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In an anonymous * Treatife, publifjed in Paris 1 the year 1693, this
* mode by rollers is particylarly deferibed, and faid to have been practifed
for fome time in Holland, with much fuccels ; and that there was a con-
ftruétion of that kind in the Canal between Amiterdam and Sardam.

6th. The method recommended by Mr. Leach, land furveyor (in his
Treatife on Inlind Navigation), who lays claim to the invention (in the
year 1774), of conneéting long continued levels, by inclined planes, which
he propofes to be double parllel planes ; and furnithed with roliers, on which
caitfons capable of containing water of fuperior weight to a loaded boat were
to move alternately up and down. Thesboats at the bottom level were to
float over thefe caiffons, which, in their paffuge up or down the planes with
the boats upon them, were to be full or empty as the circumftahee might

require.,

- s Ib

The top of this caiffon is horizontal, and furnithed with rollers, fo that

when it arrives at the ridge, or fummit of the inclined plane ning up
the higher water, the boat may from thence be lauwx upper
Canal. . .

7th., The fyltem lately inrroduccdﬁﬁhis kingdom by Mr. William
Reynolds of Ketley, viz. that of conneéting, as in the preceding inftance,
different levels of Canals, of great intervening height, by means of an in-
clined plane, with two parallel rail-ways; up and down which, by the aid
of a rope pafling over a wheel at the head of the plane, boats of 8 tons
burthen alternately pals upon carriages, over which they are floated ar each
extremity of the fall. The loaded boar (the trade being defcending)
draws up a light boat, or occalionally a half laden one. The firft of
thefe works was at Ketley in Shropfhire. The carriage downwards was
principally coals, and about four hundred tons daily.

Yers. Aceprding to Magelhaens (as quoted by Belidor, Architedt. Hydraul. t. 4. p. 355 & 356)
the Chinefe method was to haul the veffels by the power of capfians, or by the immcdiate
effort of 4 ar 500 men, up contracted channels where the water ran with great rapidity,
und was confined by mafonry, He alfu deferibes the dry inclived planes for {maller boats,
* Trairé des Moyens de vewdre lex Riwieres nawigable. This mode is alfo mentioned in
Belidor, Archieét, Hydraul, tom, 1.
The
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The boats were rectangular boxgs of 2p fect in length, 6 feet width, and
nearly 4 feet height; and one horfe drew filtegn of thew, connelted to each

other by a few links of chain.

The chief difficulty in going from a higher to a lower level, without
walte of water, lay in paffing the ridge, or dam, wihich retains the water
at the end of the upper level.  This he overcame two yays.

In the firft method, which he carried into effeét about feven years fince,
he avoided the afcent from the upper level to the ridge holding up the
water, by the means of two parallel Locks at the head of the inclined plane;
into one of which the laden boat floated on its carriage ; and the light boat,
when afended into the other, was by the admiffion of water floated off.
The water confumed in thefe Locks was ler into a fide refervoir, and in
dry feafons pumped back by a [team engine to the other level,  Mr, Rey-
nolds has great merit in the invention of this method.

The fecond method, as pradtifed, at the inclined plane below the iron
bridge at Brofiley, in Shropfhire, differs from the former in having no
Locks, and the boats being drawn upon the ridze by a fleam engine;
which alfo occafionally draws up the light boats, without waiting for the
laden ones, The boats, as in the other, arg floated upon four-wheeled
carriages ¥, which afcend and defcend alternately.

The merit of this invention, (;r, at leaft, the firlt ihrmducing it into
practicé” (which was I believe totally unknown to Mr. Reynolds) is due to
the late Mr. Davis Dukart, an Enginecr in the Sardinian fervice, who
fertled #in Ireland, and became engaged in the Tyrone collieries. Thefe
collicrics are lefs than a mile North of Dungannon, and about three miles
from the collicry bafon, at the head of a Cunal afcending by eight Locks

* @ A Jeading feature of differeace of effeét between thefe'two methods, is, that the former is
applicable 1o ficeper defcents and longer Woats ; becaufe the frame of the carriage may at ity
defcending end be elevated from the inclined plane to any extent; which if done fo confi-
derably, ir the lawter method, would dip the oppofite end of the boat in coming in or

going out of the upper Canal.
from
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‘In an anonymous * Treatife, publifged in Paris ‘in the .year 1693, this
mode by rollers is particylarly deferibed, and faid to have been praétifed
for fome time in Holland, with much fuccefs; and that there was a con-
ftruction of that kind in the Canal between Ambterdam and Sardam.

6th. The method recommended by Mr. Leach, land furveyor (in his
Treatife on Inlind Navigation), who lays claim to the invention (ia the
year 1774), of connecting long continued levels, by inclined planes, which
he propofes to be double parallel planes ; and furnithed with rollers, on which
caiffons capable of containing water of fuperior weight to a loaded boat were
to move alternately up and down. Thesboats at the bottom level were to
float over thefe caiffons, which, in their paffage up or down the planes with
the boats upon them, were: to be full or empty as the circumftahice might

require.

The top of this caiffon is horizontal, and furnithed with rollers, fo that

when it arrives at the ridge, or fummit of the inclined plane ining up
the higher water, the boat may from thence be launche ¢ upper
Canal.

=th. The fyftem lately introduced {APE this kingdom by Mr, William
Reynolds of Ketley, viz. that of conneéting, as in the preceding inftance,
different levels of Canals, of great intervening height, by mtans of an in-
clined plane, with two parallel rail-ways; up and down which, by the aid
of a rope paffing over a wheel at the head of the plane, boats of § tons
burthen alternately pafs upon -carriages, -over which they are floated at each
extremity of the fall, The loaded boat (she trade being defcending)
draws up a light Leat, or occafionally a half laden one. The firft of
thefe works was at Ketley in Shropfhire. The carriage downwards was
" principally coals, and about four hundred tons daily, ;

fers. Acgprding to Magelhaens (as quoted by Belidor, Architect. Hydraol, t. 4 P- 355 & 356)
the Chigefe method was to haul the veflels by the power of upl!lnl-. or by the immediate”
effort of 4 or oo men, up contracied channels where the water run with great rapidity,
and -was confined by mafonry. He alfo defcribes the d.ry inr.l_in:d‘ planes for fmaller boats,
® Traité dex Moyens de vendre les Rivieres nawigable. This mede. js alfo mentioned in
Belidor, Architc@l, Hydraul, tom, 1. ' .
‘"The
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Theboats were rectangular boxgs of 2p fect in length, 6 feet width, and
nearly 4 feet height; and one horfe drew fiftegn of thew, connetted to each
other by a few links of chain.

“The chief difficulty in going from a higher to a lower level, without
walte of water, lay in pafling the ridge, or dam, whrich retains the water
at the end of the upper level. This he overcame two yays.

In the firlt method, which he carried into efleé about feven years fince,
he avoided the afcent from the upper level to the ridge holding up the
water, by the means of two parallel Locks at the head of the inclined plane;
into one of which the laden boat floated on its carriage ; and the light boat,
when aftended into the other, was by the admiffion of water foated off.
The water confumed in thefe Locks was let into a fide refervoir, and in
dry feafons pumped back by a (team engine ta the other level.  Mr. Rey-
nolds has great merit in the invention of this method.

The fecond method, as practiled, at the inclined plane below the iron
bridge at Brof.ley, in Shropthire, differs from the former in having no
Locks, and the boats being drawn upon the ridge by a fleam engine ;
which alfo eoccafionally draws up the light boats, without waiting for the
laden ones,  The boats, as in the other, arg floated upon four-wheeled
carriages ¥ which afcend and defcend alternately.

The merit of this invention, ory. at leaft, the firft ihtrqducing it into
practicé” (which was I believe totally unknown to Mr, Reynolds) is due to
the late* Mr. Davis Dukart, an Engineer in the Sardinian fervice, who
fertded +in Ireland, and became engaged in the Tyrone collieries, Thefe
collicries are lefs than a mile North of Dungannon, and about three miles
from the colliery bafon, at the head of 2 Cuanal afccnding by eight Locks

s A Jeadin featute of dhl‘cxence of effeét between thefe'two met.hods i8, that the former is
apphcable ) ﬂeep:r deft:nis and Iu-nger ®oats ; becaufe the frame of the carriage may at s
defcending end be elevated from the inclined plane to any extent; which if done fo confi-
derably, in the latter method, would dip the oppofite end of the beat in coming in or
going out af the upper Canal.

from
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from the river Blackwater, near is jundhion with Lough Neagh, The rife
from the bafon to the collierg, was little thort of 200 feet ; and after at-
tempting, very improperly for the particular inftance, to conquer this great
afcent in thag fhort fpace, by continuing the Lock Navigation ; and finding
the fums granted by Government for that purpofe inadequate to the de-
fign ; he rurned his attention to fmall boats, and inclined plancs, of which
he confirutted thies, corneéted by narrow Canals. 7The falls were feventy,
fixty, and fifty-five feet, which laft términated abour 15 fect above the
colliery bafon; from which by a (hort railway, his boats, 'again Roating
over a carriage, were drawn onwards to the wharf, where the railway was
fupported on geers, or frames, and the boats were turned over to difcharge
their cargoes.. They were calculated to carry, each, a ton of the meafure
the coals were fold by, viz. (ahout 27 cwt.) which they did at lefs'than 18
inches draught, fothat his Cunal might be every where fordable ; and,
accordingly, no bridges were erected on it.

