; timber rail* capped with iron plate, about onethird on light stone foundation and the remainder on timber; cost
$30^000 per mite, (see report of committee on roads and canals to
Congress, January 25th, 1834.)
Camden and JLmboy Rail-road.
The part extending from- Am boy to Bordentown is 33 miles in
length, is believed to be entire iron rail, partly on stone and partly
on timber foundation; cost (as per congressional report above
mentioned) 30,000 per mile.
South Carolina Rail-roady
Is 130 miles long; timber rail capped with an iron plate. This
road is built on piles; no embankments made in the grading; cost
about $7,000 per mite. It is not known whether it is a single or
a double road, but believed to be mostly single track.
There are several important rail-roads m the United States,
which we should have been gratified to have added to those above
given. But we have not the information in relation to them, that
would enable us to derive any practical advantage. There are
others that we have not thought proper to introduce in a question
that relates to the general utility of rail-roads as public thoroughfares: they are roads made mostly for local objects, or for short distances, where the surface of the ground is nearly level, and the;
road made to conform nearly to the natural level1 or inclination, and
very little expense incurred to remove those irregularities in the
surface, which in a road of any considerable length and importance, are generally encountered to obtain an economical grade:
and the superstructure of such roads are usually made in an imperfect manner, not calculated to serve the purpose of accommodating an important general trade.
In the roads described, it is believed a fair view may be obtained
of the general question of cost. In their graduation some have
been of an expensive character, to wit: The Baltimore and Washington, Allegany Portage, the Columbia, Mohawk and Hudson,
and a part of the Baltimore and Ohio, though on the average the
latter cannot be much above a medium: the Camden and Amboy,
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and the New-Castle and French town rather below a medium, ancf
the Saratoga as very favorable. The South Carolina road having
been placed on piles, excavation has been avoided as much as possible, and embankments omitted altogether, by which the expense
of grading has been very little. The general character of the
superstructure has been stated; and their rails, or the foundation
of the rails appears to be, to a great extent of timber.
The superstruction of rail-roads when composed of timber with
the rail capped with an iron plate will cost, for a double track,
from $G,000 to $10,000 per mile, according to the value of timber
and the stability given to the road; (this is exclusive of grading.)
The cost on the Baltimore and Ohio, for this kind of road* was
$8,852 per mile. When composed of iron rails, laid on stone
foundations, the cost will vary from $18,000 to $25,000, according
to the convenience in obtaining stone, the extent of the ballasting,
and the weight of rail that may be adopted; the probable average
may be $22,000 per mile. The difference then, between a medium of the two kinds, is $14,000 per mile. To have adopted the
iron rail on a stone foundation in the roads mentioned, would have
have materially increased their average cost. But in the first construction, it is usual, even when iron rails are adopted, to put
down a timber foundation to support them on the embankments,
until the embankments have time to become fully settled.
The first rail-ways in England, were constructed of timber
without any iron. The timber being found to wear too rapidly
under the wheel, the iron plate was then put on. From this rude
beginning in rail-roads, their advantages began to be developed;
and experience soon sugested improvements. Hence we find the
wooden rail soon abandoned, even in the coal districts. Cast iron
rails on a stone foundation followed timber; and now wrought
iron is generally used in preference to cast iron, These remarks
are introduced to show the result of experience in England. In
this country, timber will doubtless be used to a greater extent,
and for a longer period, than it was in England. The cheapness
of timber, the want of capital, and the limited amount of business
in many places, will operate as causes to produce this result. We
already observe, however, in this country, a departure from the
use of timber rails on several important rail roads. Among those
who have critically attended to this subject, there is probably very
little difference of opinion, in regard to the most suitable material
for rails and their foundation, when an extensive business may be
anticipated, and particularly where a high velocity is an object.
The Baltimore and Ohio Rail-Road Company, after an experience
of several years with timber rails, have come to the following
conclusion, as appears in their last annual report: "In the construction of the Washington road, the board have had regard to its
durability, not less than to making it a source of immediate profit
to those interested in the undertaking. The experience of the
main stem, has Conclusively shown, how important it is, to avoid
the expense of repairs of the rail-way, which not only materially
affect the revenue, but occasion censtant Hriterrvptum and inconve-
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nicnce to the travel on the road. True economy consists in constructing the road, in the first instance, so as to obviate the necessity of frequent repairs, and to enable the motive power used in
transportation, to be employed to its fullest effect, without the fear
of injury to the rails or bridges over which it passes in the performance of its daily work."
Timber is found to be less durable in a rail-road than in almost
any other situation. The action of the carriages tend to open the
pores of the timber, which renders them more liable to imbibe
