[/3% )

the diftance berween the’ centre of gl-av:ty. and the metacentre * multiplied
by the wcrght of the veficl and cargo, which quft, confequently, increafe
ontil it arrive at its maximum at go°.

Alfo, in veflels of this form, the metacentre continues at the fame height
al_‘fove its bottom, at whatever depth the veffel may float; but, in polye
gons, the cafe is varied, and in the rectangular form very confiderably.

It is obvious, that no floating body can be naturally at reft, unlefs its
centre of gravity be fupported vertically by the centre of gravity of the
fluid difplaced ; or, in other words, of the part immeifed.

In a parellelopiped, or fquare beam of timber (fuppofed to be homoge-
neous), its centre of gravity will clearly be where its diagonals interfect
(vide plate 1. fig. 1L and IV.), and if its tranverfe feftion be equilateral,
it would, when floating on the water, obvioufly reft on an equable fupport,
cither on one fide, or with one angle downwards ; but yet, it will not re-
mam indifferently in either pofition; for, according to circumftances, one
of thefe pofitions would be what Mr. Atwood calls, « the equilibrium of
ftabitity, in which the folid floats, permanently, in a given pofition ;” and
the other wouldsbe ¢ the equilibrium of inftability, in which the folid,
although its centre of gravity and that of the part immerfed are in the
fame verticle line, fpontancoufly overfets, unlefs fuftained by external
force.”

When vefiels of a reftangular fection are ufed in Canals, they are necef-
farily to float on one fide, or face of the fquare; but Mr. Atwood has
clearly demonftrated, that in many inftances they have, when the,centre of
gravity is in the centre of the fquare, a tendency to overturn and float on
their angles; which fhews, thac under thefle predicaments, Mr, Fulton’s
boats of four feet width, could not carry their mean weight of boat and
cargo o high as two feet from the outfide of their bottoms ; even without

® When the tranfverfe fefion is a portion of a circle, the metacentre muft obvioully be
in the centre of that circle, becaule, a cylinder of hemogencous matrer, ﬁoﬂuug on its

fide, would reft indifferently with any part upwards,
E a any
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any allowance for the requifite refiftance, they fhobild be capable of making
to the weight of a man fteppjng on one “fide.

The following are, according to Mr. Atwood, the equilibria of ftability
of a fquare parallclopiped, whofe centre of gravity is in the centre of thc
Iquare, the full depth or one fide of the [quare being unity.

Pofition in which it would float perma-

Pofition of Body immerfed, nently,

1ft. |oto.2r1 and from .789 to 1 | With a flat furface horizontal.

§ [ The flat furface inclining, progref-
fively on fundry angles increaf-
ing to 26° 34 when correfpond-
ing with .25, at which time the
furface of the fuid will be coin=
cident with one of the angles..

2d, }.2171 t0 .25 -4

1 'Wir.h the diagonal lines in various
' angles with the vertical, until it
becomes upright at v in afcend-
ing from rx, and at 34 in defcend-
ing from 3%, at which, and &,
] | the angles are 18° 26",

2§ to .2813, Viz. ¥rto ¥r
3d. » and from .71877 to .75, <
ViZe ¥310 I,

From .2813 to .71877, wiz.{ ; ! \ :
- € With the diagonal line
4th. } fot'h 5 38 ith the diago vertical,

The laft mentioned depths obvioufly include all the proportions at
which narrow boats could conveniently fwim ; therefore, they will be the
lefs able to carry their burthens at any reafonable height-

Thefe different pofitions arife from two caufes; the one is, the natural
tendency that the centre of gravity of the whole mafs has to become as low
as poffible : and the other, the tendency which the centre of graviry of the

part
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part immerfed has, to become as hrgh as peffible ; which, confequently, in-
creafes the widthof the line of flotation, or the fupport on the water’s cdgc.

I have already thewn ®, that Mr. Fulton's boats of four feet width, will,
w:th the lading he mentions of four tons in 20 fect length, draw two feet
3; inches water; and the boat itlelf, without the wheels, which are of no
moment in this inveftigation, would draw ﬁx inches.

As the depth the boat would draw laden, bears the fame proportion ta
the width or fide of the fquare, as .§729 to 1. it falls under the 4th, or
lat predicament mentioned in the preceding table; and would naturally
overturn if the centre of gravity were as high as the point of interfection of
the fquake, viz. two feet from the bottom. With iron-ore, limeftone,
and other minerals, coals excepted, there can be no doubt of its carrying
its cargo fufficiently below the metacentre, or overturning point ; and, as
coals are effential to this fpecies of Navigation, I now proceed to inveftigate
how far it will carry the quantity eftimated.

Coals, although fpecifically heavier than water in genera), more than one-
fourth,’ yet, when broken, as ufinally fent from the mines, a ton weight
occupies a fpace of nearly §o t cubic feet; confequently, as 20 feet length
of boat is to carry four tons, or 200 cubic feet, it fullows, that each foot
" length muft require a fetion of 10 feet, which, divided by four feet, the
outfide width, leaves two feet fix inches; to which we have to add eighe
inches § for the proportionate quantity of matter the boat is compofed of 5
and the whole height will be three feet two inches: the centre of gravity of

* Vide Page 13,

t When i fleck, or fmall of the coals fill up the vacuities of the large pioces, lefs thap
45 cubic feet will weigh a ton ; bus it would be unfafe to calculate on this extreme.

.} Vide Page 12.
which
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which will be one foot feven jnches. admitting the beat itfclf and the
cargo to be ot equal fpecific weight

Another circumftance is, that unlefs the centre of gravity lie fufficiently
fow, boats of this form and depth, inftead of progreflively increafing their
refiitance as they heel, or incline to one fide, will at fome given point di-
minith it, W¢é have, howcvcr, only now to confider, how far a Canal
boat can be admirted with fafety to heel,-which I conceive to be about one-
tenth of its width (= ¢® 44’ 21”), which 1 fhall affume as a darum ; and
proceed, according to the method laid down by Mr. Atwood, to examine
how high the metacentre would be under this giving inclination ; and
whiit weizht the boat would bear upon its gunwale, with its centre of gra-
vity at the height of one foor feven inches from its bortom.”

Plate 1. figure V. A B CD fhews the {eétion of ,the boat defcribed;
which is bifected by the line x 6. w v is the line of flotation, or water-
line when upright, and drawing 2 feet 34 inches: ¢4 the water-line when
inclined 5° 44" 2.7 : g the centre of gravicy of boat and cargo at one foot
feven inches above the bottom.

The centre of gravity of the part immerfed in water, when the boat’s
bottom is horizontal, is clearly at the croffing of the diagonal lines w C and
% B, viz. at ¢, and whenever the boat heels, it muft turn on the point ¥ 1,
which is the middle of the line of flotation ; and on immerfing the triangle
b x v, it muft raife a fimilar triangle w x ¢ out of the water. Let a repre-
fent the centre § of gravity of the latter of thefe triangles, and & that of '

* According to the premifes afflumed, the fpecific gravity of the boat'is to that of the
cargo, as 48 1o 50, confequently, fufficiently near the fame. This fmaull difference will
be more than counterbalanced by the cargo being higher in the middle thanwut the fides ;
which, according to the height given, are but two feet ten, which is four inches fhort of the
eftimared prifmatic height,

t Any effeét in removing the centre of gravity arifing from the cadfe that may occafion
the heeling, not being taken into account a5 too inconfiderable.

1 The pofition of which will be two-thirds of thc difiance from ¥ along a line, bifelting
the face we, viz. two-thirds of x r,
the
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the other; then the diftance betwegn thefe points (which taken horizen-
tally, may in all fmall angles be affumed as § of the width of the boat)
will be the extent which the fupporting power of the triangle has moved ;
therefore, the centre of gravity immerfed will be removed horizontally
from a, fuch part of (32 inches) the horizontal diftance between 2 and 4,
as the quantity of the triangle is to the whole bulk immerfed, viz. as .603
i £0 27.5; or, as onefourth of the fpace b « is to the fpace v C, which in
the prefent inftance amounts to .7017 inches, and is exprefled by the line
! k—If from k a vertical line be drawn, it will at m, where it intevfects
the line » 6 (bifecting the boat) fhew the height at which the equilibrium
of indifference will be, under the given inclination, which, in this inftance,
will be at 7.017 inches above ¢, or the half draught of the boat; and
confequefitly, 20.767 above ® the bottom, viz. only 1.767 inches above
what has been ftated as the centre of gravity of the boat and cargn ; there-
fore, the fole powesthat the boat has to right itfcdf, is the fhort fpace
that g lies withinfide of the vertical line from the cenire of fupport £,
which, at the given angle of inchnation, is only one-tenth of the fpace m g,
viz. .1767 inches; on which the whole weight of the baat and cargo s,
as it were, fufpended from that length of arm projeting from the meta-
centre s, viz. on ¢ m, which is capable of fuftaining a weight upon the
gunwale D inverfely to the length m #=24.2n3 inches. The difpro-
portion between thefe is 142.6 to 1. and as the weight of the boat and
cargo is 102 cwt. the power capable of giving the inclination 5° 44" 21"
(the vertical depreffure of one tenth of the width of the boat) isonly .715
cwt. or lefs than half the weight of a man; confequently, Mr. Fulton's
and Dr. Anderfon’s boats are not fuited to carry coals to the extent men-
tioned; and if not fuited for coals ro - that extent, it is felf-evident they
are nor fuited for hight goods, for grain + or malt, or even for timber and
deals,

Not vertically, but in the bifefting line x 4, which is referred to throughout ; the boat,
as before ftared, drawing 2 feet 3 1-talf inches.

t The fpecific gravity of wheat in bulk is nearly that of coals, or from 46 to 5o cubic
fr.'elt to aton; but in bigs (as it mu be’in thofe boats) it wil ocepy more fpace ; tlie
other fpecies of grain are highter; oats are particularly fo, and imalt is uuder the fame
predicament, :

: It
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It muft alfo further be confidered,’ that no ar'ti.clcs, capable of damage
from #* water, could be fuffered to reft on the floor of thefe boats ; from
all which it follows, that fuch boats as I have recommended of 4 feet 6
inches width, are of the leaft breadth that a Canal for any general purpofes,
fhould be calculated for, in any fituation; and,” that the raifed ceiling, in
thefe boats, is ncceffary to afford a receptacle for leakage, or other water.

It alfo clearly follows, from thefe premifes, that boats defigned to dif-
charge their cargoes with floped ends for that purpofe, muft be of a ftill
greater- width ;  becaufe, carrying their cargoes higher :—That width,
without entering into calculation, 1 would propofe to be five feet, and the
boats 1o be made proportionably fhorter ; in which cafe, a greater num-
ber might be fixed together, to form what I (hall call a conjoined-boat ;
cither two or four of which, according to circumftances, may be tracked
by one horfe. If the Canal be remarkably ftraight, a greater number may
be conjoined ; and then only two fuch boats be drawn by one horfe at-
tached to a chock, or fhort maft, ftanding about one-third of the diftance
from ftem to ftern, of fuch conjoined boat as may go foremoft: to the
ftern of this, the ftem of the fecond conjunétion of boats being faftened,
a boy may fteer the whole by means of a pole fixed like a flat-lying bow-
{prit, tothe headmoft of the fecond fet, which will ferve as a tiller to fteer
the preceding one, the latter acting as a rudder 1.

But thould the Canal not admit of.a great length of boat, then, two fets,
as above defcribed, may be drawn by one horfe’; thefe two fets being con-
neéted not by their ends, which would prevent their being well fteered ;
but by a line communicating between two fhort mafls, one in the lateer
conjoined boat of the firft fet, and the other in the leading one of the
fecond fet (in the fame pofition as the maft in the firft conjoined boat),
which will give room for the fecond fet of boats to be fteered as well aa
the firft. In the narrow boats defcribed by Mr. Fulton, he does not feem

* Quick-lime is of courfe excluded.

4 This method is prattifed in Cambridgefhire and Lincolnfhiree
to
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to be aware of the refiltance * arifing frem friction through the water;
which, according to Mr. Atwood’s remarks on the experiments made by
order of tle Society for the improvement of Naval Architetture, amounts,
on wood planed very fmooth, to golb. on 258 fquare feet, when moving
at 8 feet per fecond; and, confequently, muft be confiderable on rough
fided boats, which all will fooner or later become.

In feveral inftances, it might be cligiblé to navigate thefe fmall boats in
long levels of exifling Canals on the large fcale ; and it may frequently be
done to advantage, by making the beats ncarly one half or one third of the
- width of the locks on fuch Canals; and each conjoined boat, either equal
to the’ whole length, or half length of the Lock, fo that the greateft ton-
nage poffible may pafs at one time +, It muft, however, be admitted, that

® Mr. Fulton, in Page 35, fays, that he hopes he has fhewn * that refiftance from thape,
¢ in low movements, is inconfiderable, and that the true priuciple of conveying goods
¢ cheap, when expedition is not required, isto move flow and take a quantity.”

That this principle to the extent he propofes, is ineligible, and not always pradicable,
I, think is fufficiently lear, from what has been faid of the neceflity of confiderable motian
through the water, to keep the boats off the fhore, or off the Canal Banks, which, to the
number of 10, 15, or 20, could by no means be kept right by one man with a boat-hook,
us fuggefted by Mr, Fulton, Page 38.

' The explanatory note he has given at the word quantity, is not relevant to what ought
to have been proved ; as the reafoning and mathematical deduétions there, are ouly appli-
cable to the refiltance of different velocities of one and the fame boat: aud not to difte-
rence of weight or quantity difperfed in numerous finall boats, in place of all, or 2 portion
of it, being placed in = fingle greater one, the truth of which will appear by adverting ta
whatis well known to be the cafe in fhips—veffels of fimilar forms, but of different dimen-
fions, will carry burthens proportionate to the cube of any of their dimenfions, viz, if
double iqﬁ;he'ir proportions, their burthen will be increafed eight-fold ; but the fails, wiich
form their moving power, will only be enlarged as the fquare of that proportion, of courfa
only fcur-fold: Yet the large veffels will move with equal or greater celerity than the
fmaller, therefore, a veffel of twice the width, &c. will anly require half the proportionate
force to give equal mation to the fame quantity of tonnige in the lefler veffcl, fo far as re-
lates to general principles: the réft depends on form, proportionate weight of the veffel it-
felf, quantity of furface, &c. as has been already noticed.

4+ It may fometimes be eligible to have 3 conjoined boats, each confifting of two parts, to
occupy the area of the Lock; ‘which would be attended with no material trouble, as it
would be eafy to feparate and conjoin the two parts of the middle boat.