The boats were flat bortomed, and upright at the fides and ends: their
width was 4% feet, their height 2 fect 6 inches, and 10 feet ftraight fide =
one end was {juare, and the other pointed, fo as to form a right angle at

the ftem ; and they went, as in all finiilar cafes, a number of them chained
after each other.

His firlt actempt differed from the < Ponts aux Rouleaux” in'no other
refpect than having a double paffage down his inclined planes; fo that,
by means of a rope leading over a wheel, his loaded boats drew up his
light ones :—but finding various inconveniences from fome of the rollers
not turning, and from the individual inequality of the dxamc:crs of others
throwmg his boats to onc fide, as well as from other caufes; he fuggefted
and put in ufe, the method now pradtifed on the banks of the Severn, of
having a cradle or frame with four whecls, brought under his boats ; upon
which, over a double failway, they altcrnatcly afcended; the fole difference
between the two metliods being in the fize of his boats ; snd that, in place

of a fieam engine, he made ufe of a hoﬁc gin to draw h;l-bonts upon the
ridge terminating the upper level.

This



Ry

This work was executed a little,prior to the year 1777; but, excepting
in paffing a few boats by way of trial, nothing more was done, as, Mr.
Dukart could not obrain money to complete fome of the intervening levels,
and died foon after the time mentioned. ~The . works were then entirely
laid afide ; and, a fcw years fince, a common rail road, cuting off a con-
fiderable portion of the diftance, has with propricty been adopted in their

ftead.

8th. The method fuggefted by the Earl of Stanhope in 1793, viz. the
conneling different levels of Canal by iron rail-roads of a gradual and eafy
afcent; up and down which {mall boats were to pafs fufpended betwceen a
pair of wheels of about 6 fect diameter.

gth. The following invention, which is likewife afcribed to his Lordfhip,
viz. the paffing of 'boats, up or down an inclined plane, on rollers moving
with the boats for-half their length, in which {pace the boats would pafs over
them. The rollers are then to return to their places; by means of weights
afting over pulleys, and connefted by a chain to the ends of each roller.
This method, undoubtedly, would be atfended with confiderable expence
in the execution ; but has the merit of getting quit of the frition of rollers
moving on gudgeons. It muft however puffefs the other inconveniences of
the « Ponts aux Rouleaux.” The moft marerial of thefe are that the
boats muft reft on a fingle roller'in the convex part of the roed ; unlefs all
convexity be avoided by having a lock at the head of the inclined plane;
in which cafe the afcent muft be very gentle or the boat be thort, or high
at the ends, to enable her to float from “her reclined pofition, If the way
be very fteep, 2 frame for the boat to reft on, and raifed-at the lower end,
would be requifite.

A method of ufing moving roHers atrached to fuch a frame has been fug-
gefted by Mr. Fulton. He propofes to conneét them, by the gudgeons at
their ends paffing through an englefs chain, or collar, and thus retuming
the rollers over the frame, but under the boat.

By
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By the former method, the frame, oreboat, muft frequently reft only on
two rollers; but in this they neay be as clofe to each other as requifite : and
by havinz in place of one fet, a fet of rollers on each fide, this method
(with a regular declivity of plane and locks at the head of it) is capable of
being cirried into cfect for boats of any magnitude fuitable for paﬂ'mg on
inclined planes.

voth, The method publithed by Dr. Anderfon of Fdinburgh, in ¢ The
General View of ths Agr 1culmrc and Rural (Qiconomy of the Count) of
Aberdeen, for the year 1794."

The Docor, there, obfirves that, for all the purpofes of cornmerce, no
more width of boat is requifite than four feet; or more than two or three
fect depth ; and that the length might be indefinite fo as not to be incon-
venient for afcending and defcending between any two levels of Canal; .
which he propofes to be done in the following manner, viz. that the
lower level be run up to ncar'y under the end of the upper, and terminate
by an upright end, and two fide walls of mafonry, to the full height of the
fall ; with a pier in the middle, dividing the paffige between the two file
walls, into two openings of rather greater width than the boat: the two
ends of this pier are to be elevated fo as to fuftain the axis of a wheel of a
diameter equal to the width of the pier, and half of each opening, = A
chain pafling over the wheel,” fufpends, from each end, a rectangular cafe .
fo hung that when one fhall be at the bottom ready for a boat to float
into; the other fhall bé at the top, and clofe preffed to the wall or frame at
the end of the Canal, fo as to prevent the efcape of water: then, by open-
ing a ftop-gate at the end of cither Canal, and another at the correfponding
end of the cafe, it is cbvious that the boat may floatin or out. The lower
boat and cafe (or cafe with water only) are then in a kind of Lock, juft
containing the,cafe, and of fufficient depth to permit ir to defcend to the
level of the lower Canal. From this Lock there is a conduit to keep the
water down below the Canal bottom. '

Thefe are the outlines of the invention; which, where the conne@ion
between the two levels is a precipice, or fo fteep as to require only a thort
tunnel



( 9)
tunnel to the well, or pit, up or dayn which the boats are to move, may,

on receiving fuch improvements as it is capable of, be cafily carried into
efedt for fmall boats ; for which alone the author propofes it

It is obvious that, under other circumftances as to fituation, the ex-
pences of high embankmenrs above, of deep finking below, and of

bringing up the conduit to lay dry the lower locks, muff, thore than coun-
terbalance any advantage that can be derived from it.

r1th. Meflts. Rowland and Pickering’s plan bf enabling great boats to
afcend and defcend with inconfiderable walte of water. * This confifts in
having, at the head of the lower level of Canal, a pit {unk as much below
the bortam of it,. as the difference of height between the two levels, added
to the depth of a covered caiffon of requifite magnjtude. This caiffon,
when immerfed in th;: water, with which the pit is filled to the level of the
bottom of the Canal, is to fupport, on wooden or iron pillars of heiglt
equal to the fall between the two levels, ‘or trough or cradle, with gates or
draw doors at each end; containing a fufficient depth of water, to which
the floating power of the caiffon muft then be in equilibrio; and, confe-
quencly, capable of moving with eafe between the top and bottom of the
pit.

“When the furface of the water of the cradle is level with cither of the
Canals, and the end of it clofed againft the framing of the gate of the
Canal, by fcrews, or other means ; and the water Jet in to fill the vacancy
*between the gate of the cradie and that of the Canal, they both may then
be opened, and a boat be admitted, or pafs out.

Excepting what may, if neceflury, be ufed for regulating the equipoife
and change of motion ; the intermediate water between the gate of each
level and that of the cradle, is all that is confumed ; and with draw doors to
the cradle and finglé gares to each level, as already premifed, the quantity
mult be very trivial.  The weight of water difplaced by the bulk of the
pillars fuftaining the cradle, need not be material 5 and, where rcquiﬁtc,'il:
is propofed to be counterbalanced by weighes acting on a fpiral wheel.

B This
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This plan, which pofieffes ingenuity, 4nd is applicable in many inftances,
is now carried into execution on the Ellefmere Canal, near Ruabon in Den-
bighthire; on a fall of 12 feet, and for boats of 70 feet length, and feven
feet width; and the whole is moved up and down by 2 rack and pinion to-
wards each end of the machine.

Meflrs. Rowhind and Pickering’s invention alfo extends to another prin-
ciple ; that of counterbalancing the cradle containing the boat by weight ;
which, if carried to the perfettion it is capable of, will in higl falls have de-
cided advantages.

12th. Mr. Weldon’s Caiffon Lock, or Diving Cheft, in which boats with
their cargoes are to defcend, to a confiderable depth, down a pit or well;
and afterwards pafs by a tunnel into a lower Canal: and to afcend in a
fimilar manner,

This method is now carrying into effeft on the Somerfetfhire Coal Ca-
nal at Monéton Comb near Bath, on 2 fall of about 45 feet, and for boats
of 72 feet length, and feven feet width.