moisture; all horizontal joints are much exposed under this action,
and particularly that under the rail plate. There is, no doubt,
situations where timber may be advantageously adopted. The
cheapness of this article, the scarcity of stone for foundations, the
scarcity of capital, limited extent of business, and the experimental
character of the particular investment, will often present arguments in favor of its adoption. At the same time, we are fully of
the opinion, that all rail-roads, which constitute important avenues
of communication, the period is not distant when timber rails will
be wholly abandoned for iron.
The question in relation to the average cost of rail-roads, it will
be difficult to determine, as the graduation will be very different
at*different places. The table given, of the cost of several railroads, excluding the Liverpool and Manchester, would afford an
average of $30,393 per mile. Had all these roads been constructed entirely with iron rails and stone foundations, their average
cost would probably have been between $35,000 and $40,000 per
mile. Taking all the rail-roads, designed to accommodate a large
general trade, that have been constructed in this country, and add
to their expense what would be required to complete an iron rail
with stone foundations, we believe the cost for a double road would
not fall below $35,000 per mile; and to reduce the same to a timber road of the best character, would not be less than $25,000 per
mile. The grading in both cases, is supposed to be done in a permanent manner. We are aware of the fact, that rail-roads, in
some instances, have been made for much less; but for the reasons
before given, we do not believe them entitled to a place in this examination, which is designed to investigate the utility of rail-roads
as a means of general intercommunication of trade. There is no
doubt, many situations where the favorable formation of the country, and the facilities for obtaining materials, will reduce the cost
below the amount stated above, and a less expensive road may be
sufficient for the trade to be accommodated. But there will be
others that will be more expensive, as experience has fully demonstrated; and our object is to reach an average result for the accommodation of a general trade, where expedition, regularity and
economy in the moving power will be important. It should be observed in relation to this question, that the cost of a rail-road will
depend materially on the amount of tonnage, and the speed it is
necessary to maintain. This arises from the economy of motive
power; for instance, where a small amount of business is to be accommodated, it will be economy to apply greater motive power,
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and avoid expensive graduation; on the other hand a large amount
of trade, will induce greater expense in bringing the lines of
graduation to the most favorable standard for economising this
power.
Remarks in relation to repairs on Rail-roads.
Experience on this point is yet quite limited. We have the ac«
count of two years on the Baltimore and Ohio road, four years
on the Delaware and Hudson company road, and four semi-annual statements of the Liverpool and Manchester road. We have
also, in relation to the latter, a general statement of the half year
preceding and the half year subsequent to the four full reports,
from which we are led to infer that no material variation occurred for three years. The average of the three roads is $1,040
per mile per annum.
There is a great difference in the annual expense of repairs for
these roads, which suggest the propriety of examining into the cause.
TThe moving power on the Baltimore and Ohio, and also on the
Delaware and Hudson company's road, admitted for freight, only
a moderate speed, probably seldom exceeding 4 miles per hour,
and nearly the same amount of tonnage was conveyed on each:
on the latter, no passengers are carried; on the former, the passengers constitute about half ihe business.
The Baltimore and Ohio road has less timber in its structure,
though it has a large majority of timber road. The Delaware
and Hudson Company road is about f single track, and considering the passenger business has not over half the use, and still itsr
repairs are more than 50 per cent higher. Two years with a moderate amount of trade, on a timber road, would not give a fair
average of the cost of repairs, and the condition of the two roads
at the end of the year, in regard to the age and durability of their
timber, may be very different. We are, therefore, led to conclude that further experience will show the repairs on the Baltimore and Ohio road, as the business increases, to be greater than
they have hitherto been.
The Liverpool and Manchester road has cost over five times as
much for repairs as Baltimore and Ohio, and over three times as
much as the Delaware and Hudson Company road. The Liverpool road was made in the most substantial manner, with very little curvature. The Baltimore road is very much curved, which
increases the expense of maintaining the parallelism of the rails.
The statement of. the cost of repairs and maintenance by the directors of the Liverpool road is very explicit, and continued for
successive terms with very-little variation; leaving no ground to
misunderstand the subject. The amount of business on the Liverpool has been from three to four times as great, as on the Baltimore for equal terms of time; and the velocity of travelling both
with freight and passengers, has been also much greater on the
former than on the latter. In view of all the facts we have obtained, we are led to the conclusion, that the amount of business,
and the velocity of travelling, has a material influence on the
question of repairs. In the last report, the directors of the Liverpool road, they allude to the expense of maintaining their road on