F - thefe
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thefe boats ® thus joined; will be liable to accident from the fhock of the
preat boarts, as weil as much inconvenience from the agitation of a wide and’
deep + Canal, and alfo,sthat the boats would be very liable to become
leaky if they have far to travel on land, either from coal mines to the
Canal, or from the Canal to any particular place of conlumption : there¢-
fore, 1 conceive that in fome inftances, particularly in the conveyance of
minerals, it will be better to*have boats of g great length, fo conftruéted, as
to bave a double railway upon them, and to carry two paraliel ranges of
waggons ; a plan nearly fimilar has long fince been talked of ; but, excepting
on a fmall fcale as to magnitude of waggon, has, I believe, never been
carried into effeét, from the following caufts, viz, the difficulty of getting
the waggons in and out ; the danger of ftraining the boats in perferming
that operation, and the rifk of their being overfet in high winds, or from
other caufes.

The two firlt objections I propofe to remedy, by having a dock at the
place of loading and unloading, in which the boats fhould be laid aground 5
which may be done with very little lofs of water, as they fhould be uniform
in their dimenfions, flat bottomed I, and nearly filling the dock ; the bot-
tom of which fhould be fo high as juft to admit the laden boat to float
over it The boats being always laden and unladen in.a dry dock, it

® Ifthe boats be fo large as to go unconjoined, or with only one junélion, which may
be done on the plan of carriages under the boaws; then little inconvenience’or hazard will
arife from navigating the large Canals. But even in the plan of moving on carriages, the
boats are fo fhook in moving up and down the inclined planes as to become leaky: to re-
medy which, Iwould-propofe that the carriages, where the boats are large, fhould move on
eight wheels, four on each fide, and refting on two axes paffing through the middle of
parallel bars conneéting each pair of wheels; of courfe, the railwzy would be lefs liable to
injury, and the fhock from impediments would be reduced. The latter may be nearly ob»
viated by any fimple contrivance to fweep the rails, which may proje® from the carriage and,
precede the wheels.

4+ In fhallow Capals, the waves cannot rife fo high as in deep ones, or be fo far afunder.

1 Excepting a deep kesl to keep them from driving to k:nﬂll to receive which, there
mwlt be a groove in the floor of the dack,

follaws,
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follows, that they may have leaves at their ends to let down to any requi-
fite depth; which, when raifedup afdd fecured, may be kept tight by
the preflure of the water :—the fuftaining platform may, therefore, be on the
ceiling of the boats, which may be raifed by deep floor timbers, fo as to
fupport the boats fides, and raife the ceiling * above the light mark, both
for the purpofe of preventing the boats finking from the leakage of the
leaves, when not in ufe ; and to avoid unneceifary defcent and afcent for
the waggons to and from the docks, the railwayse at the end of which,
fhould coincide with thofe on the platform of the boats.

The tranfverfe fo&tion of thefe boats I propofe to be a portion of a poly~
gon, as carrying the metacentre higher than a fquare, and as being lefs lia~
ble tg cut down the fides of the Canal,

W.,g oons of feven feet (ix inches outfide Iéngth, fix feet outfide widch
at top, and four® feet depth, with their fides and ends contraled towards
their bottoms, contain a meafure (inclufive of the flt'!p at top) of 135 cube
feet, or a Newcaftle chalder +t of coals, which fhould weigh 53 cwt.; and
rating the waggon and wheels at 15 cwe. , each laden waggon will then

‘be 3.4 tons; confequently, 16 waggons, which will occupy a fpace of at
leall 6o feet length and 12 feet widch, will weigh §4.4 tons. . The boat for
this pdrpole, 1 propofe to have floping ends. fo far contrafted as jult to
admit the paffage of the waggons, and to be of 64 feet average length, 1r
feet width of bottom, 14 feet on the gunwalé, and 4 feet height from the
bottom of the boat, to the gunwale, as by the fe€ion in Figure I, Plate

111

' » Which fould be cavlked and made tight.

4+ 1hall form my deduélions from waggons of this mexfure, as being the ftandard of the
great ebal country ; and equally capable of being reduced to other mieafures, as any other

proportion I might have aflumed.

t The waggons with heavy wheels of vpwards of three feet dizmeter, weigh above a ton,
but may be reduced to the weight fated, or lefs.

F a2 The
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The light draught of the boat may be lefs than vo inches, but'l will af-
fume it to be brought to that depth by ballaft betWeen the timbers :—
the breadth, on the water's edge, will then be 11 feet 72 inches, and the
feCtion immerfed will be g.427 fuperficial feet. The cargo as afore-men-
tioned will be 544 tons, which multiplicd by 36, the cube feet of water
in a ton, and divided by 64, the length in feet of the boat will give 30.6*
feer for the feétion the boat has to be deprefled, which will require an in-
creafed draught of nearly 2 feet 4% inches, or in all 3 feer 27 inches, but
{fay 3 feet 3 inches.

Admitting the pyramidal heap of coals on the top of the waggon to be
equal to an additional height of four inches on the width of its bafe 2 2,
the centre of gravity of the middle part of the waggon (of three feet bafe)
allowing the top and bottom to be of equal length §, will be at two feet two
inches ; and by the two triangular prifms (each of 18 inches bafe), it will
be moved nearly 3 inches higher, viz. to 2 feet § inches above its bottom,
which will be about 3 inches above the centre of its wheels ; and calling the
wheels 2 féet diameter, the centre of gravity will be raifed 3 feet 8 inches
above the fupporting rail ; which, according‘tn the plan, being 1 foot §
inches above the boat’s bottom, makes the elevation of the centre of gra-
vity of the lading to be at 4 feet 1 inch. The centre of gravity of the
boat will depend on the proportionate timbering of its bottom and fides,
and the iron or ftone ballaft it may have in to {ink it to 10 inches; and if I

® Let s exprefs the feCtion to be immerfed, viz. 50.6 fup. feet,
3 a=the width of light flotation, viz. 11,625 feet. |
x==the increafed depth fought.

'Then, as the boats fides ovflrhh.ng each of them J of their height, the equation will ftand

thus, 3 ax-{-l%-':: ¢ and the refalt willbe x =/ & ;4 ;z ad=—4 aT2,408.
ey 3

+ They generally are not fo, but were I to make any other calculation, it would only
be on a particular inftance, and the weight and pofition of the wheels mu# afterwards have
to be accounted for : 1 therefore, fhall calculate as above, and leave the wheels and axle-
trces as a counterbalance for the deficiency of the length of botwom, which they will in ge<

meral be fully equal to,
affume
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affume it at 18 inches from.the bottom, it will be more than fufficiently
high. The mean ceatre of gravity will confequently lie between 18 and
49 iv hes, in the inverfe proportion between g.427 and 30.6, (the propor=-
tionare magnitudes of boat .nd cargn), which will fix it at 41.§5 inches,
Thg centre of gravity of the Lulk immerfed will be fo much above the
half draught of water, 1g.5, 1s the two triangles w p B and v ¢ C. (Plare
IIT. #ig. 1s) whofe centre of giavity is arthe height of 26 inchés, (viz. 3 of
the dradght of water) will, in thuir ratio to the whole bulk raife the com-
mon centre, viz. as 132 + o 59:.6.5:: 2 0of 39:,,648*, which, added
to 19.5, Wil} give 20.148 inches for the mean centre of gravity of the pare
immerfe. T thall in this boat, the fame as in the preceding one, admit
the utinoft extent of heeling t be §° 44’ 21*; but the mode of finding the
refult, will e fomewhar inore complicated than in the former operation,
becaule of the diffi miarity ofthe trianglis formed by the interfe€lion of the
two lines of fotaton, apd the cenfequent inftabiliry of the point of inter-
fe&ion, which, in vefiels of parallel fided fection at the water’s edge,
throughout the extent of heeling, remain uniformly the fame.

The deviation from the preceding rules, will eafily be explained by
having recourfe to the disgram Fig. ITl. Plate IIL. in which A B I A is
the tranfverfe fe@ion of a veflel with lireight overhanging fides; and ¢ is
the point of interfe@ion where the fides would meei, it prolonged down-
wards,—x ¢ is a line bifecting the angle of junflion of the boats fides: and
w v, is the line of fHortation at right a,nglc:: with ¥ ¢, when the boat 15, of
courle, upright.—c & is a line parallel to the lineof flotation, en the boat
having heeled any given quantity equal to the £ bx v. This line pafies
through the middle of the level line of flotation, but cannot be the true
pofition of the inciined line ; becaufe the quantity of water difplaced on the
fide heeled towards, and left unoccupied on the other, mult of necellity be
cqual ; and tht triangle & v ¥, is obvioufly larger than the triaugle wx ¢, :—

® .Viz. As the width of the boats bottom 4 the overhanging of one fide on the line of
flotation, is to the diiterence between the two centres of gravity (viz. 26.—19.5) fo s the
value of the two triangles (which, as they are equal, is exprefled by the bafe of one of them)

to the refult,
therefore,
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therefore, the real line of Aotation will be mawed fo far downwards, to-
wards o, (fay to C H) as fo equmlize the two triangles, w X C, and
H'X v.—To find the precifé pofition of this line we have the following
data—The triangle, C ¢ H muft be.equal in area to the triangle, w ¢ v,
becaufe the triangle, H X v, is equal to the, triangle, w X C,: and the
4 A g p being common to both the great triangles in qucﬁion, the reltan-

gle C g x gHmuft be equal to w ¢ x gv; viz. towg[ as ‘both thefe
lines are equal. Thefe circumftances, combined With all the angles being
given, lead to the following operation.

Let w p be drawn parallel to the inclined line of flotation ; on which line
w p, let fall the perpendicular v s, the value of which will be the fine of the
angle of heeling, the level line of flotation being radius =z & will be the
fine complement of that angle. The angle s v p is equal to the 's.nglé of
overhanging of the boats fide + the angle of heeling (viz.= , xgv 4 ¢sw
v) and v s being affumed as radius, s p will be the tangent of the angle
mentioned, and v p its fecant: confequently, all the {ides of the triangle
w v p are attainable ; and the tridngle H X v being fimilar in fpecies, its
fides will alfo be determinable from the data premifed.

Let a reprefent the line ¥ ¢ or g v

b g9
d . WP
g — w v, the level line of flotation.
> ~¢H
u . Cq

Wethen have thc following cquauons and proportions & y=ga*.'x =
d’ @

X

b
Ase:u::b:y-.-a;=5u=—f-fmd y3y =5 a confequently y =

¥ fay =m.
Then'
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Then as 3-a:g:: m-a :3‘;:;':-?-;-‘-2= line X w; which will give the pofi-
tion of the interfection of the lines of flotation. The value of g H having
been acquired, that of C H the inclined line of flotation follows of courfe.
The Yines X Hand v S wili L attainable, by the fimilar proportions of the

S A
two triangles p wv and H X v as above ftated; and X H x E—g— will give

the area of the triangle immerfed by heeling ¥, The mean centres of gras
vity of the triangles immerfed and raifed out of the water (viz. 2 and 4)
will, according to well known principles, be at two thirds of the diftance
from X along the lines X r and X #;. thefe lines bifecting the oppofite
faces of their refpective triangles; then C H (the inclined line of flotation)
being affumed to be horizontal, the horizontal fpace between s and i will.
obvioufly be a mean between the lines C Sand w n: and as S [ and s

are equal, it will therefore be a mean between C H and w 5 confequently
CH+ws,

the horizontal removal of the triangle of immerfion will be —_ ViZ.

the inclined line of Aotation + the level line of flotation X ™. S. Ct, of 1:__ut
3

heeline, (rad. L)

« The level line of flotation of the boat in queftion being 13:4375 feet,
and the angle of heeling 5° 44° 21%; the area of the triangle in queftion
will be, aceording to the preceding deduétions, 2.26728 fuperficial feet,
anckits horizontal removal 107.5398 inches. The confequent lateral re-
moval of the immerfed centre of gravity will be 6.0915 inches, viz, as
40.027 feet, the feftion of the boat immerfed when laden : 107,54 inches,.
the horizontal removal of the triangle of immerfion; : : 2.2673 feet, the
magnizude of the triangle immerfed by heeling : 6. 915 inches, the lateral
removal of the immerfed centre of gravity, which, divided by .1, (the na-
tural fine of §° 44’ 21" when radius is 1.) will raife the metacentre 60.915

® The angle of heeling in the diagram (Jfiz. 1L plare II1.) is 12°, which is more than
double what I have fuppofed 10 take place in Canal boats, und is draws of :hat magnitude

su muke the explanatory lines more feparate and diftinéi.
inches
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‘inches above, 20.148, the héight of the centre of gravity immerfed, and
fix it at 81.063 above thebottom of the boat, viz. 39,513 inches above the
centre of gravity of the boat and cargo, which will give a power of refift-
ance equal to 71.15 tons upon an arm of lever of 3.9513 inches, viz. a
ratio of 281,13 tons ant inches; a refifting force far fuperior to wHat is
needful, and, confequently, the boat cannot ever heel fo far.

According to the rules for upright fided boats, the volume of the triangle
immerfed would be the line of level flotation % N. Tt £ of heeling, (rac.1.)
8 e
= 2.26835 feet. ‘The fpace of removal, at two thirds of the widch of level
of flotation, would be 107.5 inches; which, multiplicd by the fum pre-
ceding, gives a ratio of 243.847 in fuperficial feet and linear inches, The
ratio, according to the method above proceeded on is 243.823 : therefore,
under fmall overhanging of the boats fide, the opération may be fhortened
for all practical purpofts, by adopting throughour the fame rules as for up~
right fided boats.

The power that was mentioned as neceffury to be guarded again(t is that
of the wind, To judge of that extent of ir, under which the boat may be
navigated, with the wind on one fide, the befl criterion will be drawn from
what falls under univerful obfervation, I have found from different expe..
riments, that wisd mills generally begin to reef their fails ; and fhips clofe-
hauled to reef their topfails, when the wind blows with an impulfe of two
pound on a fuperficial foor; and under fuch preflure it is pretty clear, that
a flat boat oppofing an extend~d furface to a fide wind, could not be kept
off the leeward bank, withour greater head-way than' is ufually given by
track horfes ; confequently, no further refiftance of moment has to be
guarded againft.

The height of the waggons when the boat has heeled 5° 44" 21% will
be lefs than 6 fect above the water’s furface. The whole range of them will
be 60 feet long, and, admitting the projeétion of the ends of the boat to be
equal to the vacancics in the lower part of the waggons, we have 60 x 6 x 2,
viz, a force of 720lbs, alting on anr average height of 3 feet above the.

waters
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waters furfacc. The reffiting pomt will bg nearly half the dravght of water
of the boat, which, if it have twelve inches d | pth of keel, will be a litele
more than 2 feet below the furface : confrqucntl} the above  force woull
alt with an arm of lever of 6o inches, and be equal to awratio in inches and
Ppunds of 43200. viz. 19.285 tons and inches, which, compared with the
refiing power, is upwards of 14 to 1. therefore, from any other cauf but
that of avoiding the being blown athore, there is nothing matcnal to prevent
the dcck being raifed nearcr the laden water line, -

As variou: cafes will arife different from thofe I have affumed, 1 fhall
cogclude with giving a theorem on the equipoife of ftability, coincident
with the rules inveftigared by theoretic authofs on Naval Architeélure,
and fuffisicntly felf-evident to need no demonftration.