The caiffon, or cheft, is cylindric ; and, in this inftance, of fufficient
ftrength to bear the preffure of a column of water 54 feet, or upwards; to
which it is fubjefted, when oppofite the lower level, onaccount of the ne-
ceffity of its being covered when oppofed to the entrance of the upper level.
It is fo balanced that when it has fufficient water within it to float a boat, it
is of the fame fpecific gravity as the medium it floats in : and, like an air |
balloon, it afcends or defcends by a flight increafe, or diminution of its re-
lative gravity; which, in this machine, is done by raifing out; or admitting
an inconfiderable quantity of water. The pit, in which the diving cheft
moves, has, oppofite each level of Canal, a tunael or opening clofed with:
gates; and is fo much higher\than the upper Canal as to contain a height
of water jult fufficient, as alrcaly mentioned, to covet the caiffon when
oppofite the upper level.  In this, or in its lower pofition, when run clefe
to, and abutting againft, ‘the entrance, it is retained by the water being let
out of the fhort part of the tunncl between the gates of the level, and the

end
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end of the caiffon. It is then held there py the preffure of the column of
water intervening between the furface of the pit and that of the Canal ro
which it is oppofed. The gates of the level and Canal are then opened,
and the boat goes in or out; and, on the gates being again clofed, and the
water let into the vacancy, the diving cheft is ready to proceed to the
other level.

This fcheme poffeles much originality, and may often be ufefully ap-
plied. It and the preceding one are fecured to their refpetive inventors
by patents ; therefore I fhall refrain from giving my fentiments on the fe-
parate advantages of cach, and from pointing out the inftances in which
either inight have the preference of the other, In general, all rnethods of
afcending and defcending which fave water, where the want of it for other
purpofes, whether for giving motion to machinery, or the irrigation of
land, would be greater than the advantage the navigation would obrain by
the ufe of it, muft clearly be fo far beneficial to the community. -

13th. The Jaft method * introduced to the public, is the ong which has
principally occafioned this Effay, viz. Mr. Fulton’s wheel boats; which,
when applied to inclined planes, he looks upon as paramount to all other
modes. The novelty of this method confifts principally in having + wheels
affixed to, or underneath, his boats; and in the defcending and afcending
boats cach keeping their proper track ; and not moving alternatcly in
oppolite directions, as in the method praétifed at Dungannon and Coal-
brook Dale, and as recommended by Mr, Leach and Dr. Anderfon. His
*boats, he obferves, may be of a reftangular form, and from 2 to 4 1 feet
wide. Thofe of the latter width which he particularly defcribes, he re-
commends to be 20 feer long, and 2 feet 10 inches deep ; and propofes

® A Treatife on the Improvement of Canal Navigation, exhibiting the numerous advan-
tages to be derived from fmall Canals. 4to, with 17 plates, 1796, :

4. They are more properly tracks, viz, wheels between whofe diameter, and that of their
axis, thare is lictle difparity, apd confequently their friction great; as alfo is their inability
to furmount any cafual obflacle.
1t In the dtle page he fays 2 10 5 feet. _
B2 them
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them to carry four tons each. He fays they may be « compofed of 3 inch
« ‘deal, bolted and fcrewed in the pfuf mode, and {layed at the corners,
« with two knecs or ribs fofide, exaéily above tne whecls, and abeut §
« fiet from the ends, which will leave 10 feet in the centre,” Under the
beat’s bottom, he propofes rwo pair of wheels of from 6 to 10 inches dia-
meter; the axle and pair of wheels to be of‘one piece, and turn on brafs
or iron collars. = Each pair of wheels ire to tread only two feet, fo as to,be
perfellly clear of the fides of the Canal: and, to prevent any impediment
from their axle-trees, they are to be cafed over with thin plank, fofining
a falfe bottom from one axis td the other. A boat fuch as defcribed will
(exclufive of the frame under the bortom, which I fhall admit to Roat the
wheels) be equal to a folid m:afs of fir timber of the length and width of
the boar, and 8 inches in depth; and, allowing for the iron work, will
draw at lealt 6 inches when light, exclufive of the wheels; and with 4 tons

bare weight (allowing in round numbers 36 cubic fce: of water to be a ton)
will draw 2 feet 3} inches.

Thefe boits then with wheels fix inches below their bottoms, will draw
2 feet g inches water : and as there fhould always be 2 or 3 inches to fpare,
their draught will be too great for * fords ; therefore bridges cannor be
difpenfed with. He propofes, very properly, that the canal fhould be
every where wide enough for boats to pafs each other; which, of courfe,
will be 3 or 4 feet more than their joint width of bottom ; as, otherwife,
the fides of the Canal would be cut down by their fharp angles; which,
even then, cannot be cffeftually avoided.

* The fords thould be all paved ; 2ad ifthe boatsin going over them fhould tonch, their
wheels would help thent on 5 but it would not be advifeahle, as one bosfe fhould draw feves
ral boats, to fubmit 1o vhat inconvenience.

A fix-inch wheel I loek upon as of ar too fmall a diameter ; but as, by {piking a piece
of board immediately over the wheels, they may be let nearly or quite through the bottom,
and a larger diameter be admitted ; I fhall only add 6 inches below the bottom, whick

{pae ¥ requifue to prevent the pecellary curveture of the extremities of the railway touch-
ing the boat,

The
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The depth below the water line ,cannot, with propriety, be lefs than
3 feet 6 inches, to make proper allowance for filting up : and g fect width
of bottom, is the leaft it can be, to admit of tAe free paffage of thefe up-
right fided boats.

Thefe dimenfions are below what Mr. Fulton has informed me he
propofed : and I have purpofely affumed them to fhew that the comparifon,
in the next chapter, is not calculated to depreciate the fyftem he has
brought ferward,

CHAP,
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CHAP. II.

On the comparative Expence of forming narrow Canals with inclined
Planes, and wide Canals with Locks; flating alfo their refpecitve
Advantagesy and  comparing the Confumption of Water by Mr.
Fulton's Plan, with what is requifite for Locks.

AsS the great difparity of expence is a leading argument, with Mr. Fulton,
againft the lock Syflem of Navigation; I fhall, before 1 proceed, fhew
how far that fyftem ought to be followed, or rejeéted, for the one he has
recommended ; and endeavour to prove, that in general inftinces, the
difparity of expence is not nearly fo great as he has ftated. For this pur-
pofe, I will compare his plan with a navigation for 5o to 60 ton boats, of
60 or 70 feet length, 14 feet width, and 4 feet 6 or 4 fect g inches draught
of water ; a fuitable Canal for which would be of 24 feet width of bottom,
and 6 fect depth of water; which- would afford room, every where, for
two boats to pafs, as their feétion would not be angular, but curved.. The
disgrams 1, 2, 3, 4, and 1, §, 6, 7, figure 1. plate 1. (admitting the
flopes to be what they moft generally are, viz. 18 inches bafe for every
foot in height), will fhew the profile of each Canal, at what is termed
level cutting, viz. where the level of the ground is equal to the furface of
the water.

The fecond comparative diagrams, viz. @, 4, ¢, 2, 3, d, ¢ f, and
4 b, ¢, §, 6, g, b, k fhew what they will be at 5 feez extraordinary
finking ; allowing, at 2 feet above the water, g feet offset on the towing
path fide ; and a berm of 3 feet on the other, to prevent earth tumbling
into the Canal. ‘The diagrams 8, ¢ and 8, 10 'ip the fame figure, thew'
10 feet extru finking. )

Thefe diagrams will be more or lefs near the truth, according to the
tenacity of the foil, and other circumftances; but I haye mken them at
b the
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the general run of the foils of the na;rigatians of this country ; whil{h, al-
though when firft cut, they will ftand ftecper, will generally crumble down
to 16 or 18 inches bafe, to a foot in height; at which flope, loofe fail will
ftand when not agitated by water.

The fucceeding comparative diagrams, in JSigure 2, plate 1, fhew the
embankments of one fide of each Canal, where the furface of the ground is
2: feet, 6 feet, and 1o feet under the furface of the water. The line @ &
is the middle of the fmall canal, and 4 ethat of the greater, allowing them
to continue of the fame width as where their channels have to be excavated,
They are generally wider in embankment, particularly in thofe of {mall
height ; which, fo far, would uperate againft the {fmall canals.

Thefe feven pofitions of comparifon are what will commonly occur, ex-
clufive of greater difficulties (which will ftill more equalize the fyftems)
and for that caufe I have affumed them.

At a given diftance from the fummits of mountains towards the low
grounds of the valleys, a regular tract may be found, where, without much
curvature, a line of level cutting may be uninterruptedly carried.