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the Whiston and Sutton planes, in consequence of the high velocity which the engines and wagons often obtain in their descent;
and propose to lay heavier rails to guard against this inconvenince.
In a report recently made to the directors of the London and Bermingham rail-way, by R. Stephenson, (late engineer of the Liverpool road,) on the propriety of adopting the undulating plan; he
urges, as an objection to this plan; the injurious tendency of the
high velocities obtained in the descents, to the road and particularly to the locomotive engine, as a reason that he considers conclusive against it.
The repairs of a rail-road composed mostly of timber will generally be much less for two or three years after it is put into operation, than the average for a term of ten or fifteen years. Our experience is limited in this branch of the investigation, but from the
facts we have obtained, we are led to the conclusion, that the average expense of repairs for a road, designed to accommodate a
large genera! trade requiring a high velocity, will not be less than
that stated as the average of these roads, viz: $1,040 per mile per
annum.
Transportation on Rail-roads.
The cost of transportation (reduced to a level road,) on the Baltimore road, we have found to be 3.05 cents per ton per mile, and
4.07 cents per ton per mile on the Liverpool road. In the former
case, it is done by horse power, in the latter, by locomotive (except on one plane,) steam power. The ratio of cost of motive
power to the entire cost of transportation is for the Baltimore road
as 4 to 10; and for the Liverpool road, as 3 to 10. It, therefore,
appears, that the Liverpool road, with 10 per cent less ratio in
cost of motive power, (wKich makes the motive power nearly
equal on the two roads,) cost one-third more for entire expense of
transportation. If our accounts can be relied on as presenting accurate results, it would appear highly probable the extra expense
in repairs and management of the business, was incurred in consequence of the greater speed maintained. Some abatement should
doubtless be made, for the ratio of difference in expense of loading and unloading, which, in consequence of its being shorter,
would bear heavier on the Liverpool road, than on the Baltimore.
The accounts for the Liverpool transportation are presented in
much detail, and are very satisfactory in their character. Those
for the Baltimore road are not given in as much fulness and detail,
but we have no reason to doubt their accuracy. It further appears, that horse power is a little more expensive for motive power, at a low velocity, than locomotive steam, at a high velocity,
as compared for the two roads. But this would not be the case if
the power was reversed for the two roads, as the short ascents on
the Baltimore road would greatly depress the economy of steam
power. The average cost of transportation on these two roads,
when reduced to a level, is 3.56 cents per ton per mile. This allows no profit or toll; the cost stated for the Mohawk and Hudson
road is 3.5, and for the Delaware and Hudson Company's road is al-
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so 3.5 cents per ton per mile, as the nett cost. It may, therefore,
be considered that experience thus far has settled the cost at 31
cents per ton per miJe, on a level road.
It has been shown in this investigation, that where locomotive
steam power is used, it is important to its economy, to have all the
inclination reduced to a uniform angle, and the curves to a uniform
radius, otherwise the traction that occurs on the sharpest curves,
and greatest ascents, will determine the load of the engine. It is
obvious that the load of the engine must be regulated by its ability
to overcome the greatest resistance that occurs on the road over
which it passes, unless extra power is stationed on the line to aid
in passing ascents: the inconvenience of stationary power would
prevent a resort to this method, unless the increased power required, was considerably greater than was generally necessary on
the route travelled. This consideration is highly important where
a large genera! trade is to be accommodated, and accounts for the
great expense that is often encountered to bring the grade to the
most favorable standard.
The cost has been shown to be 3$ cents per ton per mile on a
level, and as rail-roads are not often entirely level, it has been
thought proper to a full understanding of the subject, to present a
statement, showing the comparative economy in motive power, by
locomotive steam engines on roads of different inclinations. In the
calculations, the engine is assumed to weigh 6£ tons (13,000 lbs.,)
with 7,000 lb. on its working wheels; adhesion at 10; the weight
of the tender at 7,000 Ib.; resistance from friction ^ . The load
carried is exclusive of the tender, and includes freight and wagons. Two-thirds of the gross load will be tonnage goods.
On a level the gross load will be,
.
75.25 tons
On a road or section having an ascent of 10 ft. pec mile, 49.53 "
"
"
20
"
37.35 "
"
**
30
"
27.24 "
"
"
40
"
20.22 "
"
"
50
"
17 04 "
"
"
60
"
13.92 "
"
*'
70
«
11.31 "
In the load on a level, we have 50 tons exclusive of wagons,
taking the cost of motive power at 40 per cent of the
entire cost of
transportation; the total cost at the level being 3T57 cents.
The total cost on an ascent of 10 feet per mile is per ton, 4 20 cts.
«
"
20
"
4.90 "
"
"
30
"
5.95 "
"
40
"
7.28 *•"
50
"
8.19
"
"
"
60
"
9.66 "
"
"
70
"
11.41 "
There are engines of a larger size than the one assumed; but it
is the most approved at this time, in reference to the weight of
engine, and the weight of the working wheels. This however is
[Assem. No. 296.
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unimportant, as the comparison will'not* be at all affected by varying the power of the engine:; the ratio between a level and the?
ascents will remain the same notwithstanding.^