Let s reprefent the natural fine of the angle that may be hecled, radius
being 1.

d the diftance between the centre of gravity of the boat and cargo and
the metacentre = line g m, fig. V. plate 1.

ww the weight of the boat and cargo,

Thefe combined, viz. 54w will form the refifting power to overturning.

Let p reprefent the quantity or preffure of the power tending to overturn
the boat, or to keep it in equipoife in any pofition,

b the arm of lever with which it alts.

Then we have the equation of s 4 = p b. from which the value of any
one of the requilites to a flate of equipoife may be found, where the reft
are given. |

< CHAP.
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CHAP. V.

On the Apﬂ:'ca}ioa of Wheel Boats and Inchined Planes to Collieries. and .
Inflances in which that Syflem may be improved,

THE ufual method, in the great coal countries, is to lay waggon or rail-
ways from the different pits leading to one general way, which terminates
at the river or navigation, where the coals are to be difcharged : fome -of
which railways are in Northumberland and Durham, from 6 to 10 miles in
length.

The mode that thould be adopted muft depend on the diftance the article
has to be conveyed to the main river or navigation; and on the form or

_pofition of the intervening ground, which I thall clafs under the three fol-
lowing general heads,

1ft. Planes nearly horizontal, or with moderate declivity, and without
valleys.

ad, Gently declining countries, with deep valleys leading to the river or
navigation, taking off the coal.

3d. Mountainous countries.

In the firft inftance, if the horizontal line point towards the place of dif-
charge, a Canal of fome fpecies is clearly eligible, if the length require it:
'but, if the courfe of difcharge be in the line of gentle declivity, a railway
would generally be the beft. 1In the fecond inflance, viz. of deep valleys ;
it is fufficiently plain, that fome part of the bottom: of the vale would be
a proper place for difcharging the water of the colliery by a drift, which

y would
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would either reduce the lift of the watet, or lay the colliery quite dry:
In cither inftances, particularly the latter ®, the drift may, as obferved in a
preceding Chapter, be made navigable for boats of about four + feet width,
fuitable to the batkets or boxes, in which the coal may be brought from
the face of the works, und be continued as a Canal along the fide of the
vale,, until it attain the level of the fat country. Then, if the diftance to
the yiver or navigation be fhort, or otherwife unfavourable for rhe contie
nuance of the fmall boats, they may difcharge. their contents to be led away
in waggons. But if, by defcending to the bottom of the vale, a confider.
able length of level can be obtained in a proper direction, an inclined plane
for the boats may then he advifeable.

In'th; 3d inftancé, that of a mountainous country ; there, generaily, will
be fufficient difference of elevation on a regular acclivity, tranfver{¢ to the
line of Canal to obt#in long levels: If otherwife, a rail-way will clearly be

the beft.

' If a Canal be refolved on#in any of thefe inftances, it will become a
matter of enquiry, what mode of it fhould be addpted : but, previoufly to
the difcuffion of this point, I will confider how far wheel-boats may be
made ufe of under-ground.

In the great coal mincs of Worfeley, there are Canals on three differ-
ent levels. The firlt is on the level leading all the way to Manchefter,
which branches to the right and left in every feam of coal that it paffes
through : in each of which, by means of drifts at. regular diftances, the

coals ase brought down the declivity of the feamsfiiie boats.

® Ir this; the nav_igation would, of courfe, be continued through the level of every feam
of coal interfected.

. Boats of this width will frequendy be fuficient if the coals be brought out in boxes or
bafkets faiced to the land conveyance in the mines. The bafksts, if circular, are in moft
phuéuﬂed Corves, and when fquare, or if with {ledge bottoms, their name is more local,

G 1 From
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It is obvious, that the diftance® which the coals may be brought down,
will progreflively become fo great as to be attended with material expence :
From this caufe, the Duke of Bridgewater has fouud it convenient to run
other levels through his coals at a height confiderrbly fuperior to the tun-,
nel from the Manchefter Canul, which interfcés all his feams, and from
which other Canals branch, as already obferved.

The higher Canal where it croffes the main tunnel, has a pit communi-
cating with the fide of it, down which the coals are fent from the upper to
the lower boats, and by their defcent raife a proportionate quantity of lime=~
ftone up another pitro the furface of the ground. The charge of the oper-
ation is not great; but the frequent delay atrendant upon this method, is
fuch, as may render it eligible in fome inftances to convey the boats them-
felves from the upper to the lower Canal*; and in all fitvations where the
dip or fall of the fam is fufficiently great, for the weight of the laden
boats to overcome friction and other impediments to drawing the light ones
up, 1 conceive the fyftem of inclined planes and wheels under the boats
might be adopted with advantage. It may likewife fometimes be fo, where
the navigation through the coals is below the principal level ; but, in both
cafes, if the coals have to be drawn up a pit, it will frequently be better
to communicate between each Canaband the pit, by a navigable ftone
drift ; the propriety of which muft be determined by the probable coft of
the drift, and the quantity of coals that would have to pafs through it.

Parallel Canals along the feam of coals, if eafily executed, would be eli-
gible every 2 or joo yards, at leaft, and would require {0 many drifts or
tunnels to the pit. "'*mrc diftant tunnels would become long and ex-
penfive ; therefore, if ‘depth of the pit and the feeders of water be not
'very confiderable, it is obwious, that new pits fhould be funk to correfpond
with every Canal, or every other ane, according to circumftances. -If the
inclination of the feam be moderate, and it be not eligible to fink more
pits than one, it will be advifcable to fink deep enough to correfpond with

"® They were Taft year preparing to do this, by cutting an inclined plane tbruugh the
flone and other firata, which I am informed is now completed,

the
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the furtheft propofed Canal through she cdal, and to run a navigable tun-
nel to interfect it. The intervening Canals thtough the coul, may coin-
municate with this tunnel, where they crofs it by pits, down which the
coals may be lowered to other boats. This may be rapidly done by pro-
per machinery, as the bafkets * or boxes will only have to be lifted above
the fides of the upper boats : but, where the quantity is very great, it may
often be advifeable to form fteep inclined planes for wheel-boats, taking
care, of courle, that the extremities be fufficiently horizontal.

I by no means defign to infer, that fubterraneous Canals are proper in
all collicrics. Thole, whofe beds of coal lic near'y horizontal, and are
much troublcd with dykcs or fiffures, raifing or deprefling the Rrata on
each fide, *and have, at the fame t'ne, bur one workahle feam are under
the worft predicaments; as the re-obtaining of the level of the Canal, in
the coal, on croflingea dyke, would bz actended with a comparatively
great length of frone drift, and no opportunity afforded of (triking into any
other feam, brought nearly to the fame level, by the rife or fall of the
firata on the other fide.  Alfo, in colileries favourably. circumitanced for
the formation of Canals through their feams, they can only be eligible
where thofe Canals communicate with fome other navigation, as at Worfe-
ley ; or their depth below the furface, or other caufes, prevent the pro-
priey of having pits near to each, other. The ineligibility of many pits
in deep collieries, particularly where the water is to be drawn a great heghr,
is often fuch, as to render fubrerranzous Canals eligible, under a confidera-
ble degree of the unfavourable predicaments mentioned,

As the Duke of Bridgewater is the parent of Canals in thefe kingdoms,
and the country ftands highly indebted to him, I fhall draw another ex-
ample from his collierics, to explain how the coals are raifed from the
feams below the level of his great drift or tunnel, that communicates with
the traniverfe branches,

Thefe bafkets or boxes being the fame as the coals are firft filled into at the face of the
workings, unlefs, from local circumftances they be very {mall, and then it may be cligibla
1o fhoot them into larger boxes as at Worfeley. =~

c
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. "The boats in the lower Candl contain a number of fquare boxes exactly
filling them acrofs, and flanding ‘clofe to each other. The coak being
filled into thefe boxes, the boats are then brought under a pit funk from
the fide of the main tunnel from the Manchefter Canal; to which, by
means of water tubs defcending from the fiirface of the ground to that
tunnel, the cpal boxes are drawn, and are then placed in other boats to
convey, them away. ‘

In diftrifts where the coals are not conveyed out of the mines by drifts
as above-mentioned, but up coal pits to the furface, and have to go from
thence a confiderable diftance ; they may either be filled at the mouth of
the pits into wheel-boats and fent forward, as already defcribed by {mall
Canuls to the coal-laith or main navigation: or they may be fent in
waggons to be placed on the decks of boats—Likewife, whenever coals in
large quantitics, lime, lime-ftone, or ather mineralsy have to be conveyed
along Canals where there is a fcarcity of water, it will be cligible where it
can be done, to overlap the levels in a fteep place, and communicate them
by an inclined * plgne for boats, or a double rail-way for waggons, leaving
the lock communication to anfwer all the general purpofes of commerce,
and to occupy as thort a fpace as it can. But, where there is no aid of
exifling Canals, and circumftances are favoyrable for long levels, I think,
that in place of whecl-boats from every pit, which would inevitably, in a
fhort time become leaky, it would be betrer to make ufe of waggons to go
into fmall boats, in a fingle range, and for one horfe to draw a couple of
them. The points then to be artended to, will be, that the boats oceupy
as little width of Canal as may be, without being liable to overturn, or to
draw too much water for fords,

. Confonant to thcib requifites, a boat of 6 feet 6 inches width of bottom,
and 3 feet 6 inches height, with each fide omerbmgmg tliree quarters of its
vcrucal heighg, to the extent of two feet abovc r.hc. ‘bottom, and then

® This may be eligible where branch Canals on the ﬁn-.ll feale bring ina great qmmttty
of carriage ; but if otherwile, and there be a gencral fearcity of water not to be #Femedied

by refervoirs, then the methods of Mr, Weldon or M Rowland, or fimilar plans, mutt be
reforted to.

curving
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curving upwards {o as to®make the full width only 10 feet 6 inches, will
be found fuitable ; as at 36 feet length (excluﬁvc of the ends) it will carry
4 chalder waggons, at nearly 2 feet 3% inches draught of water,

T propofe two of thefe beats to be drawn by one horfe; and ftecred by a
fhort fteer-beam, fixed as already defcribed.  If both ends of the boats be
fquare, they muft be kept fo far afunder as to admit of formlng a fufficient
angle in fteering,

The fole alteration of the waggons from thofe defcribed before, is, that
I propofe their wheels to be 1§ inches, in place of two feet diameter ; and
the height of their bodies 3 fect 6 inches, inplace of 4 feet: which defi-
ciency ofsheight will be compenfated.by making the bottom one foot
wider than the former, and nearly of the fame length as the top, which
will enly require an additional fet of falling leaves at the bottom.—Thefe
waggons, admitting the raifed heap of coals to average fix inches above
them, will carry their centre of gravity (with the fame allowance as to
wheels, &c. as in the preceding eftimate) at two feet one inch above their
bottom ; which being three inches above the axis of their wheels (of 18
inches diameter and treading 15 inches above the boats bottom) fixes the
centre of gravity of the _cargo at 4 feet 4, 0or 52 inches.

The boat may dr:f;-ll,fl but will be affumed to draw g inches water :
its width of fotation wxﬁ ihen be-7 feet 73 inches, and the weight of cne
waggon, of 68 Cwt., n:ﬂ:mg on g feet length, will fink it; as already ob-
Terved, to nearly 2 feet 5 inches.

The centre of gravity of the hoat will be nearly at 15 inches from its
bottom, fo that the difference between the two centres, will be (§2—15)
=37 inches. Their proportionate gravities, accordmg to the premifts,
will be ;.28 and 13.6, fo that.the mean centre of gravity will be raifed
6.6 inches and be at 41.65 inches from the bottom. At 2’feec 31 inches
draught, the laden width of flotation will, in the form deferibed, (vide
piate H1. figure 2) be nearly g feet 10, or 118 inches; which, according

to the approximate method of proceeding, defcribed in the preceding chap-
- fer,
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ter, will, on heeling 5° 44" 21" r;ul'c on one fide,'and immerfe on the other,
a triangle of 1.2146 fuperficial feet, and remove its centre of gravity 78 3
inches. which will remove the centre of gravity of the whole maf:, of the
fetion 18.88 fuperficial feet, 5.060 inches laterally, and fix the metacentre
at 0.6 inches above the centre of gravity immerfed : which, according to
the rules alpeady explained, will be nearly at 14.7 inches ; and, confequent~
ly, the metacgntre 2t 65.1 above the bottom, and 23.45 above the centre
of gravity of the ‘baat and cargo, which is above all refiftance that can be
required. However, as, from the narrownefs of the boat's bottom, it may
have the appearance thit it will be otherwife when it is light; 1 fhall alfo
inveftigate the circumftances of it in that cafe.

The light waggons being affumed, as before, at. 15 cwt. ;- and octupy-
ing g feet length, their fe€tion of fupport in the water will be 3* fuperfi-
cial fuet, the increafed depth 4.55 inches; and the baat’s line of flotation
98.325 inches (correfponding with 13.55 inches 'Elfaught.)—Thcn, ad-
mitting the centre of gravity of the light waggons to be 2 feet 4 inches
above their tread, or 3 feet 7 inches above the bottom, which is full as high
as it ought to be ; and taking, as before, the boat’s centre of gravity to be
1§ inches, there will be a difference of 28 inches, which proportioned ac-
cording to their mafis, will fix the mean centre at 25,145 inches above the
bottom. The centre of gravity immerfed is acem;ding to the premifes, at
7.036 inches, and the effect of heeling §° 44 ag g according to the cal-
culation for boats with overhanging fides, reg _'d.t 651472 % m‘hcs la-
terally, fo as to fix the metacentre at 72. 1824 nches above the boat's bot-
tom ; and confequently 47.0372 inches above the centre of gravity of the
boar and cargo: therefore, there will be a weight of 8.28 cubic feet of wa-
ter on an arm of lever of 470372 inches = 2434. Ibs, and inches §, on
every foot length, to refift any overturning force; and as the waggons in

*® That of the light boat is 5.28, and confequently the whole is 8.28.
+ Triangle immerfed .8290g8 removed 65.061, a3 8.28 : 65,0617 : 829098 : 6:51472;

1 470372 X 8.28 x 62l (the weight in 1bs. of a gube foot of water = 2434 Ibs and
inches. N. B. Where the weight bas been calculated i in tons, 36 cabiic feet of water bave
been affumed as a ton in place of 36.84.