The falls, in thefe countries, are confcqueﬁtly great; and minerals the
almoft fole articles of carriage.

, The fides of the mountains are alfo frequently too fteep, and the foil too
fhallow, to admit of wide Canals without great expence ;3 therefore, under
thefe predicaments, inclined planes and fmall boats are moft eligible : but,
on the general elevations through which lines of Canal run, the country is .
often croffcd tranfverfely to the courfe of the fmaller rivers; and the (ur-
face of the ground neceffarily undulates ; fo that no continued line of level
finking .can be obtained, without immenfe * circuity, viz. without curving

* According to Mr. Leach’s account (in Page 47, of the 2d edition of his works) the
diftance from Bude Haven, i in the Briftol Channel, to the navigable part of the Tamer fal-
livg into the Englith Chanvel, is no more than 28 miles in a dire line : but, by the courfe
meceflary to be taken in the feveral intervening valleys in order to preferve the level, the

line was cxtended to upwards of 8o miles.
to
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to the brow of every fwelling point of land, and retyrning up every vale,
until the proper luvel be rpgained ; which, in itfelf, is fo obvioufly abfurd,
that no further reafoning is requifite o fhew the neceflity of frequently in-
curring a fAuctvarion of more than 10 fect above and below the line. I
fpeak not of the vales of great rivers, which I allow may be paffed by in-
clined planes, delcending to the valley and rifing on the oppofiie fide : "but
were this to bé done on every ravine that is to be paffed, the inconvenience
would be great indeed : dnd, therefore, many embankments mull occur far
beyond what I have ftated; and I fhall now proceed to their compar'ativc

examination.

4 Ton | 6o Tox
Canal.| Canal.

<l o

In the firft ftatement, or level cutting, the comparative

fettiofls and confequently the quantity of earth af;, } 594, 198
At the deprh of ¢ feet gxtra finking, - - - 221 | 482
At 10 feet do. - - - - 491 | 864
Surface of ground- 2 feer 6 inches under water line, = 107 107
Do. ‘6feetdos - - - - 287 | 287
Do. 10 feet do. - - - - 5§77 | '583

From whence it follows, that under the firft predicament of leve] cutting,
the quantity of tife fmall Canal is fcarcely more than t one fourth of the:
greater : thay, in the fecond inftance, it advances to more than four ninths;
and, in the third, to, nearly four fevenths; fill approaching nearer as the
cutting becon:es deeper.  And as the cmbankmcnt, when even fo trivial
as 2 feet 6 inches, and thence downwards to above 6 feer, is equal in

* The banks are ellimated at only 10 feet width each ; and onie foot m height above
the forface of the water ; and without allowance for fubfidence.

1 If no puddling to keep in the water were requifite the expence would be lefs than 2
quarter ; becaufe the whole might be caft out: but as the puddling (whichin the leffer
Canal would be twice as coflly as the excavation) would be pearly s the furface of the fides
and bottom, the difparity would be fo far.reduced in what mxy reqaire puddimg, thes the
general proportion of expence may fland as the quantity of excavation, or even higher.

both
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both Canals ; at 1o feet nearly the fame; and, afterwards, not effentially
in favour of the fmall ones, until "the embankments become very high :
it may fairly be concluded, that in the common run of navigable lines, fuch
as defcribed, the expence of cutting the Canal for four-ton boats would be
half that of a Canal for 50 or 6o tons.

2d. The expence of fencing and gravelling the track-way will be the
fame in both.

3d, The next expence I fhall confider is the land, the quantity of
which will be precifely the fame as to the towing paths, the flopes of the
banks above water, and the outward {lope of the embankments; the fole
faving being in the reduétion of the water line : and taking the average in a
favourable flatement for the {mall canal, the land required w:ll be three

fifths of the larger.,

4th. Brooks muft be paffed under the ® {mall canal in common with the
Jarge ones; and as the expence of the ends of the culverts would be equal
in both cafes ; the only faving, unlefs fome excavation under low embank-
ments, would be in their difference of length, which, in the higher em-
bankments, would be only the differcnce of the width of water, viz. 222
feet; and, under low embankments, where the culvert would require to
be as high as the depth of water in the fhallow Canal would admit, the
faving in length would be 3o feet, viz. the difference of width of warer
added to the reduétion of the width of the embankment on the level of the
culvert. If, in this inftance, the culvert under the deep Canal be either
fyphon formed, or raifed at the upftream end, the dilparity of length would
be. lefs ; but the difference of excavation in favour of the fmall Canal has

* Dr. Anderfon propolea to fave the expence of moft of the culverts, by bringing the
lefler givulets into his dmall Canals, and pafiing them over paved overflows oppofite to the
inlets ; bac this {cheme, befides inevitably ‘filling his Canal with fand and gravel, would in
great floods render it impaflable, and overflow the regular height of the banks; and alfo
would never be agreed to by thofe pofiefing mill property on the fireams into which thefe
brooks flow. '

C allo
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alfo 10 be taken into account. The faving, upon au average, will be
nearly one third ; and, aﬁ'ummg it as fuch, the expence of culverts under

the frnall Canal will be twd-thirds of what would be rcqulrcd under the
other.

sth. The next point of confideration is bridges, which, in commen'
with the others,» will require towing paths ; and, therefore, ought not to
be lefs than 10 feet fpan, and muft be of fufficient height to let 'the horfes
pafs under. A boat of 14 feet beam (viz. 10 feet wider than the fmall
ones) will require a bridge of 20 or 21 feet fpan, The wing walls, and
towing paths, will be common to them both; and the foundation and pa-
rapets being taken into account, the bridge will, in the {maller inftance,
average about four-fifths of the greater ;-but as a reduftion in height will
diminifth the thicknefs of the walls, the whole expence may come to about
one half. '

6th. In the general run of countries, fuch as I have defcribed, the fall 1s
often {o extremely progreffive that, even where water is in fuch abundance
as to induce the parties to build double locks wherever the fall ad-
mits, they are frequently neceffitated to build locks of moderate fall; to
avoid a long embankment on the one hand, and a continuation of deep
cutting on the other., Under this predicament, they would be equally con-
ftrained to have inclined planes' of {mall fall, with all the apparatus- that
would be requifite for great oncs The faving, therefore, could not be
* more than one third; but, onan * average, I fuppofe it would be fully one
half; and under thcﬁ: premlﬁ:s, and the fuppofition of the fame average of

* In fituations pm’perljr cizcomAanced for fmall Canals and inclined planes of great fall,
1 will admit the difparity o be four to one in favour of the former, 21 to afcent and defeent.
I am fricndly to the ufe, and only controvert the sbufe of the fyfem. '

proportionate
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proportionate expence in paffing valleys, 1 will now procced to a fummary
of the general comparifon.

General proportion,
Frac-
tional | 4 Ton] |60 Ton
proper- | Canal. | Ganal.
teon,.
1ft. Cutting, viz. Sinking and embanking, -1 = H 2
2d. Fencing and gravelling the trackways, -1 o X ]
3d. Land, - - - = '} 3 5
4th. Culverts, &c. - - - F 2 3
sth, Bridges, - - - + i 2
6th, Defcent and aicent, - - - T I o

From thefe deduélions * it follows the favings in fuch inftances as I have
premifed, will be very confiderably lefs than oné half by adopting the Na-
vigation, defcribed by Mr. Fulton, for four-ton boats, in place of thofe of
Go tons. I will call the faving two-fifths; and then procccd to examine
what mufl be ﬁcnﬁccd for that acquifition.

ift. The carriage, in a very confiderable degree, of all articles that will
take damage by being wet 1 : becaufe the narrow boats of 20 feet length,
refting

In tunnels through hills the faving would generally be about three-fourths ; but this is
not taken into account, becaufe, where any confiderable portion of a Navigation muft be
fubterrancous, that circumftance will demand fome redution of width, accordant with the
extent of it, the difficulty of execution, and the objeéts of purfuit.

+ Under, this defcription muft be included grain, the chief pmdm of the land ; the
eafier dijpofal of whith forms the general inducement for landed proprietors to encourage
Canals. From this caafe, and the creation of demand for internal produ@s of the earth
thgt might otherwife lie dormant, and from the conveyance of lime for manure to parts that
coald ot otherwife eafily obtain.it, the landed intereft receives more benefit from internal
Navigation than the adventurers who ifcur the charge of the works, and run the rifque of
their fallure of reafonable fuccels ; which although dubious to the latter, can never be fo
ito the land-owner ; a5, by means of Canals, diftant and unfavourahle fituations come under

Cz regular
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relting on two tranfverfe lines over the gvhecls, would, with heavy cargoes,
be very liable to ftrain, fo a3 to become leaky : and admitting they had 2
raifed ceiling, which they muft have for the carriage of dry goods,-the
water from the change of pofition of the boat, on afcending and defcending
the inclined planes, will run to the extremities, and be dafhed abourt fo gs
to damage the goods; unlefs the ceiling ‘were raifed at the ends, fo.as
greatly to reduce the (towage of the boats,

2d. When boats, on the different levels, are committed to the care of
different 'men, it will be impoffible to fix under whofe charge the damage
happened, unlefs it became a rule to examine the boats at every place of
change of men, which would be attended with too much delay.