COSTS OF CANALS.We subjoin as table marked' A, containing the cost of 50 canals
in England: this table gives the name of each eanal^ the total cost
m pounds sterling, cost per miler length of each canar in milesr
lockage in feet, date of completion, original cost for each share,,
and the value and-dividend of each share in 1821, in March 1828,,
in November, 1831, in £83% and- on the 21st of October, IS34Forty-five of these canals, being the most important in England,,
nave an aggregate length of 1,464 miles. We also subjoin- a table
of the principal raif-ways, only one,'however, of those which arecompleted and in operation, (the Liverpool and Manchester,) is;
calculated for general trade.
In table B, we give a view of the principal canals in this country, it contains all the particulars that we were able to obtain of
40 canals, principally in the northern and middle States^ It has
the names of the canals, the length of the main trunk and feeders,,
depth of water, width of surface, number of locks, their length and
width, and the aggregate lockage on the canals and feeders, number of dams, date of completion, cost per mile, total cost and the
tolls for eachr for the years 1833 and 1834.
The information contained in the tables for the canals of this
State, was obtained from pubMc records and from documents in the
Comptroller's office. That for the Pennsylvania and the other
canals, were taken principally from the official reports, and from*
information derived from the officers having charge of these canal
respectively; we have also been assisted in the inquiries by private
records and memorandums in our possession.
The Erie canal extends from the Hudson river at Albany to Lake
Erie;: i» 363 miles long and has 689 feet of lockage; the canal is
40 feet wide on the surface, 28 feet wide at the bottom and four
feet_deep. The locks arc 90 feet long, between the gates, 15 feet
wideband built prinipally,of lime stone, laid in hydraulic eementr
with the front stone cut and laid in courses. Although there is a
small amount of elevation, compared with the distance, being but
I T% feet of lockage per mile, there are a few places that presented
formidable difficulties in the construction: a part of the distance
between the Hudson and Schenectady; the rock excavation at
Little-Falls and the deep cutting in the mountain ridge west ofj
Lockport.
The Champlain canal is the same dimensions as the Erie canal^
the locks are constructed in the same manner, exeept they are
feet longer, and one foot less width. This canal is 64 miles long,
and extends from the junction 9 miles north of Albany to Lake
Champlain. The summit is supplied with water from the For}
Edward pond, and by a navigable feeder from the Hudson river,!
taken out above Glen's-Falls.
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The GlenVFalls feeder is U miles long, and with the pond,
makes a navigation of 12 miles in 'length; there is a descent of 132
Ceet by 13 wood locks.
The Oswego canal is ^constructed similar to the Erie canal, but
4ias nearly one half river navigation. The 4ocks are of the same
dimensions and quality, except one, which is biailt of wood.
This canal extends from the Erie canal at Syracuse to Lake
Ontario.
The Cayuga and Seneca canal is, with the Cayuga branch, 23
miles long, connects the Erie canal at Montezuma with Seneca
Sake at Geneva, one half of which is river navigation, It has 11
wood locks that overcome an elevation of 80 feet. The dimensions of the canal and locks are similar to those on the Erie canal.
The Crooked Lake canal is 8 miles Jong, connects the Crooked
and Seneca lakes and has 269 feei of lockage; this, although the
locks are of wood, is the most expensive of the State canals; the
iarge expenditure is accounted for by the great elevation overcome,
:and by the difficulties in construction in the narrow rocky valley of
<he outlet.
The Chemimg canal extends from the «ead of the Seneca lake
to the Chenaung river: it is 23 miles long, and the summit is supplied by a feeder of 13 J miles in length, from the Chenaung river,
«t the Chimney Narrows in Steuben county. This canal and
feeder, (as also the Crooked Lake canal,) is 42 feet wide on the
surface, 26 feet wide on the bottom, and four feet deep; the locks
«re of wood, connected with the upper level by a wall of masonry
at the head. The length of navigation, including 21 miles o£ pond
in the ChernuBg river above the feeder dam, is 39 miles, with %
lockage of 513 feet, and is the cheapest of the State canals.
The Erie canal cost......
,-. $19,255 49 per mile.
Charaplain, ,„,
„
15,520 95
"
Oswego,
14,875 93 •«
Cayuga and S e n e c a . . . . . . . . . 10,295 85
"
Crooked Lake
19,597 11
"
Chemung ..
8,504 96
"
The aggregate cost of the six State canals, paid by the Canal
Commissioners for their construction tip to the time when they
were completed, for the 558 miles of navigation, is $9,692,106.68,
feeing an average cost of $17,367.57 per mile.
The Delaware and Hudson canal extends from the Hadson
fiver, near Kingston, to Honesdale on the Lackawaxen river, in
the State of Pennsylvania. This canal is 108 miles long, 36 feet
•wide on the surface of the water, and four feet deep. The locks
are 76 feet long, nine feet wide in the chamber, 110 in number and
overcome an elevation of 1,073 feet: 60 of the locks are of hammered stone raasonry, and 50 are composite, of stone and wood.
There was some formidable rock excavation in the valley of the
Delaware and Lackawaxen rivers, which increased the expense of
construction. The average cost of this canal was $20,665 per
mile.
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Pennsylvania Canals.
The Pennsylvania State canals are divided into & divisions, and
they have an aggregaie length of 601 h miles. The main line of
these canals fora* a communicntion in connection with the Columbia
and the Portage rail-roads, between Philadelphia and Pittsburgh.
Between these places there are 282 miles of canals and 119 miles
of railway.
The Delaware division extends from Bristol to Easton, 591
miles; and in the valley of the Susquehannah, including the west