( 57 )

the light boat will, when teeling, be*s fect above the water’s furface, angd
the half depth will then be about 1o inches i there will, with a wind of
two pounds to the fuperficial foot, (admitting the waggons to occupy the
whole length) be an overturning fo:ce of 10ibs. X 40 inches, = 4- olbs. and
inches, which will leave a {pmare refifting force of 20341bs. and inches; equal,
as the top width of the boat is 10 feet 6 inches and the line, m n, 59.66
inches, to a weight on the gunwale of 34lbs. onevery foot in’ length, which
is more than there ever need be, and confequently no impediment can arife,
if the bout be kept going with fufficient velocity to prevent it from being
driven alhore to leward.

According to the method of calculation purfued for vpright-fided-boats
of the famg width of flotation line, the triangle immerfed would have been
8434, and the f(pace removed 65.c5, which would raife the meracentre
above the centre of immerfion necarly % part more than true calculation,
viz. 1.622 inches; wi?ich, where there is much room to fpare, as in the
prefent and preceding inftance, would be of little moment: but, where the
metacentre barely rifes above the conjoint centre of gravity of boar and
cargo, the difference, under large angles of overhanging of the boat’s fides,
will be material.

In figures 1 and 2 of plare 111. M. G and E (hew the pofitions of the
metacentre, combined centres of gravity of boat and cargo, and centres of
gravity of the part immerfed, when the boats are laden, and under the
given inclination : and m, g and ¢, fig. 2, fhew the fame pofitions when the
waggons of fig. 4 (of which, fig. 2, is the profile) are empty. Whence it ap-
pears that o # is the arm of lever, with which the weight of the boat and
waggons refifts sny overturning force; and m » (which is equal to the fection
of the angle of heeling, the half width of the boat being radius,—the fine of
the angle of heeling, the vertical * height of the metacentre above the de-

® This vertical height is the fine complement of the angle of hecling, when the radiv
b ' i
is the difference (on the bifecting line of the boat) between the metacentre and tlie heigin
of the boat’s gunwales + the fine of the angiz of heeling, the half widih being radius.

In pradtical inftances, the admcafurement on the linc # 7 on the jgure, or diagram, miy
fuperfede the calculation,

H preficd
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preffedt gunwale being radius) isehe abm, with which any weight upon the
gunwale would act,

As the boats, No. 1 and 2, are propofed to reft with their cargoes in
docks, they are neceffarily flat bottomed, and the flat part fhould at leaft
exrend as wide as the railways of the waggons, that they may have a firm
fupport. The form of fig. 2 is calculated for a limited depth, in a narrow
Canal ; and fo as not to cut its banks, and may be imprbvcd by fwclliﬁg out
the ftreight part of the fide in a gentle curve.  Fig. 1 admits of being con-
fiderably fo by adopting the curved form of the fides fhewn by the dotced
lines ; which, by leflening the injury to the Canal-banks, would more than
compenfate any greater expence there may be in conftructing the boat, or
in obtaining proper knee timbers of that form, The cafual injury to the
banks from particular forms of boats, although of no immediate moment to
the boat owner, is of material confequence to the Canal proprietors, and
deferving of attention in their bye-laws.

To enter into a difcuffion of the correét methods of obtaining the depths
of immerfion, the lines of flotation, and metacentres under thofe forms,
would be unneceffary ; as the geader will clearly fee, from the preceding
examples, approximate methods of obtaining them fufficiently near for all
practical purpofes. :

Thefe boats, as already defcribed, fhould be laden and delivered in a
dock, nearly of their form: the bottom of the dock, to prevent-accidents
from flones being thrown in, may confift of a number of tranverfe ribs,
fufficient to fupport the boat; and with cavaties between them. The
fame circumftance fhould, of gourfe, be attended to in the dock for the
large boats.

It has already been fuggefted, that the ends of the boats may be of leaves
to be let down : which, being fo narrow as only to admit the wheels to
pafs, will be no way unmanageable ; and, in boats carrying two ranges &f
waggons, fhould confilt of two parts, viz. a feparate * leaf for each range:

® Itis fcarcely neceflury to fay that they muft fhut againft a lining of bend-leather, or of

coarfe woollen, or other compreflible fubflance, to keep them waser tight. 4
and,
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. " - - .
and, they need only be at one end, unlef8 the inconvenience of turning
the boat be deemed of moment.

_As thofe fingle ranged boats are propofed, principally, for the ufe of
collieries, and for the faviné of railways, which are not only expenfive in the
firft conftruétion, but even in their maintenance; it remaips to be confi-
dered how far the propofed Navagation will come within, proper bounds as
to charge. '

This muft depend on the nature of the country, which I have fufficiently
claffed, and defcribed. The dimenfions of the Canal need be no deeper
than for the wheel-boats, viz. 3 feet 6 inches in clear water, and 2 feet
6 inches dver the paved fords: but, it will require to be § feet broader in
the bottom than eftimated for thofe boats, viz. to be 14 feet at the bottom
and 24 feet 6 inches en the water’s furface in place of g feet, and 19 feet
6 inches, The difference of expence will be inconfiderable. Each run-
ning yard of level cucting will contain 7% cubic yards of carth, which at 4d.
would only be equal to 2s. 6d.; to which is to be added the track-road,
highway bridges, tunnels, &c. &c.; all of which will depend on local cir-
cumftances : but, in favorable fituations, will coft lefs than a double railway
of timber only, and not require nearly the repairs, and be attended with the
advantage of a horfe drawing 8 large waggons in place of one,

H 2 CHAP.
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'CHAP. VL

On the application of Inclined Planes to the Great Rivers of America,

or on the Continent of Europe, with Obfervations on the Navigation of
Rivers and Lakes.

(GREAT rivers, in their natural ftate, are moft of them unnavigable in
dry feafons for any confiderable extent, through want of fufficient depth
of water in the rapids; and if navigated from their mouths to their head
branches, they frequently ufe different vefiels, as in the Ohio, for the con-
veyance of the fame cargo in different diftricts of the river, according to
the depth of water, the gentlenefs or rapldny of the Zurrent, and the means
of advancing againft it,

In the higher diftrifts, many of thofe vefiels would be fuited for paffing
on carriages, up or down inclined planes ; and might, with propriety, be
transferred by fuch conveyance to different levels of canal, fo as eventu-
ally to pafs through any gap of the Allegany Mountains, or of any other
ridge, feparating rivers of contrary courfes; but, in the rivers themfelves,
inclined plancs will very feldom be advifeable, particularly in thofe that
rife 15 or 20 feet or upwards, The banks of fuch rivers would not often,
without great expence, admit of a guard Lock aid Canal from the head of -
a fall, to fuch ciflance downwards, as to place the head of the inclined
plane out of the reach of the floods. The inclined plane navigation in
rivers would always be dependent on Locks, to the extent of the rife of
floods ; and at thofe periods the rifg uncovered below the Locks would, in
fmall f:lls be trivial, if any thing at all, and attendant with all the trouble
of pafling great heights. The expence of their conflruction would, like-
wife, be nearly the fame. In rapids, the declivity would, in general, be
too gentle to ufe the inclined planes in dry feafons, without the aid of a

long
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long collateral Canal : and the quantity of defcent would moftly be too
inconfiderable to render the ufe of thofe plancs cligible.  Thervfore, they
would yurely be fuicable in rapids, and nevef in fmdll falls. In the large
falls they can fildom be advifeable, but in the higher parts of the rivers,
where only canves or batteaux are ufed. The Cohoes fall, near the mouth
of the Mohawk, may be-an exception on account of the general rapidity of

the gver,

The falls of the Potowmack, above Wathington, differ from the pre-
ceding inftance, in their occupying a confiderable length of the river, in
place of being precipitous, like the Cohoes, which is 75 feer perpendici-
lar; and in the Potowmack, being fuited for much larger veficls than the
MohawR,

The great falls pf the Potowmack are 14 miles above the City of
Wafhington, and defcend 72 féet in one and a half miles length of the
river. The lictle falls defeend nearly 37 feet in about two miles lergth,
and are four miles above the City. In the yeir 1794, there were fix Locks
building to.pafs the upper falls, and three to pafs the lower *,

The length occripied by falls, will not, imply in itfe!f, militare againft
inclined planes, becaufe there are many inftances where a Canal, on one
lev:]l, may be continued from the head of a feries of [mall falls, toa feep
declivity ar their terminatisn, where the whole fall may be obtrined at
once ; but in general, it will be found lefs expenfive to adopr different
levels, fhited to different portions of the fall, to which the Locks may alfo

be fuited.

Inclingd planes, according to fome of the methods mentioned in the firft

Chaprer, and explained in the fubfequent one, may be applicable to veficls
of 15 or 20 tons, but would not, I think, be eligible where there is plenty
of water, and proper fituations for Locks and their intervening ponds: as

* Obfervations on the river Potowmack and City of Wathington, publifhed at New York,

in 1794.
Locks
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Locks on an economical plan, and complete in their effential parts, might
(where materials are at hand, as they’ gencrally are in fuch ftuations)
be built on falls not cxceed'mg 3o or 40 feet, at as little expence as a
double inclined plane and its apparatus ; and with fuch boats would, in all
cafes, be attended with lefs hazard, In lower *falls, if even precipitous,
Locks and their Canals would be the lefs expenfive of the two methods.—
In great falls, a8 already implied, much will depend on the length of river
occupied by the fall, and the circumftances of its adjacent fhore.

In general, in great rivers, where partial contraction will not give depth
in the places wanting it, or the current is too rapid to be navigated againft,
Locks have decidedly the advantage.

It not being the defign of this effuy to difcufs how far Rivers or Canals
are preferable to each other, I fhall confine myfelf to a few general obfer-
vations.

Rivers, with fimilar declivities and impediments, and of equal magni-
tude as to the quantity of water paffed to the {éain the courfe of the year,
may be efientially different as to the duration of time they may be navi-
gable. If fupplied from great lakes, their navigation will be more uni-
form and more fuited for boats afcending, than if more immediately effeét-
ed by rains, Much alfo depends on the foil, the fuperior ftrara, and the
declivity of the adjacent country, as to the abforbtion and flow tran{miffion
of incidental rains,

In fuch great Continental rivers as huve not the aid of lakes to equalize
the paffing off of the {treams that fall into them, the winter's fnow in cold
climates, anfwer, to a material extent, the fame end; as, in the courfe of
theirdiflolving, they give a confiderable duration to the navigable pericd,
which fo far as it may be thorter than it would be with the intervention of
lakes, i®counterbalanced by an increafe of depth; which, in fome inftances, '
is of more moment than longer duration.  In warm climates, the fame end
is produced by the length of the periodical rains.

When
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When a country is thiﬁly inhabitgd, and the objeéts are few, or not va-
luable, or capable of floating themfelves, any tgmporary water conveyance
is of moment ; although only pracicable in frefhes or after the melting of
the fnow. As population and commerce increafe, it becomes advifeable
to remove fuch -impedime'r‘its, in thofe rivers, as are cafily effe€ted, and,
then, if the chief part of the conveyance be downwards, and no cataracts in
the way; and timber to build temporary veflels be conyenient, and labor
not high, the principal objeéts are attained, as is the cafe on the Duna, and
on the Rufs ; where hemp, flax, &c. are brought down on rafts of fir tim-~
ber, and in temporary vefltls of 2 or 305 tons burthen, all which come
down in the flooded feafon.

Thefe Veffels are flat bottomed, and flightly conftruted for ihe paffage®
down only; being afterwards broken up for fire wood, or any purpofe.
For thofe objects thg Navigution deferibed is prefereable to any other that
is attainable ; as the current of the river effeéts, what would require the
aid of many horfes in the Navigation of a Canal, exclufive of the charge
requifite to reimburfe the expence of forming it, which circumftances more
than counterbalance the conveyance againft the ftream of a comparatively
{mall quantity. ‘The incenveniences of that conveyance, depend on the
duration of the dry feafons ; the magnitude of the boat which the river will
admit of, and the means of advancing againft the ftresm. A flrong and
favorable wind is undoubtedly preferable to all other means ; but, in gene-
ral, is too uncertain.  Ofthe remaining methods, hauling is the beft, bui it
requires a fhore free from trees and buthes, and fufficient depth of water at
no great diftance : poling, or fetting, which cannot be done where there ig
much depth of water, is the next, and rowing is the worftt of all : yet,
even under the laft predicament, the Navigation againft the ftrong current
of the Miffiffippi, from New Orleans to the mouth of the Iilinois, a dif-
tance of about 1200 miles by the courfe of the river, and near to 700 in a'di-

Where rivers are of fufficient depth, as from the lower part of the Illinois down the
Miffiflippi, fea veflels may be built, and difpofed of with their cargoes, as has been in con-
templation,

+ With the fiream it is clearly the befh
ret



( 634 )

re@Mine, was performed* by the Erench tradess in little more than ten
weeks, with twenty oared boats carrylng 20 tons, confequently, admitting
30 men to be a proper crew for one of thefe boats ; which would allow the
people, during the-day, to row two hours and reft one ; the expence of con-
veyance (the boat excluded)would be rqual toabout 105 days wages of one
man, for conveying a ton of goods the diftanice of 700 miles, or one days
wages for nearly 7 miles, in a dire& line; which, in the ufual circuit of Ca-
nals, may be cﬂi_t"natcd at about g miles.  This, at the rate of wages in a
populous country ; and fuch a country only could afford Canals, would be
fully as cheap, even upwards, as boatage and Canal ducs, Downwards, the
advantage is decidedly great, as the paffage would be performed in about a
fourth of the time, and with veflels of greater magnitude. Thus, it clearly
follows that, in point of polilicul economy, extenfive rivers are,generally,
far preferable to artificial Navigations ; and all that is left for man to' do, is
to endeavour to remove the obftacles in them, or to pafs thofe impediments
by Canals and Locks fuited to the fpecies of boats thit the river admits of ;
but, rowards the fources of thefe rivers, where they beconie fmall, and have
many rapids, the time will probubly arrive, when the temporary Navigation
they are capable of, will not be equal to the wants of the country; and
collateral Canals will be requifite, At this period, the land will have be-
come valuable : it will, therefore, be advifeable, in a rifing country, to lay
out thofe lines approximately on its.firft fettlement; referving a proper
width for them, in the original grant of the lands, with power to exchange
the land of that line, for any other found more convenientyon a full invefti-
gation; and, thus, avoid all the difficukties attendant on thofe meafures in
England.

The general preference that I have given to great' rivers over artificial
Navigations, will by no means univerfally hold, of which many inftances
might be adduced.