3d. From the fame caufes, and the boats having no dcf:ks, it will be
difficult to prevent pilferage of liquors and fmall articles.

4th. Whenever the wind blew ﬁrong, the boats would be liable to take
in water over their gunwales, noththﬁandmg their tarpa.ulms, unlefs they
were battoned and nailed down as in fhips hatchways : and, in every crofs
reach, the ftring of boats would blow afhore without a man to every boat
to kccp'thcm‘ off, which would be far too expenfive. At Ketley, they had
rails projecting into the Canal, onthe convex points, to keep the boats .in
their regular courfe, which enabled them to go forward in moderate wea-
ther ; but to navigate, in any ftrength of ‘wind, they would, if even they
had rails alhe way, require the aid of men to cnable boats that were going
oppofite ways.to pafs each other. Or, otherwile, they muft track their boats
with fuch fpeed us w0 keep them off the (hore, and confequently have very
few to a horfe.

regular caltivation, and advante of rents far beyond what could otherwife be given. The
frequent oppofition from that guarter, and the ‘fupport ‘that fuch oppofition meets with,
clearly fhew, that gentlemen of landed intereft do not in general fee this advantage in the-
light in which I have deferibed it: the fame oppofition, I am informed, exifted on the firft
introdultion of tarnpike: roads, the value of which has now been fufficiently experienced )
and the foperior advantages of Canaly cannot fail bemg foon a5 3eneril.ll7 known,”

In
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In moderate weather, it would bg’ difficult for a horfe to drag a line.of
them 200 feet long, viz, 10 boats as propofed by Mr. Fulton. The fec-
tion of water oppofed is but fmall; but the form of the ends of the veffels is
that which gives the greateft refiftance ; and they are often repeated, which
muit produce a confiderable effet, although one veffel follows in the wake
of another. Further caufes of refitancé will arife from the line of boats
frequently forming a zigzag, and from their vaft furface expofed to the
water. The whole of the effects combined are not reduceable to calcula-
tion, and muft depend on experience.

sth. Packs of hemp and wool, bales of cotton, facks of hops, crates of
earthen ware and of glafs, oak bark, bavins, &c. &c. would lie too high, fo
as to overturn the boats, unlefs iron, lead, blocks of tin, or other pondef-
ous articles, were carried at the fame time; without which, thefe boats
would not carry half their tonnage of light goods in any package; the
Staffordthire fquare-fe@ioned boats of feven feet width, will feldom ftow,
without becoming top heavy, more than two-fifths of the weight they can
carry, at a lefs proportionate depth than the boats in queftion muft be
loaded to, to carry four tons.

In addition to the articles already mentioned, thefe boats cannot .rry
either long or crooked timber; the former, if of fir, may be floated:
but the latter, if of heavy wood, will fink, and cannot eafily be mana-
ged. Weither would thefe boats be very fuitable for the conveyance of
quick-lime, nor would they carry (becaufe of their foon overturning)
nearly their tonnage of wheat in facks, and ftill Iefs of rye, barley, oats and
malt: I, however, do not mean to infer that they will not carry thefe latter
‘articles at all; bur only that the quantities will be lefs, nearly in the ratio
of their fpecific gravities ; which deficiency in tonnage may, in fome in-
ftances; be compenfated by reduction of toll. This width of boat is, how-
ever, what cannot be recommended for general purpofes.

“The broad boats of 14 feet will nearly carry their full tonnzge of light
goods, which circumftance arifes from two caufes : the one is their form
(as well as their width) which occafions their metacentre, or point below

which
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which the joint weight of boat and catgo ay lie without overturning, to
be higher than in the other doats*; and the other is, that they are funk,
when laden, to a much lefs proportion of their width : befides which, when
their draught of water is indefinite (as will further appear from the next
chapzer) the quantity of light articles that can be carried by boats of diffe-
rent widths, but of fimilar form and length, will be as the fquares of their
widths ; therefore,sa boat of four feet wideh, in place of carrying half as
much as a fimilar one of eight feet, will only carry a fourth, although of
the fame length ; and but a ninth of one of twelve feet width.

6th. The transthipping of articles removes the refponfibility ; and, as
boats are frequently wanted to navigate both canals and rivers, which
cannot be .done by “the fmall boats, that degree of refponfibility muft be
loft, and the charge and delay of transthipping be incurred.

7th. The faving in point of reduction of Canal dues, would not, in ar-
ticles of merchandize, be equivalent to the inconveniences defcribed.

Having now mentioned my objetions to the univerfality of the fyftem
recommended by Mr. Fulton, 1 fhall proceed to notice the cafes wherein I
think it eligible, the fteps I think neceffary to its perfetion, and the means
of « harmonizing the {yftem of internal navigation ;" which will not confitt
in the annihilation of Lock Canals as he has ventured to prognofticate,
but in rendering the modes of conveyance in them all, as far ‘as poffible,
confonant to each 8ther. Previgus to this, I fhall make fome obfervations
on the confumption of water. ' In Locks there is this inconvgnience, thaty
whether the boats afcend or defcend,. be light or laden, they confinme; on
an average, a Lock-full of water; for, although in going downwards, they
fave a quantity equal to the weight of the boat and cargo if laden, or of
the boat alone if light, in confequence of the bulk of the immerfed part

® Canots, ufed on the American and other rivers, becaufe of the curved form of their
tranfverfe foltion, carry their lading higher than fquaré-fe@tioned bosts of fimilar width,

and are therefore capablc of conveying large hogtheads o tobarce, or of other articles,
with fafery.

of
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of the boat being expelled from th¢'chamber, on the boat's entering from
the upper level; this is perfe@ly counterbalgnced by the reverfe taking
place in the afcending boats, on their quitting the chamber to enter the
upper level ; confequently, exclufive of leakage, which in well fiwed gates
is very inconfiderable, we may eftimate a boat to confume 2 lockful in
paﬂing any extent to or from the fummit. Wherever wal:cr 1s fcarce; it
is common not to exceed eight feet falls, and to have no double Locks.

The next confideration is the depth of water in the Canal ; for the greater
the deptli, the tonnage, contained in any given width and length of boat,
will be the more increafed.

I will affume the depth of Canal I have heretofore compared the fmall
ones with, viz, 6 feet, which will allow of boats of upwa.i-ds of 4 feet 8
inches draught, Thefe boats, when light, need not draw fo much as 15
or' 16 inches wates, which -will allow 3 feet 4 inches to be funk by the
cargo. If the boars and locks be proportioned to each other, as in all
cafes of want of water they ought to be, the area of that portion of their
height thould be at leaft equal to three-fourths of the area of an equal height
of the Lock; confequently, in this inftance, 2 feet 6 inches height of the
Lock {viz: three-fourths of 3 feet 4 inches), will be equal to the weight of
the cargo. Therefore, in a fall of 8 feet, the confumption of water would
only be 33 times the weight of the articles that would be paffed, up or
down, in place of the difproportion he * fpeaks of, viz. 133 tons of water
for paffing 25 tons of goods, inftead of 80 1 tons (which, as above flated,
thould produce that effet).

Where the dcf-ccndmg trade does not bring u;; the afcending, he fup-
pofes that, by hi: own fy{tcm, the wc1ght of water confumed will be I twice

* Vide Fulton, page 69. :

+ The above clearly relates to a paffage only one way ; but, if a boat pafs a fummit,
the confumption of water will be twice as much ; unlefs another boat pafs down with the
fate lockiul®the former rofe with. And if boats pafs and repafs & fammit, laden one way
only, the.water requifite would be neagly 13 times the weight of the goods conveyed : but
thefe extreme ¢jrcumftances are never permitted to take place wherever water is fearce,

1 In fome inflanccs much more, Vide Fulton, page 79.

: ' that
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that of the tonnage, And every valley he paﬁ'cs,' by the double inclined
plane (defcribed in chapter,xi.) defcending on one fide of the valley, and
rifing on the other to that or any other® level will, of courfe, repeat the
preceding confumption, fo that the wafte of water may become as confi-
derable as by the Lock fyftem, particularly if the method invented by Mr,
Dubie, - in-the laft centuzy, and defcribed by * Belidory be put in pradtice,
as may, in fom? fgw cafes, be eligible, viz, the-drawing off the upper half
of the height of the Lock into a fide refervoir, and the remainder into the
lower level; fo that, in refilling the Lock, the lower half may be filled
from the refervoir, and +half only be drawn from the pond, or level above.