and north branch, there are 183 miles of canal, besides the Beaver and French creelk divisions, west of the mountains. These
State canals have 1,933 feet of lockage, and their total cost is
813,301,235.69, or au average of $22,113.44 per mite.
Beside the State improvements there are three important canals
in Pennsylvania owned by corporations, viz: The Schuylkill, the
Lehigh and the Union canals.
The Schuylkill canal extends from the city of Philadelphia up
the river of that name, 108 miles, to the v.oa! district. This work
has 62 miles of canal and 46 miles of pools, formed by 28 dams
across the Schuylkill river. There are 92 lift and 28 guard locks,
and the total lockage is 588 feet. This canal was completed in
1825, and the business upon it has increased so rapidly that it has
been necessary, and the directors are now constructing double
locks to accommodate the trade. At its completion (in 1825,) the
canal cost $16,741.26 per mile
The Lehigh canal was constructed principally for the transportation of coal, and extends from Mauch Chunk to Easton on the
Delaware river, 461 miles. This canal is 60 feet wide on the surface and 5 feet deep; the locks are 100 feet long (except 4, which
are 130,) and 22 feet wide in the chamber; and its large dimensions has, doubtless, added much to its cost.
-Coal that is brought from the Lehigh mines down this canal,
may be sent to Philadelphia by the Delaware canal, or to NewYork through tho Morris or the Delaware ai:d Raritan canalsThis canal cost $33,610.75 per mile.
The Union canal connects the Schuylkill and Susquehannah rivers; this, although a small canal, 36 feet wide on the surface of*
the water, and 4 feet deep, has been expensive in construction.
Connected with this canal is a feeder of 24 miles in length, to supply its summit level. This fweder is navigable, and a rail-road of
4 miles in length extends to the coal mines. A large expenditure
has been incurred to construct reservoirs, 3 feeders, and for the
use of two steam engines, of 100 hundred horse-power each, to
supply the summit level with water, and for several miles the sides
and bottom of the canal have been planked, to prevent leaks in
the lime-stone districts. This canal cost $18,518.51 per mile.
The three canals have 1,452 feet of lockage, and cost $5,354,*
151.13, and the average cost of the 2621 miles is $20,377.36 yer
mile.
The State of Ohio completed their canal, from Lake Erie to
the Ohio river, in 1832, which, together with the Miami canal and
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feeders, make an aggregate of 400 miles of navigation. The total amount of lockage is 1,557 feet; the locks, 184 in number, are
constructed of cut stone laid in hydraulic cement; and the total
cost of the canals and appendages, as appears in the Canal Commissioners report of 1833, is $4,189,539.64, or an average of
$10,473.84 per mile.
The Chesapeake and Ohio canal will form a communication from
the city of Washington, 342 miles in length, to Pittsburgh. That
portion nearly completed and navigable extends from Tiber creek,
in Washington city, 109 miles to a point 8 miles west of Williamsport. This canal varies from 5 to 7 feet in depth, and from 50 to
80 feet in width; the ascent is 353 feet, overcome by 44 lift locks
100 feet long by 15 feet wide in the clear, constructed of cut stone
masonry laid in hydraulic cement.
This canal is situated in the valley of the Potomac; it is of large
dimensions and formidable difficulties have been encountered in its
construction. The amount expended and required to complete
109 miles is $4,164,732.04, or an average cost of $37,291.12 per
mile.
There are five canals in New-England, having an aggregate of
170J miles in length, with 1,363T6T feet of lockage, constructed by
private corporations at an expense of $2,187,000, or an average
of $12,838.71 per mile. The Blackstone canal between Worcester and Providence, of 45 miles long, has 48 locks of cut granite,
laid in cement; the other four canals have wood locks.
Three of the canals embraced in the tables are of large dimensions, and were constructed of suitable capacity for the navigation
of coasting vessels.
These canals connect the great bays of the Atlantic, as follows,
viz: The Dismal Swamp, between Albemarle sound and the Chesapeake bay; the Delaware and Chesapeake canal, across the peninsula between those bays; and the Delaware and Raritan forms a
channel for coasting vessels between Philadelphia and New-York.
The-above, with a canal between Barnstable and Buzzard's bays,
were originally designed as the four great cuts to connect and
form a continuous inland coasting navigation from Boston Harbor
to the bays of North Carolina. One of these canals, the Delaware and Chesapeake, was attended with peculiar difficulties in its
construction, but neither are considered as proper for a standard
of comparison.
The following table exhibits the length, lockage, and cost of
some of the principal canals:
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By the preceding table it appears that 27 of the principal canals
of this country, having an aggregate length of 2,210 miles, with
9,748 feet of lockage, embracing many difficulties, and constructed in nine of the United States, in a great variety of locations,
have cost $41,122,585,18, or an average of $18,608.41 per mile.
Repairs of Canals.
It appears from the report of the Comptroller, Assembly Document, No. 216, of 1835, that the repairs of the State canals, including salaries of superintendents and lock-tenders, have been'
for the last year as follows, viz:
For the Erie canal, including 14 miles of the
Champlain, and the sloop-lock at Troy, $883 78 pr mile.
Erie and Champlain canal,
1,005 03 "
Oswego canal,
320 63 "
Cayuga and Seneca canal,
401 46 "
The repairs for the last 3 years, ending September 30, 1834,
have been, annually,
For the Erie and Champlain canal,
$826 13 pr mile.
Oawego canal,
313 13 "
Cayuga and Seneca canal,
339 88 "
And for the last 6 years, from 1829 to 1834, both years inclusive, ending on the 30th September* the repairs have been, annually,