The river St. Lawrence, from Montreal to Kingfton at the entrance of
Lake Ontario; is about 160 miles; eight leagues of which is widely ex-

* Vide Captain Harry Gordon’s Journal, in Appendix to Governor Pownal’s Topogra-
phic Defcription of America,

I panded,
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panded, and forms Lake 8t. Francis, whege the current of water, if any at
all, muft be trivial. The upper patt’ of the river is gentle; but the re-
maining diftance of nearly 100 miles, is 2 feries of rapids *, which makes
the Navigation difficult, even with batteaux carrying 3§ to 40 cwt. The
paflage depends partly on she wind on Lake Francis, which frequently de-
lays the batteaux for feveral days. The whole paffage, from Montreal to
Kingflon, is fometimes performed in g days, or in lefs time, but is, gene-
rally, from 2 to 3 weeks, or upwards, o that they do not average 10 miles
a day, and thar with great labour, generally with 8 men poling againft the
ftream; and occafionly, as in other fimilar rivers, getting into the
water, and hauling the battcaux over the fhoals. They often perform the
voyage downwards in 3 or 4 days; but, on account of the danger of run-
ning againft rocks or ftones with the great velocity they defcend with, they
only carry about half the lading which they take upwards,

The freight up, is, as I am informed, generally 16s. per barrel of 280lb.,
equal to 61. 8s. per ton for the whole diftance, or gid. per ton per mile:
confequently as dear as land carriage in fome parts of England. In this
inftance, the utility of a Canal becomes obvious; notwithftanding the St.
1 awrence has the advantage of iffuing from great lakes.

Upwards, from Port Kingfton, packets, or fea vellels, of 2 to 300 tons
or more, ‘navigate Lake Ontario: and, obvioufly, can carry articles much
cheaper than batteaux, or canoes, which are ill-fuited to large lakes ; unicfs
fheltered from the wind, by the fhore or by iflands. There are, however,
rhary inftances where imperfeét Navigations admitting of difpatch, are pre-
ferable to others, much cheaper, that are attendant with delay, which arifes
from the fame psinciple, that land carriage, by waggons, is preferable to
fea conveyance ; and the more expenfive carriage of articles, by coaches,
preferable td either : but this can only take place in articles of high valut.
On this principle, canoes of birch bark, carrying from 3 to 4 tons in pack-
ages of 80 or 100lbs. weight, are navigated, by about 14 men, from Mon-
treal to Machilimakinac, frequently in 1§ days, afcending from Montreal

® Heére and throughout this work; I include rifts (or {mall falls navigable for canoes or

battesux) under the general denomination of rapids.
I up
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ujr the Outawa, carrying the cargo an'! canoe pift the fide of fEveral fteep
falls on that river, and ovey the carrying place from it to lake Nipifling,
through which, and down the French river, they proceed to ‘lake Huron,
and along its north fhore to Machilimakinac. The whole of this diftance
is nearly 60o Englifh miles, and clearly provef that falls and portages are
impediments far inferior to long continued rapids, The ridges of rocks,
which form the ﬁ}lls, penn up the water above them, and anfwer, naturally,
the fame purpofe as Locks and Weirs, in ftilling the current, and giving,
depth of water, which Governor Pownal has juftly obferved in his Topo-
graphic account of America.

With articles of fuch high value as furs, that have alfo to be collected i
different rivers, and confequently, with the goods fent to purcHafe them,
the line of navigation defcribed would probably be eligible, if even a fhip
communication were open between lakes Ontario and Erie,

In mixed navigations, where Lakes, Rivers, or Canals alternate with
cach other, and where the lakes are fo finall as not to admit of the expence
and delay of tranfhipping the cargoes at each end, the commerce will be
beft carried on in boats that are not too large for rowing, particularly
where there are any narrow paffes among fhoals, through which fuch veffels
as the river would otherwife admit of, could not turn to windward, and
where towing paths could not be conftructed. In thefe cafes, boats inca-
pable of rowing, would often be fo long delayed by contrary winds, as to-
add more charge on the tonnage conveyed, than would take place in boats
of 10 to 20 tons, capable of both rowing and failing; exclufive of the de-
cided advantage arifing from fuperior expedition, and from the lefs delay
in lading and delivering, particularly if the cargo have to be colletted in
different packages. But, where the quantity of commerce is great, and’
thé articles bulky, then, wherever pra&xcablc, it will be advifeable to pas
fuch lakes by a collateral Canal,

The



( 67 )

The Czar, Peter the G'reaq, fet a'ixrail'c"worthy example in the Canal of
Ladoga, through which there paffed in the yeas 1778*, four thoufand nine
hundred and twenty-feven veffels, which, through the large lake of La-
goda would have been attended with grear danger and delay, particalarly
as the vefels are, from the nature of the upper Navigation of the rivers,
and other caufes, ill fuited for the paffage thtough fuch a lake.

Having given my fentiments againft inclined l;lnnes, on the great falls in
the lower parts of rivers, on the foundation, principally, of changing the
article of conveyance, we may now examine their eligibility where a necef-
fity of that change takes place.

A communication between the lakes Ontario and Erie, for the fhipping
that navigate thofe Takes would be higlly defireable ; as then, the fame
veflels might navigat® the lakes Michigan, Huron, Erie, and Ontario t—
but the height ot the cataraét of Niagara 1, and the fall and continued ex--
tent of the rapids are fuch, as to preclude at this period, the idea of fuch a
navigation : thercfore, as tranfhipping is requifite, and great falls are fuited
to inclined planes, that fyftem, as being attended with dlipdtch and {mall
cxpence, appears fo far to be favourable,

Deficiency of loral knowledge muft prevent a decifive opinion on what
meafures oight to be adopted; but I can fearcely hefitate to fay, that
wheel-boats would be ineligible even there, becaufe of their incapability of

»carrying many of the articles wanted to be transferred, and their being to-
tally unfuitable to enter the Streights of Niagara : confequently, if inclined
planes be there preferable to other methods, it muft be on the plan of con-

* Travels through Sweden, Ruffia, Dgnmark, &c. by W. Coxe, F.R.S, Bince that
period, I fuppofe, the number has confiderably increafed.

+ + The fall of Niagara is about 240 fect, and, inclufive of the rapids immediately above,
and for about three leagues below, is fuppofed to be more than4oo feet, Were it fimply
like the falls of St. Mary, feparating lake Superior from lake Huron, the magnicude of the
obje in the prefent ftate of population, would protably warrant fuch au usdertaking as @

pavigation for fhips,
Iz VEPING
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veying upon carriages; boats of & or Ip tons, more or lefs ® ; whether the
upper termination be at the end of the prefent portage above the great
rapids, or extended fo far collateral to the fwift running firear, as to
make the fubfequent navigation perfeCtly eafy to fhips. 1In the firlt pre-
. dicament, it is clear, that after the goods have ‘once been placed in boats
to go upwards, and brought fo the end of the Canal and head of the
rapids, it muft be more eligible to take the boats forward by the (ide of the
ftream where it is weak, than to permit the fhips to come down to where.
they could not depart without a ftrong and favourable gale ; and the prin-
cipal trade, as to bulk being downward, it is clearly the beft to fend the
articles down ftream without the fhips.

In the remaining predicament of continuing the €anal to near the
entrance of lake Erie, to fome port or place where fhips might lie clofe
to wharfs, dividing them from a bafon at the head of the Canal, the wheel-
boats in queftion would, as already faid, not be eligible, through their in-
capacity of taking in feveral of the articles, and their being ill-fuited to the:
conveyance of many of the others.

® Probably lefi in the firft inflance flated, and more in the latters

CHAP.
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CHAP. VII

Defeription of the Internal Navigation of China, with Remaris on its
Principles, and fx.crtbgr Obfervations on Rivers and Inclined Plancs.

Sir George Staunton’s acconnt of the travels of the late Britith Em-
baffy in China, affording an ample defcription of the artificinl navigations
of that Empire, which lays claim to a longer and more uninterrupted period
of civilization, than any other nation of the globe : I prefume a few com-
ments on the fkill they have attained in overcoming afcent and defcent, the
great difficulties in that art, will not be unacceptable even if attended with
no inftruttion. I fhall, therefore, avail myfelf of the information given
in the account of the Embafy, and draw from thence fuch conclufions as

it may warrant,

The Chinefe, in their interior navigations, appear to have exercifed lefs
of the inventive than the imitative powers; ‘as all their gjtempts in that ufe-
ful {cience, amount to nothing more than a fervile imitation of Nature, in
the navigation fhe affords upon thofe rivers, where the quantity of water is-
Tuch as to give depth, notwithftanding the inclined pofition of cheir furface.
Where that inclination is {mall, they have obferved that both depth and
width of furface may be combined, but that where it is grear, the one of
thefe muft ceafe to be extenfive ; and where from natural caufes,. the width
has dore fo, a navigable depth has fti)l been retained, notwithftanding the
rapidity with which the water runs off : they have alfo obferved, that thofe
rapids, even when contrafted, are not navigable in dry feafons ip the
fmaller rivers, which naturally fuggefted the idea of preventing the wafte
of waterwhen not immediately wanted for the paffage of boats ; from
whence arofc the plan mentioned in 4th article of the 1t Chapter of this

WOorks
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work, *which the Chinefe have purfued as well, as the Europcans, pro-
bably without either copying from the other.

~ On thefe principles, they have invented their juftly famous Canal, which,
running through an extent of upwards of §co miles, conjoined with the
aid of natural rivers, gives, with the exception of one carrying place, an
interior mavigation nearly from _the-North to the South of the Empire,
through an extent of upwards of 16° of Latitude,-viz. from Tong-{chvo-foo
within 12 miles of Pekin, to Canton, the great mmrt for their foreign com-

merce.

To effect this purpofe, it was only requifite to unite the Yun-leang-
ho, or Eu-ho, with the river Yangtfe-Kiang, a‘diftance of aboutl 350 geo-
graphic miles in a direct line, which the comparatively flat ftate of the
intervening country ealily admitted of; as the fall from the fummit, either
way, did not exceed 1;11:1{ of many navigable rivers® On this principle,
they contrived to feparate the river Luen-ho, which running from the
Eaftward from a higher level than the fummit of the Pafs, they divided
into two diftinét channels, the onc running North to the Eu-ho, and the
other South to fuch part of the Yellow River as had fufficient ¢levation to
admit an artificial branch from it, to difcharge part of its waters into the
river Kiang 3 from whence,, as already mentioned, they had a natural navi-
gation ro Canton, with the exceptionsof one carrying place. Here the
artificial navigation®or the great purpofe of traverfing the Empire ended ;
but, as the river Kiang had fufficient elevation at this place to admit of a
new channel to the head of the arm of the fea Weft of Tchuzen, at Hang-
tchou-fno, on thc river Chen- tang-chmnd *, within the flow of the tides

which,

* The termination of the Canal is in the Pe-hoo, a fmall lake adjoinipg the town and
river, which forms a bafon for the veffels; which are exceedingly numerous here and
throughout, and exceed all ideas that could have been reafenahly forn__ud.- They are, in-
deed, confined to the navigetion of the Canmgl and Rivers it communicates with to .the
North, there being no navigable conneftion between the bafon and the Id]mnmg Tiver,
(probably from the fall being tao great to be conquered by th;u- flood-gates) u.nd sonfe-
quently, Hang-choo-foo has become a great Emporium. ;
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which, from this placc for 6o rmlcg downwards to where it joins the fea is
of fuch expanded width beyond Its natural Lhannel, as rather to deferve:
the name of an arm of tht. fea, as I have a]rcady terined it.  T'his great
width, combined with its cxtenfive fhoals, has apparently induced the
patient and induftrious Chinefe, to conftruét a Canal nearly collateral to it,
to a fmaller river, foas to give them a more certain and fafe communica-
tion with Tchufin, which lies in an ifland forming wigh others a [afe har-
bour, a little without the entrance of this inlet of the fea, -

The extenfion of the Canal to Hang-tchoo-foo, has alfo =fforded them
an opportunity of avoiding the great lake Poyang, about fixty miles in
length, through which the ufual route’to Canton lics, which, fo far as boats
are ufed as a mode of travelling, and probably for other purpofes they
found eligible to do: although, at the expence of a Portage between the
heads of the Chen-fang-chiang and Quang-fin-ho, which larter difcharges
into the lake Poyang, but communicates by artificial channels with the
Kan-kiang-ho, near its difcharge into that lake, which difembogues itfelf
into the river Kiang, and adds confiderably to its magnitude, although its
courfe is upwards of 2000 miles.

The Kan-kiang—h'o is then to be navigated for 300 miles, moftly againft
a ftrong current, to the foot of a ridge of mountaius, {eparating it about 3o
geographic miles, in a direct line from the navigable part of the river Pe-

kiang, which runsthrough 266 miles to Canton,

Thefe rivers were navigated in their higher, or fhallower parts by the
Embafly, in lightly-conftru&ted covered barges, defcribed in one place to
be fharp built at the ends, fat-bottomed, about 12 feet broad, and 7q,fect
in length s they failed well, ufed cotton fails, and drew very little watcr,
and, with'a brifk and favourable breeze, made no inconfiderable pmgreis.

In the carriage of grain from the Yun-leang-ho, or grain-bearing-river to Tong-fchoo-
foo mear Pekin, there is fuppefed to be at lealt 1000 Junks employed ; each containing *
fifty inbabitants, the boatmen living ia them with their families, Befides which, an im-
menfe number of other veflels, cqual at leaft in population, are employed in other com-
merce,

again(t
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agzainft the ftream without the aid of trackers.  The trackers to each barge,
it appears, were genevally about 15 men relicved alternately. 1n fome
parts of the river Chen-tang-chiang, the peafants were employed to deepen
a chaonel through the fhoals, although the bdrges drew lefs than a foot
water, which is not unufual in- European rivers inedry feafons.

In almoft all the rivers as they defcended to deeper water, they changed
from thefe light barges to.junis, which alfo navigated the Grand Canal ;
and when they afcended the rivers to where they became fhallow, they again
quitted the junks for light barges, which latter they ufed throughout their
navigation of the Chen-tang-chiang, the whole cour{ of which above Han-
choo-foo, where they embarked upon it, does not exceed 200 miles,—
Thefe junks contained two tier or ranges of APATtMeEnts, were confequently
heavier and drew more water, but it does not appear that they uftd more
trackers to them than 18 or 20: whence it follows, thar thefe rivers have,
fortunately for the Chinefe, but moderate falls. It has, *indeed, appeared to
the Embafly, that the river Kan-kiang * has an aver:ge fall of 20 fect per
mile, which is very far beyond what it can pofiibly have, according to the
circumftances of its navigation, With thofe not aftually experienced in
improving the snavigation of rivers, fuch an opinion was niot unlikely to
take place, and no way leflons the general merit of thc information on this
fubje&, which appears to be collected with attention, and is diffufely fcat-
tered through various parts of the work, to which the reader muft be re-
ferred, as I fhall only extraét fuch parts as arc¢ immediately neceffary for
my purpofe. I fhall, however, previoufly make fome further obfervations
on the fall of mwigablc rivers, as it involves the circumftances afcent and
defcent, and is thr.rcforc perfeétly canfonant with the purpofe of this Trea-
tife.