Or, nearly the whole water may ‘be faved by, the Liocks defcribed in thc
11th and mth articles of the pm:cdmg chaptcr ;

v, Flion ot eted o veis i a8 vequifite in:the paffing « Liock,.
which in fome inftances is the cafe; but, where fufficiant water way is given
to the fluices, and expeditious means of opening them adopted, a Jarge
Lock may be filled or emptied in two minutes, and a boat pafied through
(inclufive of the filling) in three minutes, ‘Which degrec of expedition is
- re§uifite wherever paflage boats are an objeét. - -

» Archite&t. Hydraul, t. 4, p. 412. °

-|- This may often be eligible in Locks of two or more falls, 252 refervoir w be given
toeach. The fubdivifion of height 6’?’ B chamber, may be extended to three or mute, foas
to- reduce the quantity fill further’; bist it would Bs counteraited” by ‘the intieafe of ex-
pence, and the delay in pafing the Lock’s meither will the faving be (quite in the propor-
tion of the-number of the xefervoirs,: b‘ﬂ'ﬁﬂfﬁw Auloation of the level of their furfce,
which will hcmOre or lefs atcording to their proportionate msgmtud‘u. The metlloa taken
by Mr. Dub:e, in a Lock: of 20 fect fll, o the Canal'of Ypres, was. t0 have three divifions
for admiffion of the water, r
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CHAP. IIIL

Cafes where the fnall Syflem of Navigation is eligible—with fome
Propofals for its Improvement.

THE fyftem of finall Canals 'is particularly cligible in all countries
where. imeftone, coal, iron ore, lead, and other ponderous articles not
liable to ‘damage froni being wet, or likely to be ftolen, are the objeéts
chicfly to be artended to; and where the regular declivity of the country
runs trdnfverfely.to the courfe of the .Canal: which will generally be the
cafe along the fides of mountains, at an elevation above the irregular ground
at their feér.”

 In chofe fituations, the great falls, ‘or inclined planes, may be made at
the: forks of rivers; fo that' the upper levels may branch up both the
vales, and thus give the moft extended communication. A fituation fuited
for thofe canals will often alfo be found in countries that are not abfolutely
mountainous, but awhere the ground regularly declines towards the vales of

farge rivers.

Bridges, whether of high roads, or of communication between divided
prbpeny form n effeatial article of expence, and may be  confiderably
avoidedin the fmall fyfkem. The only thing militating againft it in the
wheel boq, is the great projection of their wheels below the bottom,
which: renders fords’ impraticable. “The fords ought not to exceed two
fet ning inches depth; as, otherwile, hay, fheaves of corn, &c. in com-
moa carts, would be liable to get wet.  The depth might always be nearly
umfbrm. from the fords being paved, and overflows immediately adjoin-
ing, ‘Wi, to allow for cafual fluGtuation, might be'fixed at two feet fix
inches bove the pavement of the fords: then, in place of communication-
bridges, it“would oply be neceffary tp form a paved road obliquely down
the baak on one fide, cioffihg the Canalin the fame diretion, and floping

D up
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up she! oppofite bank. In coungry roads,. wherever thaﬁeepnefs of the
grourid does oot prevent, the d. fcent and afcent may. be more re@angulsr
1o the line.of Canal, orin the direction of the road itfelf: in. which calk,
the water would extend eight or ten yands on each fide, to admit of 2 pro-
per flope to the road. In,grear high roads it would be, reguilite to have
bridges. - 1t; confequently, becomes an objeét of confideration to. reduce
their expesice by haying no towing-paths under them and.at the fame dme
not to-interrupt the regulartracking of the.boam. This end may be- ef-
fefted by a mode fomewhat Gmilar to whep iy ofed to pafi fmallveflels
through one of the bridges at Rotterdam, without either “firiking cheir
mafts or interrupting the oot paflengers; which is dont by mifing and’
turning back a frall leaf in ehe centre of the bridge nfnbontramnr
eighteen inches opening, which opening the paflengers iftep dver; and the
veficls maft paffes through it. The mode I adwife, differs only in there
being no neceffity for a central leaf; as the bndgemy,eoniﬁ#imo abut-
ments, juft fo far afunder as to afford room enough for the boats to pafs,
and of two permanent lesves properly fupported, with an inch and a half
opcning between the - edges of them, guarded with romaded iron. -This
opening would be no impediment to the tpad; and through ir the rope (pro~
perly guided by a leading piece of wood or won) would pafs without ine
terruption. If the Canal be defigned for heavy articley daly, viz. for the
ufe of particular collicrics, imeworks, or mines ; then, thefe bridges would
be of little charge ®, as they might be Jaw—bur if paﬂig:-boaubc m con~
tunplmthmﬁm height would: be Juch,  and ‘alfo. fome increaft of
width 45 that the &mté«ﬂhmﬁd«aﬁh;uﬂ*w«dﬂ. mnpit
fuch infiasicts, be berrer to blilld bridges with towing ‘paths ‘ower grét

* They would mpw}nn thas paved fords, and ot iemit the boats 't fo fnall &
inngttdl’m;ﬁ:n’m ‘anlels tmﬁdcuﬂnh:i‘hthwltu ¢ wanted, or confider-
sble widdh, pl’mlﬁtdummehglbh, nndwhwe.rhe]__' ' n&!.ebewheel-hm\;lmay
haive tho-axic-troee of thelr whoels uader chciri botiime, ﬁg'wc chaanel Be left
ﬁnﬁupperpmo!mhwlnlumm, w@ﬁiﬁﬂﬁytﬁmﬁduﬂn&mﬁ
ohe b, s calulatad fog fordn

qmbumnzhtmuhmmmmw edmis of pabagers fitting oppelte 1o
mhmmﬂy:ndutg_eﬁﬂmnoi&mbuqumhmrmm“ﬁ
aaﬂppﬁu&ﬂuuthefﬁnuhnofbu&uwdﬁ.
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voads, where ‘they could ill be difpenfedwith ; and wheraytif fords were
admitted, the frequeney of paffage would intgrrupt the trade of ‘the Canal.
Thefe Canals undotibredly admit of paffage and market boars to deféend or
afcend the inclined pHnes, the ufiml way on carriages, with an: advantage
-in expeditioh beyond-what can be had where many Locks interrupt g -whick
circurnftance™ c‘onnterbalahces, in thofe boats, .the incenvenience arifing
from their fmallnels. This fpecies of Canal, alfo, obvioufly admits of rafes ®
of fir timber biibg cohveyed, s deferibod by Mr. Fulton; but it muft be
aduiitted; that"they, s 'well as the fharp-angled boats, will rapidly tear
_dm the Banks oF ithe Canal, o2y to-fill up the bottom #nd require fre-
quencrepairtt < Ffom what has been, faid, it becomes an obje to decreafe
thie deight of the'boats, fo that they thall not draw more with their wheels
than tw feet fotir'inches; and, alfo, that the diameter of the wheels fhould
be aittla tncreafed, both to avoid excefs of friGion, and' to overtome
caficr any- obftacie agifing cither from gravel, pieces of ftone, or any.other
impediment, ‘lying cafually on the railway, ‘or from the junion of each .
piececof rail It is likewife requifite, that the boats, to avoid fraining,
be. fhorter t; and, 10 preventi4heir too cafily overtuming with almoft sny
thing but minerals, that they be fomewhat broader. . Thefe purpofés will all
be anfwered bya trivial alteration of. their form, which F fhall proceed
to defesibe, after premifing' that I propofe their width to be not lefs than

four fett fix inches.

. ® Rafs of timber anepermitted to pafy on the Cawalifrom the Forth o4 she Clyde ; and
mmﬁ&immnﬂ upwards; compofed :of fve tioys o tisiber crofled with
d:d:bmmh; but, in many Canals, thymmhthmﬁonuwmnftbequp
dwydn ‘by catting tiie ‘Banks with their angles, and the dificulty of fieering them; the
firft of thelc ahmrw may be doue away by inclofing the loweRt tier Nith two fide
picory (ech compolid of Gae breadlch apd s, alf of & buik). gearty of chefiope of the bask,
mmm;-ﬂ@mmﬁmmkmmmmm
that nque of the next o Wamedietely cbloguens tiers projedt beyend is. , The Reerage may
hem.”edﬁthm ﬁbndm-rduhmdjofth , and conne®-
edwiﬂfﬂleq‘dﬂhﬁfdleh' udafn'bymthrmpt. ora‘hlﬁhﬁu&k, which 8
m,.'j'_‘_ﬁtn&mym in of let omt at pleafare, fo a5 10 Reer & s ¢Bpcually 25 a boag
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ift. I propofe their wheels to Re 12 or 14 inchel diameter, .and only to
proje& two inches below the bottom. Thefe wheels muft, neceffarily, be
fheltered by the fides, not onl}r to avoid ftriking wgainft the banks, but
that the boats may not entangle with each other.~(7ide Plate I1).