For the Erie canal,
$603 76 pr mile.
Champlain canal,
68101 "
Oswego canal,
309 19 "
Cayuga and Seneca canal,
301 07- "
In the Document before alluded to, there is a division of the
cost of repairs upon the Erie canal, stated separately, and the
amount for the last year is,
For 159 miles, from Buffalo to Montezuma,.. $600 47 pr mile.
73 "
from Montezuma to 7 miles
west of Rome,
660 34 "
146 "
from 7 miles west of Rome to
Albany, including 14 miles
on the Champlain and the
Troy dam and lock,
1,304 04 "
The repairs of the Erie canal in 1829 averaged $493 12 per mile.
"
"
"
1834
"
883 78
"
Being an average in the cost of repairs, of 79 per cent.
The lockages at the first lock west of Schenectady—
Inl829were,
12,619
In 1834 were,
22,911
An increase of 80 per cent.
The last results, as do also the comparisons of former years, indicate that the expense of the repairs of the Erie canal increases
in nearly the same ratio as the business.
The repairs on the Delaware and Hudson canal, for the last 4
years, ending Dec. 31, 1834, was an average of $527 per mile;
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and for the year 1833, including the salary of superintendents and
lock-tenders, on the Schuylkill canal, was $710.44 per mile.
Cost of transportation on Canals.
In this inquiry we have selected three canals that have a large
amount of business and those that have their prices well established.
The Erie canal, and the Delaware and Hudson canal in this
State, and the Schuylkill in Pennsylvania. We arc not able to
give the items that compose the cost of freighting upon canals,
with the same certainty as that expense has been reported by the
Liverpool and Manchester, and the Baltimore and Ohio Rail Road
companies; but we assume the prices, paid on canals for down
freight, upon articles of the greatest tonnage.
The Schuylkill canal in 1833, had 361,054 tons of down freight,
of which 250,558 was coal from the mines; and the up freight,
consisting of merchandize, plaster, iron ore,. &c, amounted to 84,795 tons. The price for the transportation of coal, is one cent
per ton per mile, exclusive of tolls.
The Delaware and Hudson Canal Company, in 1833, sent to
market from the "mines, 111,777 tons of coal, and the merchandize
up, amounted to 9,700 tons. In 1834, the coal sent to the Hudson
river, was 45,000 tons. The established price of transportation,
was $1.12} per ton; of 2,240 pounds of coal for 108 miles by this
canal, from Honesdale to the Hudson river, equal 1.041 cts. per
ton per mile.
The property arriving at tide water, by the Erie and Champlain
canals, in 1834, as appear from official statements,
Was equal to,
553,825 tons.
Passing from tide water,
114,608 "
Making an aggregate of
668,433 "
The proportion of down freight or property going to market, is
to merchandize or tonnage going from tide water, as4 T W to 1, or
as 5 to 1 nearly.
The cheapest prices of freight on the Erie canal, are paid for
staves, timber, wood, stone, lime, plaster and salt; the highest
charges are for merchandize. We put down the rates, exclusive
of tolls, as charged by the different forwarding lines, although
goods are frequently taken up the canal by boats unconnected with
the lines, at about half those rates; this higher price is intended,
besides the cost of freighting, to pay for the risk to which the
forwarding merchant is liable as a common carrier.
During the season of navigation last year, there was brought
down the canals, 32,670 tons of staves, and we are informed, that
the average price of transportation of this article, has been $2 per
ton for the last 6 years, from Tonnawanta to Albany, exclusive
of tolls. The distance is 352 miles by the canal, and this would
give only TV? of a cent per ton per mile.
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There was also sent down—
1 SI .016 tons of boards and scantling, at TY* of a cent bcr toil©*
06,643 «• of wood,
«'
at T W
"
"
$3,894 " salt, to Buffalo passing Utiea, at rVtf "
«
M
^ 0 , 3 7 2 " merchandize,
at3^
'<
"
Making an average of the above prices, of jy ¥ of a cent per mile
for a ton of 2,009 pounds.
Flour is a large item of the down freight; there is about 120,000 tons sent to market annually, and this, together with provisions,
may be taken as a standard of comparison.
Flour has been carried frtfm Rochester to Albany, 269 miles, by
transient boats, as low as 18 or 20 cts. per barrel, exclusive of tolls;
we are informed, however, that contracts for freight to a large
amount, have been made by millers at Rochester, with the established lines of forwarding merchants, for the ensuing year, at 24
cents per barrel, from the first of June to the first of October; before and after those periods, at 30 cents per barrel for flour, exclu*
sive of tolls.
For this comparison we will take an average between these two
prices, which is 27 cents per barrel, and this is believed to be about
the average price paid for freight on the whole tonnage of the Erie
canal during the season of navigation.
At the above rates the price's of transportation on the three canals, exclusive of tolls, would be, for a ton of 2,240 pounds, as follows, viz:
On the Erie c a n a l , . . . « . . . . . . . . 1.04 cents per ton per mile,
On the Delaware and Hudson,. * 1.041
"
«
"
Schuylkill,
1.00
"
"
«
or an average of a little over one cent per ton per mile, on the
three canals.
For a more perfect comparison of the cost of transportation,
we will reduce these canals to, a level, by an allowance of 20 feet
of lockage on the Erie and Schuylkill, as equal to a mile of distance, and in consequence of the less crowded navigation, of 30
feet to the mile on the Delaware and Hudson canal.
The distance on the Erie canal from Rochester to Albany, is
260 miles and the lockage 626 feet, and reduced to a level would
be equal to 300 T \ miles.
The Schuylkill canal is 108 miles long, and 588 feet of lockage,
and reduced to a level in the above mentioned ratio, is equal to
137T%- miles.
The Delaware and Hudson is 108 miles long, and has 1,073 feet