® The Yang-tfe-Kiang (called by abbreviation the Kiang) below the lake Poyang to the
fea, 2 diftance of 300 miles, is fuppofed by Sir George Staunton to have 1000 feet fal,
This river, where entered, and l?ft by the Canal, was about two miles wide, witha current
not exceeding two miles ao hour(in the ftrongeft part; and much decper than {the Yellow
River, which was not more than) g or 10 feet deep in the middle of its fream,

In
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In Major Rennell’s inerefting agéountof the river Ganges and Barrom-
pooter, he informs us, that «-a fection of the ground, in length 60 miles
« parallel to one of the branches of the Ganges, was taken by order of
¢« Mr. Haftings, and found to have about g inches defcent per mile in a
* ftraighe line ; but, the Wmdmgs of the rivers were fo great, as to reduce
¢ it to lefs than 4 inches per mile.” This appears to have been in the
dry months, and where the mean width of the Ganges was  of = mile, its
mean depth between 15 and 20 feet, and its velocity fomewhat le(s than 3
miles an hour. This noble river is navigable for an extent of 1355 miles,
with. vefiels from the fize of a wherry, up to 580 tons; but thofc of 30 to
§0 tons are accounted the moft eligible, and are tracked agaiaft the ftream
fo as to advance along the fhore about a mile and an half per hour,

The river Amazon, which, with its branches, affords by far the moft
extenfive interior ndvigation in the world, has, according to the barome-
tric obfervations of Monf. de la Condamine, ftill lefs defcent below where
its current is undifturbed by rapids; and runs with as great, if not a greater
velocity than the Ganges, the ve]omty in many places being upwards of 5
miles an hour. :

Although thefe velocities are beyond the medium of what the yatches and
barges of the Embaffy could be tracked * with their number of men; and
they alfo mult, from their being in fhallow rivers, have kept generally in
the full ftream, which is not the. cafe in large rivers; yet, I do not mean
50 mﬁ:r, that the Kan-klang-ho had no more fall than the Ganges or Ama-

zonl

® The aul.hor has ‘obferved 2 boat of light conftrution with only 14 tons lading, of &
feet width of fRoor, abous 10 feet width of water line, and §o feet extreme length, «draw-
ing 2 feet 3 inches water, and fharp at the ends, dragged againft a ftream whofe velocity
was 5 4 Englifh miles an hour ; and, although there were 28 trackers, befides three men in
the boat poling it on, it only advanced at the rate of } of a mile an hour. The channel
was not materially contradted in-cither widih or depth of water way, in proportion to the
fe&ion of the boat, which would of courfe have added to the refiftance.

K The
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The fall of rivers upon the fane lergsh of channely and under fintilar
velocity of current, will, 1 conceive, depend on the finuofity of their
courfe, the uniformity of their feCtions, the want of depth, and the retar-
dation or friftion the water mects with from the nature of the channel.
The number of bends in fimilar inftances in any given diftance, Major
Rennell very juftly obferves, ¢ depends on the magnitude or width of the .
 ftream.” One of half the width is capable of taking twice the number
of meanders : Thefe, by the perpetual refleétion of the courfe of the river,
deftroy much ef its original impetus; and, confequently, through an equal
length of channel it requires a gyeater declivicy than' & ftraighe river to
eontinue the fame velocity. Diverfity of fe®tion alfo operares the fame
way ; as wherever it increafes, the water neceffarily diminifhes its yelocity
nearly in a fimilar ratio, and has to re-acquire i where again contraéted ;

which, confequently, requires & farther &ilfnﬁimnt. to regenerate the dif-
ference of velocity.

The third and laft cawfes ¥ have me-ntmncd, are the want of depth and.
nature of the bottom. Want of depth, with even.a fmooth bottom, oc-
cafions confiderable frikion to the (heet of water immediately fuperindu-
cing it, which communicates a portion of it to the next, and fo forward,
as to retard the whole fenfibly to a confiderable extent® ; as may be feen
in the borders of all rivers, which confequently proves,. that want of width.
likewife retards the current. That want of depth does b, is clearly fhown
by the water of the inundations over the Delta of the Ganges (over which
the boats navigate againft the ftream) {carcely exceeding -half a- mile an:
hour, whilft the mean motion of the Ganges at that period, mmldlﬁ'mﬂing:
its meandring, is ﬁ'om 5 to 6 miles an hour.

The circumftance of progreflive rcnrdaﬁan of the mafs- of water by
thallowne{s of channel, is. further promdbythedlm.ﬂrmofdu

.*® This extent will be gmurhihdhwrimo. thn:ndupdne‘n mﬂlemﬁofwmr

above is equally opesajive in preventing that retardation by itn¥rikion, and were it not fo,.

& larger portion of the light matvers would be found in the fubfirats of iflands or bordering:
grounds, formed by. the depofit of rivers. :



{ 73 )

iflands of the Ganges (and in all ther rivers where iflands are formed by
depofits) being progreflively of particles lef8 denfe as they approach the
fummit. Although lighter and heavier matters are afloat or commixed in
.the water on the firft compencement of its depofites; yet only the moft denfe
<an fubfide, the force of the ftream being fuperior to the refiltance of the
others ; but, as that force dealines, lighter and lighter matters are capable
of refting until it finithes with vegetable {oil or the lighteft particles, which,
as obferved by Majer Rennell, will hold their place nearefil the furface of
the water.

In fhallow water, the nature of the bottom operates very importantly :
For inflance, where rocks are ftanding in* the ftream, but fufficiently wide
afunder to leave a navigable paflfage, they fo far return back the current
of the water, that 1 hawve known, in depths of 4 or § feet, a velocity of
not more than §: iles an hour, with a fall exceeding the rate of 20 feet
per mile ; but this was only in falls of abour 2 feet to 2 feet 6 in one con-
tinued extent, and with deep and wide pools between, under which predi-
cament boats may, with great force of trackers, (far beyond what the
Embafly had) navigake againt an avesage falkof 10 fect per mile.

.&nothcr caufc of setardation of current is wecds, which in the latter pase
of the fummer, when the water would otherwife be low, give in many
rivers with a full of 2 to 3 feet in a mile, a depth of about 2 feet 6 witha
general velocity of lefs than a mile an hour. From what has been faid, it
appeass that, in rivers of long courfe, the original impetus is of inferiar
moment ; aad that it is of little confequence at a diftance fram the poiat
of outlet, whether the navigable part of a river commences from a lake,
er immediately helow a rapid torrent, as its effect would be nearly loft in
the Grft expanded fe@ion of the river, and, admitting a uniformity of chan-
nel, it would peogreively be reduced in fome rano, inverfely, to what
2 head of water fufficicnt vo gencrate a velocity. equal to the firft impetus,
would, bear to sqy-fulloquent dofcent of the river combined with that head,
which would foon rmdnr thuﬁ‘cét of that i impesas mﬁgmﬁcant.

Ka - I fhall
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I thall Aow refume the information to oe defived from the travels of the
Embaflador and his retinue, ifi their route from Pekin.

The Embafly embarked on the river Pei-ho, at Tong-{choo-foo; about:
12 miles from Pekin, in covered barges of about 70 feet length, and 1%
feet width, and bnly about 10 inches draught of water, with their paffen-
gers, and fuch portion of their bag ggage as they took on board. The river
was then become fo low as to caufe the boat to be dragged with difficulty
over feveral of the fhoals. After 60 miles of navigation, they arrived at
the tide-way, and in 3o miles further, arrived at Tien-ling (about 6o miles
from the fea, or gulf of Pe-chee-lee) at the confluence of 3 rivers, up
one of which, the Yun-leang-ho, or Eu-ho, running from the fough, they
proceeded in the beginning at the rate of about a mile an hour, againft a
ftrong current by the force of 18 or 20 trackers: as the river was confined
within narrow bounds between two artificial banks, for the apparent purpofe
of given depth. Above it was wider, deeper, and more gentle. Up this
river they proceeded nearly 2 degrees of latitude to the city of Lin-fin-
choo, where they entered the Imperial Canal which is carried in a line
almoft direétly South, and ‘nearly parallel to the general line of the fea-
coaft. * This enterprize, the greatz{t and moft ancient of'its kind, which
« was found to extend from Lin-fin-choo to Han-choo-foo, in an irre-
« gular line of about 500 miles, not only through heights and other val-
¢ leys, but acrofs rivers and lakes.” Tt is {aid by Sir Gcorge Staunton, to
‘be « often winding in its courfe, of uncqual and fometimes confi iderable
« width, and its waters feldom ftagnant.”” On its junétion mth the Eu-ho,
_ the Canal was cut through ground of the height of 30 feet, to permit its
water to flow with a gentle current into the Eu-ho. The ¢urrent of the
water was moftly, flow; and to prevent its running off too rapldly, its de-
fcent is occafionally checked by flood-gates, w!nch were feldom. o near as
within a mile of each other, Thefe flood-gates confift of two abutments
of ftone, one projecting < from each bank, leaving a fpacésin the middle
® jut wide ® enough o admit a paffage for the largeftivefiels employed

® The width, a{ccording to the Pl;m, appean to be a little more than 21 feet, 'Accolﬂ-
ing tg De la Land, lefs than 30 feet.]
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« ypon the Canal,” Few parts of the Canal are entirely level; and they
have overflows or paffages through the banks to prevent the water rifing
beyond a given estent ; and alfo to prevent unneceffary wafte of it through
the flood-gates, the paffages are occafionally clofed by planks let down
tranfvcrﬂy and fcparatc!y one above another, their ends refling in a vertical
groove in each abutment, ¢ Some fkill is requifite to be exerted, in order
« to dire@t the barges through them without accident, For this purpofe;
« an immenfe oar projes from the bow of the vefiel; by which one of the
« créw conduéls her with the greateft nicety. Men are alfo ftationed on
« each pier with fenders made of fkins ftuffed with hair, to prevent the
« effect of the veflels friking immediately agpinft the ftone, in their quick
« paffage through the gates, which are only open at certain ftated hours,
« when all'the veflels colle@ted near chem in the interval pafs through on
¢« paying a {mall toll. The lofs of water ocrafioned by the opening of
« the flood-gates % not very confiderable, the fall at ‘each feldom being
« many inches, which is foon fupplied by ftreams condufed into the
¢« Canal from the adjacent country on both fides, The fall is, however,
« fometimes above a foot or two, when the diftance between the flood-
< gates is confiderable, or the current rapid. The Canal was traced often -
« in the beds of ancient riw_:rs, which it refembled in the irregularity of
¢ its depth, the finuofity of its courfe, and the breadth of its furface, when
“ not narrowed by a flood-gate." Wherever the circumftances of the ad-
¢ jacent country admitted the water in the Canal to be maintained in a
« proper ‘quantity, without any material deficiency or excefs, by means of
« fluices managed in its ides, for the purpofe of influx or difcharge, as
‘¢« was the cafe farther to the Southward, few flood-gates were neceffary
# to be conftruéted, nor were there any where met with fése than half a
“ dozenina day.

On the higheft part of the Canal, which by the map is about one-fifth
__'of' its entire length in proceeding from the North, ¢ the river Luen, the
# largeft by which the Canal is fed, falls into it with 2 rapid ftream, in a
& “ fine which is perperdicular to the courfe of the Canal. A ﬂrong bul-
« wark of fonc fupporgs the oppofite weftern. bank ; and the waters of the

“ Luen
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¢ Luen flriking with force again} it, part of them' follow the northern, and
« part the fouthern courfe of the Canal¥’

In proceeding, from the fummit to the South, the Canal, or artificial
river, pailed by the verge of the Lake, and wae there fupporred on high
embankments, to enable it to pafs over fome rifing land farther Squth,
through which It runs at leaft 20 feet below the furface of the adjacent
ground. The Canal afterwards paffed collateral to the Lake of Wee-
chaung-hon, which “ reminded the Embaffador of the great Canul of
¢ Ruffia, with which he was well acquainted. This ran in like manner,
«_at certain diftances parallel to the Lake Ladoga, from winch it was fe-
¢ parated by valt earthen embankments.” From this circumitance, it is
pofliblg, that Peter the Great (although his genius was eqm] to the fuggel-
tion of any thing ufeful to his country), may have borrowed the idea from
China, as previous to the formation of the Canal of ladoga, he had a
diret acquaintance with the Chinefe Empire, by an Embafly * in the com-
mencement of his reign, in the year 1693, whillt his brother John fhared
the throne conjointly with him.

At a further di{t:mcc, « the Canal wu:lcncd flowing to the fouthward in
< a curregt of upwads of 2 miles an hour. Several branches went off
¢ from the main trunk of the Canal, on which, as well as on the diftant
« Lakes feveral barges were feen failing, Duripg the nexr ftage, the
¢ Capal was'conduéted again through low grounds fubje& to inundation,
“ with Lakes and Moraffcs intervening.”

* The Emhqﬁqdm: Everard Ifbrand, was necefitated 0 go throngh the cerempnious
sproftrations of the Chinefe, which the prudence and firmnefs of the Britih Embaffador, aided
by the good fenfe of the Chinefe Emperor enabled him to avoid. In another Embafly from
the Czar Peter to the Court of Pekin, in the year 1719, his Embaffader Leoff Vafilovich
I(mayloff, was under the fame difagreeable conftraimtas his predeeeflor. According to
Father Du-Halde, a former Embafly from Mofcovy in the year 1633, was not favourably
received, becaufe the Embaflador would not fubmit to the Chinefe cerpmanies, Thefe ob-
fervations are quite irrelevant to the fubjedt of this Treatife, and are only inferted on the
prefumption that, to many readers they may be acceptable a¢ lﬁn time, when the circam.
fances of the Britith Embafly have attra@led the puﬂ:c muﬁnn. :

L]
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Ie-then approached the Yellow River into which it falls by a pentle
current. The Canal is here about three quatters of a mile in width, and
forms an excellent harbour for the veffels navigating it. The Yellow River
has here run through & covsfe of 2200 miles, and is not more than 70 miles
from the fea: *¢ Its width little exceeds a mile, and its depth in the middle
<t of the fiream is not more than g or 10 feet, and its vedocity is about 7
« or'8 miles an hour,” which it appears to continue downwards, confe-
quently, there is a confiderable fall to the fea, which enabled a defcending
branch to ftrike off fouthwards to,the river Kiang. ¢ On the fouvthern
“ fide of the Yellow River, the yatches began to proceed more quickly ;
¢ the current of the Canal.as it quitted that river being more rapid, in
e confeqguence of which, the number of flood-gates were increafed upon
¢ this parc of it; fasther on, it was carried by the margin of the Lake
« Payo-yng, whofe fusface was much lower than that of the Canal, which
 was feparated from the Lake by a ftrong embankment. Beyond the Lake
¢ there was again {wamps and moraffes.”