~ This purpofe might have beeneffe&ed by means more fimple than fhewn in
the plan, &c. were'it not for the neceffity of attending to the vertical curvature
of the railway, which will proje&t upwards, alternately, between the wheels,
or towards the ends of the boats, The part of the boat below the wheel’s
axis, although contratted 6 inches in width, on each fide, as fig. 3, will
not only add confiderably ro the burthen, but afford the means of preferving,
the cargo from being injured by leakage : becaufe the ceiling of the, boat
being neceffarily raifcd above the thwart timbers, and a confiderable fpace
left between the ceiling and bottom plank.

ad. The increafed widch of the boat from 4 feet to 4 feet 6 inches, will
add both to the burthen and ftability of the boat, without any fenfible dif-
ference of expence in the Canal, as one foot more width, which requires
only a vertical fection of that width, will afford the neceflary increafe of
fpace to allow the boats to pafs each other, and the increafe of excavation:
of the Canal is comparatively nothl ng, becaufe the fides are common to
all widths of the fame depth; from which caufe, excepting where fubterra-
neous pavigation is requifite, there are no fufficient advantages arifing from
a very limited width; and, even under that predicament, if there be any
material length of carriage, either under ground, or fubfequently, it will
be eligible to keep, at leaft, to the width I have mentioned. :

The boats in the Duke of Bridgewater's works at Worfley, whére there
are fubterraneous Canals on different levels, are of this widtn. There zre
fome cafes in fhort fubterraneous Canals where 4 feet or lefs width of boat
may anfwer the purpofc. It may be frequently fo with iron, or other ores,*
and fometimes with coals, when fent forward in the fmall corves or boxes,
in which they are brought from the face of tht mine; as, in this inftance,
the boat would only be laden to a {mali depth, and the cargo not lie fo
high as to endanger its overturning,

3d. If
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Feet. dnches,

3d. If the boats be from 3 to 4 tirhes ag long as they are ) .
broad, their draught of water, when ﬁght, may 'bc - } Q &

Projetion of wheels below their bortom - o 2

Depth to be funk by their loading z 1 6

: Total 2 4
at which draught I have befare ftated, they may navigate over the fords
without danger of impediment.

Under the above predicaments, every § feet 4 inches length of boat
will carry a ton ; therefore, 4 tons may be carried in one of 21 feet 4 inches
length, and 3 tons in one of 16 feet ; which latter fize, as being lefs liable
to ftrain when refting on its wheels, and for other caufes will, in general,
have fuperior advantages.

In boats laden with coals, lime, iron ore, or other minerals, it will
evidently be a great convenience to empty them with equal facility as a
waggon ; which, particularly in fhort boats, may be cffeéted in the two
following ways : the boats, in both inftances, having their ends ceiled,
with-a flope of about 18.inches bafe to a foot in height. The Canal (in the
firft method that I fhall dcfcnbc) thuuld terminate above, and near to, the
place of difcharge, which, in this inftance, 1 will fuppofe to be a coal
ftaith. Atthe end of the Canal there may be adock juft entainimg a fet of
boats (which will be hereafter deferibed) or a gently afcending railway ; in
the latter cafe the boat may ealily be drawn out, by a horfe alting on a
two-fold purchafe, viz. by a rope artached to a polt clofe to the fide of the,
railway, and above the head of the flope, which rope being paffed through
a blogk hookéd to the head of the boat, and returning to a horfe harneffed
to ity upon the railway, will give power fufficient to raife the boat out, in
the fpace of 10 yards; the firft part of the afcent being fteep, on account
of the boat being waterborne.

If a dock be ufed, the waite of water will be fmall, as there will be no
defcent of the boat ; and the only difference will be, that the boats will be
more cafily runforward over the frame-way of the ftaich. When arrived

ar
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#ft. I propofe their wheels to Qe 12 or 14 inched diameter, and only to
projedt twn inches below the bortom. Thefe wheels muft, neceffarily, be
fheltered by the fides, not onl)v to avoid ftriking againit the banks, but
that the boats may not entangle with each other.—(Vide Plate IT).

This purpofe might have beeneffectedby means more implethan (hewn in
the plan, &c. were'it notfor the neceflity of attending to the vertical curvature
of the railway, which will project upwards, aleernately, between the wheels,
or towards the ends of the boats. The part of the boat below the wheel’s
axis, although contracted 6 inches in width, on cach fide, as fig. 3, will
not only add confliderably ro the burthen, but afford the means of preferving,
the cargo from being injured by leakage : becaufe the ceiling of the, boat
being necefarily raifed above the thwart timbers, and a confiderable fpace
left between the ceiling and bottom plank,

2d. The increafed width of the boat from 4 feet to 4 feer 6 inches, will
add both to the burthen and (ability of thé boat, without any fen(ible dif-
ference of expence in the Canal, as one foot more width, which requires
only a vertical feétion of that width, will afford the neceflary increafe of
{pace to allow the boats to pals each other, and the increafe of excavation
of the Canal is comparatively nothing, becavfe the fides are common to
all widths of the fame depth; from which caufe, excepting where fubterra-
neous navigation is requifite, there are no fufficient advantages arifing from
a very limited width; and, even under that predicament, if there be any
material length of carriage, either under ground, or fubfequently, it will
be eligible to keep, at leaft, to the width I have mentioned.

The boats in the Duke of Bridgewater’s works at Worfley, }vhéri: there
are fubterraneous Canals on different levels, are of this width. There are
fome cafes in fhort fubterrancous ‘Canals where 4 feet or lefs width of boat
may anfwer the purpof'c. It may be frequently fo with iron, or other ores,”
and fometimes with coals, when fent forward in the fmall corves or boxes,
in which they are brought from the face of the mine; as, in this inftance,,
the boat would only be laden to a fmali depth, and the cargo not lie fo
high as to endanger its gverturning,

3d. If‘
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i Feet. Inches,
3d. If the boats be from 3 to 4 tithes as long as they are ] . "
broad, their draught of water, when light, may Pc - 9
Projection of wheels below their bottom - & 3
Depth to be funk by ‘their loading - 1 6

Toral 2 4
at which draught Ihave before ftated, they may navigate over the fords
without danger of impediment.

Under the above predicaments, every § feet 4 inches length of boat
will carry a ton ; therefore, 4 tons may be carried in one of 21 feet 4 inches
length, and 3 tons in one of 16 feet ; which latter fize, as being lefs liable
to {train when refting on its wheels, and for other caufes will, i general,
have fuperior advantages.

In boats laden with coals, lime, iron ore, or other minerals, it will
evidently be a great convenience to empty them with equal facility as a
waggon ; which, particularly in fhort boats, may be effected in the two
following ways: the boats, in both inflances, having their ends ceiled,
withza flope of about 18.inches bafe to a foot in height. The Canal (in the
firt method that I fhall dcl’cnbe) fhould terminate above, and near to, the
place of difcharge, which, in this inftance, I will fuppofe to be a coal
ftaith. Atthe end of the Canal there may be adock juit containimg a fet of
boats (which will be hereafter defcribed) or a gently afcending railway ; in
the latter cafe the boat may eafily be drawn out, by a horfe acting on &
two-fold purchafe, viz. by a rope attached to a poft clofe to the fide of the
railway, and above the head of the flope, which rope being paffed through
a blogk hooked to the head of the boat, and returning to a horfe harnefled
1o it, upon the railway, will give power fufficient to raife the boat out, in
the fpace of 10 yards; the firft part of the afcent being fteep, on account
of the boat being warerborne.. '

Ifa dock be ufed, tl'n;: w_sﬁc of water will be {mall, as there will be no
defcent of the boat ; and the only difference will be, that the boats will be
more eafily run*forward over the frame-way of the ftaith, When arrived
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at. any place of difcharge (whether ypon the fieith, or into vefitls lying
below) the boat will have ¢ run upon a frame fufpended on two wudgeons
at half its length, a little bclow the centre of gravity of the loaded, and
above that of the light boat ; the frame (being fo contived that the boat
-on taking its pofition, becomes fecured in its place) will then readily be
turned up to fuch  pofition as will permit the contents of the beat to
fhoot out, and will, afterwards, be as readily torned back again, from the
pofition of the centre occalioning it to preponderate cach way alternately,

Where the coals, or other minerals, are not wanted to be occafionally
lodged in a ftaith, but to be only. turned over into larger vefitls, on a
greater navigation; a method pradtifed in a part of South Wales, with
{mall boats bringing iron ore from a drift out uf the mine, may be made
ufe of. It confifts in continuing the Canal (which may be a wooden trough)
to the place of difcharge, and terminating it on a ceiffon, fufpended on a
rranfverfe centre.  The boat. being arrived iff its place, the end of the
Canal is clofed by a ftop-gate; and the fmall quantity of water contained
in the caiffon, which the boar fhould as nearly as may be fill, being lec
out, the cafe, or frame, with the boat in it, may be turned over as alrcady
defcribed.