of lockage, and is equal to 135TR- miles of level canal.
On a level canal, the prices of freight would be for the
Erie canal,.... . . . . . .
-///* °f a c e n t P e r t o n per mile,
Schuylkill,
"
"
"
TVV*
Delaware and Hudson,....
^y/,
"
"
and the average price of the three canals would be, without toll,
or a
little less than T% of a cent per ton per mile.
[Assem. No. 301.]
5
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In Hazard's Register, vol. 15, page 112. it is stated that the Leghi the Delaware, and Delaware and Raritan canals paid last
year T F of a cent per ton per mile, for the transportation of 105,000 tons of coal; the contractor finding every thing, except paying
the tolls.
GENERAL REMARKS.
Having presented such facts as are within our knowledge, with
the circumstances connected with them; together with such explanations of principles, as appeared to us necessary to a correct understanding of the subject in its practical character, we have net
thought it would aid in the object of inquiry, to attempt any precise ratio of comparative cost of construction or repairs, between
canals and rail-roads: the reason for this is to be found in the obvious modification to which any ratio must be exposed, in the varied local circumstances that will be encountered in the progress of
improvements of this character, and whose tendency would render any ratio of little or no practical value. We, therefore, refer
to the several statements, and particularly the tabular views, for
information, which we believe when applied to any known case,
will afford some useful hints in regard to the relative merits of the
two different modes of facilitating internal communication. We
may, however, be permitted to state, what appears conclusive
from the facts presented, that canals, on the average, have thus
far, cost less than rail-roads, both in their construction and repairs.
In regard to their rejative merits as affording the means of transportation, there is less difficulty in reaching an approximate ratio.
In reducing them both to a level, we attain for general purposes,
a fair standard of comparison. Taking the facts we have obtained as a basis, we find the relative cost of conveyance is, as 4.375
to 1, a little over four and one-third to one, in favor of canals:
this is exclusive of tolls or profits. If the cost of construction, the
annual cost for repairs, and the amount of tonnage were the same
on a canal as on a rail-road, then the same rate of toll would produce the same rate of profit on each. Our examinations have
shown, as before stated, that rail-roads in the average, cost more
than canals, both in their construction and repairs. But for comparison, we assume a case in which they are equal, and charge the
same toll. The average tolls on the Erie canal are less than one
cent per ton per mile: assuming an average toll of one cent per
ton per mile, the ratio of the entire cost of transportation and toll
is, as (2.5 to 1,) two and ahalf to one, in favor of canals. In
the preceding computations, the cost of transportation on railroads is the nettcost, as reported by rail-road companies, allowing
no profit on this business, while the charges on the canals is at
contract prices, which are supposed to yield a profit to the carrier.
The cost of transportation on canals, as previously stated, is the
average on the Erie canal, the Delaware and Hudson canal, and
the Schuylkill canal; on the two latter, the cost of transporting
coal only is known; and the total average of the three canals is
almost exactly the same as the average price for the several differ-
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ent articles transported on the Erie canal. The preceding calculations are confined to a velocity not much exceeding 50 or 60
miles in 24 hours. We have not instituted any investigation to
show the relative economy in high and low velocities. For the
conveyance of freight, we are of the opinion, canals are not well
adapted to any material increase of speed beyond 3 miles per hour;
and as the speed on half of the rail-roads embraced in this computation, is from 10 to 15 miles per hour, we may consider this comparison as nearly similar to one of hi^h velocity on rail-roads, and
low velocity on canals. And goods that can afford to pay the difference above indicated, for the saving of time, would hold the
two kinds of conveyance in equilibrium. The amount that would
find so great an object in the saving of time, in comparison to
the total quantity requiring transportation, it is believed would be
small. In relation to the conveyance of passengers, the saving of
time is highly important, and the rail-road becomes eminently the
superior method of communication. We are therefore led to the
conclusion, that in regard to the cost of construction and maintenance, and also in reference to the expense of conveyance at moderate velocities, canals are clearly the most advantageous means
of communication. On the other hand, where high velocities are
required, as for the conveyance of passengers, and under some circumstances of competition, for light goods of great value, in proportion to their weight, the preference would be given to a railroad.
It may bo observed in favor of rail-roads, that they admit of advantageous use in districts where canals, for the want of water,
would be impracticable. This advantage often occurs in mining
districts, and sometimes for general trade, where it is necessary to
cross dividing ridges at a level too high to obtain water for their
summits.
The facts and reasonings presented, we believe clearly show,
that both canals and rail-roads, are highly important means of internal communication; that each has its peculiar advantages, and
will predominate according to the character of the route, and the
trade for which it is intended to provide.
Respectfully submitted,
JOHN B. JERVIS,
HOLMES HUTCHINSON,
FREDERICK C. MILLS,
Civil Engineers.
Albany, I4lh March, 1835.
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Comparison of rates of transportation.
Tort of 2,000 pound*.
Price per ton
per mile.
cts. mills.