« In the midft of the low grounds of this part of the route, a town of
a the third order® .was. fituated ; the tops of its walls being little more
¢ than level with the furface of the Canal, which formed an aquedutt raifed
“ 20 feet, was 200 feet in wifith, and ran at the rate of three miles an
“ hour. This Canal, on procceding fomewhat further, ceafed to have a
* current ; and the ground rifing to the fouthward, it was found necei-
“ fary, in order to give level, to cut down about 20 feet deep for a track

* of 7 or 8 miles, to a large city where not lefs than a thoufand veffels of
“¢ different fizes were lying at anchor.”

“ In thrge days after the yatches had croffed the Yellow River, they came
*¢ to that of Yang-tfe-kiang, which.is confidered to equal, if not exceed

® The cities of the third grder tcrmiutq their pames with fbian; the fecond order with
#chea ; and the*firft with foo, which three wriptions are furrounded with walls. Many of
the cities appear to have increafed within this century, as feveral of them which Du-Halde
Bas terminated with rebov, bave pow the additiopal termination of foo,

€@ :h;
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«"the fize of the former. It was at this place about'two miles wide. The
«¢ current where the yatches of the Embafiy pafled, did not exceed in the
e frrongeft part of it two miles an hour; but it was much deeper than the
4 Yellow River,

¢ The ground to the fouthward of the Yang-tfe-kiang gradually refe to
¢ fuch a height, that it was found neceffary to cut down the earth in fome
¢ parts to the depth of near 8o feer, in order to find a level for the paffage
« of the Canal,”

High ftone arches, fome' of them elliptic, the longer axis vertical, and
high enough to take junks under fail, are ereted over the Capal, and are
:afcended and defeended by fteps. They have alfo bridges over the piers of
their flood-gates, which, to prevent interruption to the mafts of veffels,
are conftructed fo as.to be eafily withdrawn when veifels are about to pals.
They are flat ‘wooden bridges, narrow and light, each refting on rollers
fixed in its frame, and running on a couple of loofe fpars that are withdrawn
after the bridge.

The Canal, in its courfe through the city of Sou-choo-foo, divided into
various branches through the ftreets as in Venice. Some idea of the im-
portance of the commerce of this city may be entertained, from the cir-
cumftance of 16 veffcls of 200 tons each, being on the ftocks in one fhlp-
builder’s yard.

Near this city, * the great Canal was without 2 current, and fo wide,
« that a ftone bridge of no lefs than go Arches was in one” place thrown
¢ over it: the Canal continued to be of a width between 60 and 100 yards,
« znd 'its banks generally faced with ftone for abom 90 rmlm, in Téngth,
« between Sou-choo foo and Han-choo-foo. -

« A large irregular bafon at Han-choo-foo terminates the 'Im;foeria.l
« Capal. It is increafed by waters from alake lying to the weftward of
“ the city; the latter furnifhes alfo a copious fiream rinning in 2 channel

- * round



( 8 )

e round the city walls, and fmall Canals pafs through its principal freets.
« This bafon difcharges into the river Chentang-chiang, which falls into
% the fea at little more than 6o miles to the eaftward : the tide when full
#¢ increafes the width of the river to about 4 miles oppofite the city, but
«, at low water, leaves on that fide a level ftrand of nearly 2 miles width.”

From the preceding extralls, an idea may be formed of the magnitude
and diverfity of this great Canal, as to width and velocity of current, which
being variable, frequently in countera&ing degrees, viz. often narrow in
deep linking, where the water is ncarly ftagnant, and wide where the
ftream runs with confiderable velocity; it follows, that to give depth in
the rapid ftreams, additional rivulets muft be taken in, and difcharged
again in the commencement of the ftagnant parts; which itappears is their
mode of proceeding, as they have overflows to difcharge their fuperfluous
water, which is frequently applied to irrigation; and they repeatedly receive
additional influx where it is neceffary.

There now only remains to be noticed their Inclined Planes, which are
particularly defcribed in the route from Hang-choo-foo to Tchufan, which
'was purfued by Colenel Benfon and Captain Mackintofh, of the Hin-
doftan, after they had parted with Lord Macartney, and the remaining at-
tendants of the Embafly, who followed the route already defcribed to Can-
ton.

.The Tchufan party croffied the river and entered a fmall Canal. After
they proceeded about three days, they arrived at the city of Loo-chung,
where they changed their inland barges for junks of about 60 tons burthen
each, .neatly fitted up for paffengers, but conflruéted for falt-water navi.
gation, and lying on a.river into which the tide flowed beyond Loo-chung.
They failed from thence to Nimpo near Tchufan; the river was of the
breadeh of the Thames berween London and Woolwich.

IB&forc their arrival at Loo-chung, ¢ it fometimes happened in the
# route to Tchulan, that the water of a higher Canal pafled immediately
L ¢ into
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into another of a lawer level;' and ‘ip two inftances the traveilers were
launched in their barges with prodigious velocity down the ftream *,
The upper Canal is bounded by a ftrong and well-compacted wall, e
top of which is level wi.h the furface of the upper water. A beam of
wood is laid on the upper edge of the wall, which is rounded off towards
the water. Beyond (or below) the wall, a floping plane of ftone work
extends to the lower Canal in the form of a glacis, with an inclinztion
of about 45° and defcending near 10 feet in perpendicular depth; at the
bottuin of which, the Canal 1s carried along as the level of the country
will allow, when another wall and glacis for another Canal ftill lower, are-
conftructed as before.

« In pafling from an upper to a lower Canal, the veffel lifted over the
crofs-beam flides down by its own gravity, and to prevent the warer
from fluthing over the decks, or her plunging into the Canal below, a
railing is fixed at the head of the veifel about to be launched, before
which is placed a ftrong matting at the time of irs defcent. To draw
up 2 large veffel from the lower Canal along the glacis into the upper
Canal, requires fometimes the affiftance of near a hundred men ; whofe
ftrength is applicd by means of bars fixed in one or more capftans,.
placed on the abutments on each fide of the glacis. Round the capftans
is a rope, of which the oppolfite extremity is paifed round the veflel’s
ftern, which is thus conveyed into the upper Canal, with lefs delay than.
can be done by locks, but by the exertion of much more human force ;.
a force, indeed, which in China is always ready, of little coft, and ‘con-~
{tantly preferred there to any other.”

® Itappears, from: this defoription, that water was running down the Inclined Planes-f

and if fo, it is accordant with fome of the defcriptions of the Jefiit miffonaries. ‘This,
however, is probably orly occafional ; aad caufed by the Bultuation of the fusface of the
Canal.

The
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This defcription of the Chinefg inclified planes, appears to be correét
in the outline, but cannot be taken literally, as 4§° declivity 15 fur too
ftecp, unlefs the fall be fo little as to bear a {mall proportion to the
Jength of the boat; and then the fteep inclination of the plane would be
of little moment, as the boat nced never touch it but on Qiding off wich irs

heel.

In the plate, the defcription is partly correfted, as the inclination is bur
14" from the horizon, viz. one foot fall for every four feet bafe, which i
alfo too fteep, unlefs the boats that pafs thofe planes be much thorter than
the general run of their boats ; which is the more probable, as otherwife,
they would firain and break in two with any lading, on turning over the
crofs-timber at the head of the plane. Thefe boats, according to the plate
of the inclined plan¢ are of about 3 feet height, and 56 feet tread on the
ground, with fharp*overhanging ends, projecting g or 1o feet, and rifing
with a bend equal to’the defcent of the plane, therefore tending at one end
to raife the veflel in its defcent, and at the other to produce the [ame
effeét, in a finall degree, by the weight of the boat’s end behind the tread
of her heel. 1 fhall affume the boat to be {o far Iaden as to have as much
buoyancy above as *below water, and the effect of the projecting ends to
be under that predicament, equivaluit to a fhortening of it to 8 feet lefs
than its tread on the ground, viz. to make it equal to a boat of fimilar
fe€tion from end to end of only 48 feet, in place of 75 feet extreme length.
From thefe premifes, and admitting the tranfverfe fection to be fquare,
which will not materially alter the cafe, (as their fection, exclufive of the
ends, is uniform), we may deduce what the floating power of fuch & boat
would be.

Under  this prcdicamént, it i3 obwious, that a diagonal line from the
fummit of one' end of the boat to the lower extremity of the other end,
would civide its'bulk into equal parts, one of which immerfed in water,
would be juft equal to its whole weight ; therefore, as under the given
angle of inclination and weight of boat, the water would only flow 12 feet

L2 along
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along the boat's bottom, or - ) of " its lcpnth ; it follows, that at the inftant
of immerfing one end undu water, it would only have & of its weighe
water-borne.  The centre of gravity of tuis tendency to lift the boat would
be at 4 feet inwards from its lower extremity, viz. at 13 of the diftance
from the boat's hecl, which latter would be its turning point. It is evi-
dent, that a power equal to half the weight of the boar and cargo, 2p-
plied-at its lower extremity, would enable the boat to rife, as the orner
extremity would bear half the weight * but, in the prefent inflance, there
is only half the neceffary powcr ating at +3 of the requilite arm of lever,
confequently, only equal to i3 of the rcqulf te force ; thercfore, with the
aid of matts towards the head of the boat flill unequal to the end . 1If;
however, we combine the defcription of the fall, viz, * near 10 feet in

« perpendicular depth” with the length of plane, in the plans Accompmy-
ing the work (which the eye might judge of, comparatively with the
length of boat) we fhall have a declivity of about ; or nearly g°
from the horizontal -line, which will pretry well accord with the circum-
ftances.

T have entered into this difcufiion principally to fhew the points to be
attended to, in the facility of boats foating from off inclined planes, and
the neceffity either of their being of a gentle declivity on their junétion
with the water, or that the axis of the hinder wheels be placed not: far be-
hind the centve of gravity of the boat.

I can eafily conceive, that the travellers might be miftaken in the declivity
of the plane, if they judged-by the eye, as angles of afcent and defcent are

® Nearly fo, the tarning point being only thrown backward the tangent of the L bf in-
elination upon 1-third of the boat's height. To male the other deduftions purfedly true,
the centre of gravity of the boat and cargo muf lie at 1-third of its height ; and if higher,
ai it generally muft be, it will operate more againft the power of the boats’ rifing..

+ Unlefs there were at the bottom of the glacis an apron or fmodth platform at fuch a.
depth’ as not to admit- the boats to fink, which does net appear to be the cafe, nor could
well be {o under fuch fluttuatiop of furface as-she Canals are liable to,

very
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very deceitful in their appearance. , ‘That" the boats are longer than on re=-
feAion we fhould conceive them to be, appears corroborated by a tra-
veller of the laft century, Father le Comre *, who oblerves, that ¢ in
<« fome places where the, difpofition of the ground does not permit the
“ forming of a communication between two Canals, they flill contrive to
¢ pafs veffels from one to the other, notwithitanding they, may have more
“ than 1§ feer height to furmount. At the extremity.of the upper Canal,
¢ they conftruét a double giacis, or inclined plane, of hewn ftone. When
« gz veflel arrives at the cxtremity of the lower Canal, it is raifed by the
« help of capftans to the fummit of the firlt glacis, from whence its own
« weipht makes its flide on che fecond into thé upper Canal, and they de-
 fcend to the lower by revirfing the operations.”

This author could fcarcely comprehend how the Chinefc barges, which
are cominonly very#dong and very heavy laden, did not break in the mid-
dle when fulpended in the air on the angle between the dnuble glacis ;
neverthelefs, he did not lcarn, thar the leaft accident cver happened.—
« Thele inctined planes (he fays), are not to be found in the grand Canal,
¢ becaufe the Imperial barks could neither be raifed by manual force, nor
"¢ fecured from the mis(Grwne to which the others have the appearance of
“ being liable.”

In inclined planes of {mall fall, fuch as are ufed in China, and for boats
of confiderable length and magnitude, the fide-way motion + ight be
mad¢ to anfwer. It would alfo do for longer inclined planes (particulariy
if very fteep) by the aid of counterbalancing weights down feveral pits,
and a caiffon for the boat and its furrounding water to defcend on nany
wheels, or rollers, into a dock fuch as defcribed in feveral inftances in the
firlt Chapser, The counterbalancing weights iay be cylindric tubs, fitting
the pitsand laden with water; the two end ones fo regulated, s to move

® Vide Bglidor’s Architefture Hydraulique, Tom, IV. P. 355.
+ Ships are fometimes launched this way, where there is want of room to go end fore~
moflt

perfectly
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nerfeftly equal to each other, dnd keep the caiffon during its progrefs m
the fame parallel pofition ¥4 The pits fhould at leaflt be down to the level
of the drift, from the dock orlower receptacle of the caiffon. -

The weight of water and of the veflels in the pits, under fimilar vertical
defcent with the inclined plane, will theoretically be no moere than that of
the caiffon and its. contents, be the angle of decliyity what it may ; and
eheir different fpaces paffed through would be eafily provided for, by the
difference of diameters of the wheels, on the axis communicating the
counterpoifing powers ; but in gentle declivities particularly, friction and
refiftance from irregularities of the furface acting on the wheels or rollers
fuftaining the caiffon, will be wvery confiderable, and occafion a lofs of
water far beyond that of the plans of Mr. Weldon or Mr. Rowland ; but
of lite confequence compared to Locks. Another circumftance alfo mi-
litates againft this plan in moderate declivities, which is, the difficulty of
keeping a large caiffon wager-tight, becaufe of the greater effet from
cafual checks under the neceffarily increafed velocity. From both the
above caufes, 1conceive the plan fuggefted, will feldom be cligible but in
fteep declivities of 30° and upwards.

It is an argument againft the inventive powers of the Chinefe, that they
have not hitherto conftructed Locks; as a-great part of invention lies in the
conception of the poffibility of the event; and the Chinefe have been in-
formed, for upwards of a century, of its abfolute poflibility ; as the Jefuit
Miffionaries fentto China by Lewis the XIVth, in 1685, acquainted' them.
with the principles of a Lock, with which they appearcd aftonifhed, The
Fathers alfo thought that any one who. would carry to China the. model of
a Lock would be well received ; and caufe as much admiration as the firft
watches that the Miffionariers prefented to the Emperor.