In the former method (which will be more generally ufeful) the boats
will, occafionally, have to fhoot their cargoes, in different places, on a
coal ftaith, or quay, and confequently will have to turn; thercfore, boats
of 16 feer length, which I have already faid will carry 3 tons each, cannot
conveniently be made ufe of; that circumftance may render it cligible, in’
many inftances, to have them fhorter, and of lefs burthen ; which, accord-
ing to the'fyftem I fhall proceed to lay down, will be attended with no dif~
advantage of moment.

* The 1arning of the frame muft bc limited to the extent nf this pofition, which, with
the end flope of the boat’s ceilihg, already mentioned, will be fusicient at litde more than
709 from the plaue of the horizon. The fides of the frame fhould fit clofe 1 the boat's gun-
wile, and rife fuficiently above iz, to prevent the matter it contains from runuing over its
fides when rufhing out of the boat, '

I have
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I have already mentioned the extreme difficulty of managing a train of
boats, when the wind blows ﬂrong, and alfo the great refiftance to their
paffuge through the water from the form of thclr ends, as well as the da-
mage done to the banks from the angles of the boats, which principally *
arifes from the corners plowing up the banks. To remedy this, for any
great extent, by any thing placed along the banks of the Canal, would be
worfe than the difeafe ; fome other mode muft therefore e “adopted.

The way, that occurs to me, is to conftrut and connect the boats, in
fuch a manner as to avoid cutting the banks, and likewife enable them ro
go fufficiently faft through the water, fo as to be capable of fteering, and
not to be driven by the wind on eirher bank, and, at the fame time, retain
the power’of being fent down the inclined planes without being feparated.

Two, three, or moge boats, according to their length and the fuddennefs
of the curvature of the Canal, may be firmly connetted, ene clofe behind
the other, foas to form one boat; and, by having a flight overhanging at
the end of each, they will, when on their wheels, bend to the convexity of
the upper purt of the rm]way, and being faftened near the gurrwalc at each
anglé on cither end, there is nd impediment to their equally fuiting the
concavity of the lower part. The boats, thos conneéted, would ftill oppofe
great refiftance to motion; and although, by giving the txtreme ones a
triangulir end (which wouold be the eaficft executed), the refiftance would
bt lefféned mearly as the § fines of the angles of incidence: yer other in~

* The damage arifing from the re@angular tranfverfe feftion of boats for inclined plancs
is confiderable, and ean only be remedied by incurring inconveniences in the conftruélion
of the boat; and mc"upa.bility of its fullaining itfelf un a frame without ftraining, unlefs
wncommon accuracy were attended to, im {uiting the boats bottoms and their cradles to each
other.

4 At firf in a greater ratio, afterwards in a lefs, according to the experiments of
Abbe Boffut.

If one leg of the ifofceles triangle forming the entrance, or end, of a boat be affumed as
radius, the refiftance would be as the {quare of the fines of the angle of incidence; but thea
the width of the boat would decreafe or increafe, as the fine is to radius; confequently, in
boats of equal width, the refult would be as the fine,

CONVENeEnces
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conveniences would enfue; asethe Bpats would Jbe attended with a grear
“lateral wave, tending to tear town the banks, and a reduction of burthen
equal to half the projeétion of the ends, which muft, of courfe;. be caun-
terbalanced by an increafe of length. I therefore recommend the ends of
cach fet of boats, to be formed like an obrufe pointed gothic arch, as
the dotted ‘lines in fig. II. place 11, where, by only an increafed length of
one foot, an cqual, or rather fuperior burthen to the fquare ended boats
will be obtained ; and thé refift: ce reduced, according to the experiments
of Admiral Chapman and Mpnf de Rommé, becaufe the half width of
the boat is only three fourths of the axes of the curve forming eich fide of
its end ; and, by their expeiiments, the refiftance is equal (under any pro-
portion of extreme width and fpace from thence to the ftem), whether the
fides for that extent form a curved water line, or ge 'ftraight dopward to
the ftem, and form two fides of a triangle.

According o the experiments tried at Greenland"Dock, by the Society
for the Improvement of Naval Archite@ure, the refiftance of a veffel with
femicircular ends, moving at the rate of eight feet per fecond, and 113
times as long as broad, was nearly . 78 of that of the fame veflel (or budy
compofed of logs of timber) with fquare ends. By thefe experiments,
and thofe tried at Verfailles by L’Abbé Bofiut, the chief advantdge is de-
rived from the form of the end moving foremoft : which will hold good
in all velocities with which boats can move on Canals ; and, as the pro~
pofed ends are formed of half fegments of circles, whofe axis, in the line
of the keel, is once and a third the greateft ordinate, or half width of the
boat, the refiftance fhould, according to the fines of the angles of incidence
of equal threads (or minute portions) of the width of the water intercept-
ed, be .go1 of the refiftance of a femicircular end, and therefore 702 of
that of a fquare * end, according to the experiments quoted, which nearly

agrees with the fines + of the angles of incidence on cqual and minute por-
tions of widch,

® This advantage, in the experiment quoted, would be partly derived from an cqual
sharpnefs in the after end, which will nor operate againft the prefent cafe, as each end of
every fet of boats fhould be fimilar for the purpofe of tracking either way.

t According to this theory the refiftance of a femicircular end proportioned to a fguare
enc is as . 7854 10 one, becaufe the fum of the natural fines of a quarter of a circle, taken
®n equal portions of its greatclt ordinate, infinitely near, muft obvioufly form its area. I
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In all experiments, the proportiqnate lengths of the retilinear part of
the bodies to their widths, and in*many inftances of the latter to their
depths immerfed, will produce different refults® therefore, until the cfeéts
of thefe and of other attendant circumftances be known, and introduced
into the formula, no theoretic refult can be perfeétly correct; but will give
more .or lefs than any particular experiment, unlefs where oppolite caufes
counterbalance each other; amongft which, frition on the fusfuce expofed to
the water, and the inequalities of that furface, are not the leaft confiderable.

DA CHIAPD.
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CHAP. 1V.

On the Metacentre or Axis of Motion of Veffels of a uniform Figure
throughout fheir Length, fhewing by feveral Theoretic Inflances to
what Height fuch Boafs may fafily carry their Cargoes. Alfo on the
Means of combining the Navigation of [mall and great Canals.

As canal veffels, efpecially the narrow ones, which are principally the
fubject of this Treatife, are generally of a uniform figure throughout their
length, or axis of motion ; except @ fhort fpace at each end, which, from
their great comparative length, conftitutes an inconfiderable portion of the
whole, I fhall confider them as fuch s as it not only fufficiently approxi-
mates the truth, but divelts the queftion of the intricacy rhat woulu other-
wife attend it.  This fubjec having been treated with great ability by Mr.
Atwood *, in the Philofophical Tranfuétions for 1796, 1 fhall occalionally
recur to hir, for the rules neceffary for inveftigating this matter? '

In all veflels there is, at every given depth to which they may De laden,
a certain altitude of the centre of gravity, at which the veflel will be on
an equilibrium of indifference whether to remain at reft, or move a greater
or leffer diftance round its axis of motioh ; which axis (in the line of the
vifiel's length) is ufually calied the Metacentre : confequently, if the cen-
tre of giavity of the veflel and cargo combined, lic above the meta-
centre, the veflel muft overtum; and, according to the diftance of the
centre of gravity below that point, the greater or lefs will be the ftability
of the veifel,, Its refiftance to overturning, if it be of a circular tranfverfe
I;célion, will be equal to the fine of the angle of heeling, multiplied into

* The Conftru&tion and Analyfis of Geometrical Proportions determining the Pofition
aflumed by H®mogeneal Bodies which floac freely, and at relt on a Fluid’s Surface ; alfo
determining the Stability of Ships, and of other Floating Bodies: by George Atwood,
Efg. F. R, §. .
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