Prices of transportation during the years
1817, 1818, 1810, by teams, from Albany
to Buffalo, (usual rates, $4.25 pr cwt.,).. 29.3
v

Cost if carried
200 miles.
Dolls.

$58 60

Rates of 1835, (including tolls,):

fey Erie canal—
For merchandize,...
Floui,
Staves,
Salt,

..........

3.95
1.83
0.97
0.93

7 90
3 66
1 94
186

Baltimore and Ohio Rail-Road—
Down freight,
Up
"

4.0
6.0

8 00
12 00

Liverpool and Manchester Rail-Road—
For merchandize,

7.5

15 00

Hudson river, 145 miles
Heavy goods, (from N. Y. to Albany,
10 cts. per 100 lbs.)..
1.38
Light
"
20
"
"'
..
2.76
Provisions, &c,
7
"
"
..0.96

2 76
5 52
1 92

Lake Ontario—
Merchandize, (from Oswegoto Lewiston,
146 miles, 20 cts. pr 100 lbs. all kinds,)

2.74

5 48

Lake Erie—
Merchandize, (from Buffalo to Cleaveland, 190 miles, 23 cts. pr 100 lbs.) for
heavy goods,
29 cts. pr 100 lbs. for light goods,....

2.42
3.00

4 84
6 00
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