# Chains muft of conrfe be made ufe of in the machine both to fufpend the water veffels
and retain the caiffon. A prejudice, no doubt, exifts againft chains, on account of the un-
certainty of their frength ; but- this may eafily be remMied, by fubmitting every link to 2
frefs far fuperior to what they aro propofed tobear, -which may be done before the chain is .
pnt together, as for this purpefe, it fhould confift of links conne@ed by bolts.

The



( 87 )

The Chinefe method of overcoming aftents appears to be long fubfe-
quent to the attempts of the Egyitians, under the fucceffors of Alexan-
der ; who; according to Monf. Huit, Bifhop of Avranches, had the art
of conftrufting fluices, or Locks of one fet of gates; o as to ftop the im-
petuofity of the current, and be occafionally opened. Though termed
gates, the openings were moft probably clofed with beams of timber, ler
down in grooves; as gates of large widrh and depth could not be opened
without difficulty, even againft a fmall difference of level. There are,
however, fuch fluices with gates upon {cveral of the running Canals on the
verge of the Shannon. They were erefted about the middle of this
century, and are of difficult ufe, becaufe of the force requilite to open
them.

Thefe running Canals are on the Chinefe principle, and nothing more
than new Channels for a portion of the river; which, when it is low, are
ftopped as in China, to retain a head of water fufficient to pafs the boat.

During the flooded ftate of rivers, all fmall falls are ¢qualized, as they
neceffarily rife higher below than above a rapid; therefore, I am far from
fiying; that tunning Canals with a {mali fall are not, in many in&énccs,
eligible on the fhores of great rivers; and that well-devifed ftops eafily
opened and clofed, (not fuch as lift up like thofe defcribed in China, nor
open againft the flream as gates) are not fometimes preferable to incurring
the charge of Locks.

In other nearly fimilar inftances, where Locks are eligible, their piers and
gates alone will be fufficient without any other floor or fide walls, than a
concave and batteied pavement, coatinued through the bottom and up the
fides of the fpace between the piers.

. The eligibility and the particular conftru&ion of thefe works, will much
depend on the nature and extent of the beds of the rivers, the difference
between their Jow and Aooded Rates, the height and alfo the permanency of
their fhores, and the quantity of floating ice.

Thele
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Thefe fingle pairs of piers of the Chinefe, are propetly called by De la
Lande, half Locks. The c4fual pofition of two pair of piers near to each
other, has, no doubt, occafioned the invention of Locks; as it would foon
be feen, that when the gates or ftop beams of the lower piers were clofed,
and of fufficicnt height that the water would be nearly Riil between the
upper pair of piers, and afford an eafy paffage. On this principle, in place
of fingle pairs of piers, two pair would be erected, fufficiently near to each
other for the purpofe, and capacious enough to hold a flect of boats. 1
would foon afterwards be found, that in dry feafon: the wafte of water was
greater than could be conveniently efforded, and the operation tedious for
fingle boats: thus would progreffively arife the invention of Locks with
walled chambers, and fluices through their gates or walls.

There are at this day exifting on rivers, Locks of the firft conltruétion ;
compofed fimply of two pair of piers, without any €onnection of walls or
pavement between them,

The following account of the antiquities and defcription of the Chinefe
Canals, is principally extracted from Monf. De la Lande’s Treatife,  Des
Canaux de Navigation;” and from Du Halde’s Hiftoty of China, in which
authors will be found a more full and particular account than the defign of
this effay requires me to give.

The commencement of the Chinefe Canals was fomewhar lefs than two
centuries before the Chriftian @ra, viz. foon after the coming in of the
dynafty of Han, which took place 202 years before Chrift. Previous to
this, grin and other neceffarics were carried on men’s (houlders, where
they had not the convenience of Rivers or Lakes. The Ewmperor being
fhocked at this flavifh occupation of his fubjects, employed many owans of
men (each ouan being 10,000), to dig Canals for the conveyance of rice
and grain from the provinces to the capital, which was then in the pra-
vince of Chen-fi : and, before the middle of the fecond century preceding
the Chriftian ra, 2ll the great rivers communicated with each other by
Lanals, and werz navigable almoft every where. |

Between
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Between that period, afid the comfnencement of the dynafty of Yuen, or
the Monguls, which began in 1060, the capitgl of the empire was fucce(~
fively chapged into different provinces, which occafioned new combins-
tions of Canals, for conduting to each new capital the immenfe number
of veffels laden with grain that it required.

Yangti, of the dynalty of Tfin, who mounted the throne in the ye.r
6os, and reigned 13 years, commenced the firft year of his reign with
making new Canals, and enlarging the old ones, that veflels might pafs
from the Yellow River to the Kiang river, and into the river OQuei (Yu-
ho of Sir George Staunton) and various other rivers. A plan was given
to him for making all the rivers navigable throughout their extent, and to
make them communicate one with another by Canals of a new invention.
This project was executed, and according to it, 160q leagues of Canals were .
made or repaired.

At this period, moft probably, their plan of flood-gates was adopted ;
as the new invention could only be in this, or in regulating the water by in-
flux of new ftreams and difcharge of fuperfluous quantities, or in lining the
banks with ftone wherg the ftreams were rapid, the remainder being fimply
excavatiorr or embankment.

About the year 1289, the Emperor Chi-t-fou, the firfl of the dynafty of
Yuen, or according to othérs, the fifth fucceffor of Ghengis-kan, having
conqugred all China, and being already mafter of Weftern Tartary, re-
moved the feat of empire to Pekin, to be more central to his vaft domi-
nions. But the neighbouring provinces not being able to furnifth fubfiftance
to his court and his numerous army, he caufed to be made, or rather to be
perfe&ted and altered, the famous Canal of Yu-ho * or Yun-lyang-ho, (im-
plying the Yiver for ‘conveyance of provifions), which runs through the
empire from North to South.

Fromi Sir G. Staunton giving thefe names ta the river Ouei, between Lin-tfin-choo
and Tien-fing," it appcnrs,.thnt the improvement in the channel of the Ouei, between Tien-
fing and Lin-tfin-choo, have caufed it to be deemed part of the Yu-lcang-ho.

M They
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They had, at firft, no well-cofinetted plan, but made fevéral ufelefs at-
tempts full of faults. They'went upon impropet lines, and had not fuffi-

ciently attended to the effeéts of dry feafons and inundations, which were,.
however, progreflively corrected. '

The general depth of water was defignedidn the great €anal to be g feet;
and its frequent tugns are many of them intended to prevent (in aid of the
flood-gates) the too rapid running off of the water. They have fre-
qucnl:ly a difficulty in keeping up 5 or 6 feet water; and in fome’dry years,
the Canal is reduced to 2 or 3 feet, which is mot fufficient for the Imperial
barges.

The portage from Nan-gan-foo, over the Mountain Mzilin to Canton
river, it fo confiderable, that the road is, at all times, thronged almoft as
much as the ftreets of a great town. They are, however, ¢énabled to avoid
this portage when the rivers are high ; as they have, for that purpofe,
joined 2 Weftern branch of the Pe-kiang, (probably that: ﬂﬁkmg off from
T chao-choo-foe) with a river running through che pmvm&' of Hou-quang,
into the Yang«fe-kiang, This appears to be a different river from the
Kan-kiang-ho, and to lie to the Weftward of it. The navigation by this
route, is faid to be much more circuitous than the ether.

The waters which colle® from the mountains in the North of the pro-
vince of Quang-fi, form near the city of Hin-ngan-kien a ' {mall river,
whofe courfe s ftopped by a dam, fo as to fend the water to the fummit of
the pafs by a channei for that purpofe; from whence, by a thort Canal, it
joins the two rivers. It isneither fo convenient nor fo well kept up as the
grand’ €anal; ardd' the water is often low, fo that the veflels are rather
drawn on the gravel than on the water. The fluices or.contratted
paffages on this Canal for'the purpofe of ftopping the water, are, for the
moft part, made of carth fupported by ftakes, the paffage through which is
clofed with mats or other fimilar things.

The
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The induftry of the boatmen ang inhabitants of the country fupplies all
defelts, and gives this rout fufficient advantages to caufe it ta be frequented
by many«merchants ; as in the other rout, a pafiage by land is indifpenfa-
ble, and caufes much expence and trouble in tranfporting ‘merchandize ;
however, there is no particular impediment in the circuitous route during
the time of high water in the rivers. This circumftance clears up the dif-
ficulty of accounting for the paffage of the immenfe xafts of timber pro-
ceeding for the middle and Eaftern provinces, which the Britifh Embaffy
met below Tchao-tchoo-foo; as, by this channel, there is an interior
water-communication all the way from Canton, even to the Northern pro-
vinces.

In the journey of the Fathers Boures, Fontenay, Le Comte, &c. from
the port of Ningpo (the Nim-po * lately mentioned), they relate, that
they foon “ came ¢o a place where they hoift up the barks, in order to
“ convey them to a Canal which is 9 or ro feet higher than the level of
“ the river. They hoift up the bark by means of a flope or declivity,
< paved with large ftenes, and when they have got it to the top, they let
% it {lide down another into the Canal.” ¢ There are people who wait to
"#¢ be hired for this purpofe; they are not above a quarter of an hour about
< ir, ha;rin_g the help of two capftans.”

This inclined plane is ia the fame diftri¢t deferibed by the T'chu-fan
travellers (probably one of thofe they deicended), and differs in nothing
but the time of paffage, which will depend much on the force employed.—
If the aid of capftans be ufed, in which both narrators-agree, the paflage
cannot be fo quick as by a well-regulated Lock. Their account of the
Kiapg and Yellow Rivers, and of the Canal in their route to Pekin, confi-
derably refembles Sir G. Staunton’s. Some of the fluices or flopd-gates
upon the great Canals, are defcribed as retaining the water in confined chan-
nels of mafonry (apparently of fome extent), through which it rufhes with

@ The dfereat names given 1o the fzmic places. by different-travellers, is eafily account-
ed for, when it is confidered, that their orthagraphy muft be tnmlliv auricular, from :Ihe Chi-
sefc not ufing the alphaber,

M 2 vaft
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vall imperuofity, fo as to require great,power of capflans and of men, to
get' the vefl:ls up; and thas in plice of letting them run down at will,
they are care‘ully let through by ropes that are flacked away, untit they are
below the ftrength of the ftream.

In the Chapter on Lakes, Canals, and Rivers, P. Du Halde obferves,
that ¢« if China happily enjoys o great a plenty of every thing, it is' in-
< debted for it, not only to the goodnefs and depth of its {oil, but to the
« great number of Rivers, Lakes, and Canals, with which it is watered.
« There is not a city, nor even a large town, efpecially in the Southern
« provinces, whichis not fituated upon the banks of a River, Lake, or fome
« Canal ; -and there are few provmccs where there is not 2 large Canal of
“ fine, clear, and deep water.” The principal Canals, L’Abbé Prevot in-
forms us, ¢ difcharge themfelves on both fides into a great pumber of
« others, which communicate with moft of the citiesand towns; for the
<« convenience of travellers, and the tranfport of the produfls of the coun-
« try, which are reciprocally communicated. Thefe little Canals are;
« in the end, fubdivided into a number of brooks to fertilize the adjacent
« plains.”

As much oppofition often arifes in this country to the execution of the
moft ufeful Canals, it may not be improper to repeat the well-known
fa, that «“ Canals in China are cut through any kind of private pro-
« perty, gardens, plantations, or pleafure-grounds ;- not even thofe of the
« Emperor, or any of his Governors excepted; but when the work ar- |
¢ rives at their gardens or pleafure-grounds, the Governor, or even the
¢ Emperor himfelf, digs the ficft {pade of earth, and pronounces with an
¢ audible voice, This is 2o let thofe of inferior fituations know, that no private
 pleafure [hall obfiruit the public good.”

-

It appears, that the river Kiang aﬂ'ords. an extenfive na.vigaﬁon, and is,,
in many places of immenfe depth, and in others has rocky rapids of con-
fderable extent, which they ﬁnd"da.ngcrous and difficult, The fame cir-

cumftance
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cumftance likewife takes place in fome other of their rivers, which, were
they acquainted with Locks, they might rémedy. The Yellow River
gives alfb an extenfive navigation, but itis difficult to ftem its current.
The Poyang Lake is faid, to be a dangerous navigation, from fudden high
winds, and that many veflels are loft in it; which accounts for the Bri-
tith Embafly being fent to Canton by a different route.

The Chinefe were much influenced to-the conftrution of that part of
their havigation, which is parallel * to the coaft, by not being expert fea-
men, and their fear of fhip-wreck and pirates.. Caufes totally different
muft, at fome period, produce a (imilar effed in the Kuffian Afiatic do-
minions. The great rivers Oby, Jenifea, and Lena, which rank among
the greateft in the world, all difcharge into the Frozen Ocean, (o that a
fea navigation is totally precluded. 'Thefe rivers, however, fo interlock
their great navigablt branches, in a plain country, as to admit of being
cafily united; and by the two former alone being done fo, a water con-
Veyance from the Eaft fide of the ridge of mountains dividing the pro=
vinces ufv Cafan and Tobolikoi, would be had to Strealka, near the Cln-
nefe frontier, from which a confiderable trade is carried on by caravans to
Pekin, a diftance of *about 1000 geographic miles, an extent of land-car-
riage apparently immenfe in this counury where every thing is very dear ;
but there of comparatively fmall moment., Nothing then would re-
main to be done, to afford water conveyance from the frontier of China,
and from the immenfe provinces of Jenileifkoi and Tobolfkoi tu Pe-
terfburg, but 10 effe fome of the fpecies of navigations which I have
defcribed, through the vales of the narrow ridge of mounrains berween
the river Tura; a Weftern branch of the Oby; and the oppofite Eaftern
branch of the Kama, from which river there is an extenlive commerce by
water to Reterfburg, in the conveyance of falt, iron, &c.

* In a populous country, like China, that navigation is fufficiently diftant from the
fea, to authorize iw confirution without thofe motives, which, however, were 2 leading
inducement. *

In
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In the travels of Mr. John Bell, from Petérfburg through various
parts of Afia, he informs us, that the river Ker, 2 nawgablc branch of the
Oby, above its junction with the Irtith,  takes its rife in a Lake at a finall
« diftance from the Jenifea,” (nearly oppofite to Yenifeik the Capltal of
the province), ¢ and were a Canal cut between them, which mighe
< eafily be done, there would be a paffage by water to the frontiers of
¢« China from Verchatuna * a town on the Eaft fide of the ridge of moun-

tains. Weft of the Kama, ‘and firuated on the Tura, which falls into. the
Irtifh. :

I have only ftated a navigable communication to Strealka; but from
circumftances, it appears probable, that the navigation might extend from
two to three hundred miles further, through Chinefe Tartary towagds Pekin,
by purfuing the Selinga, Orchon, and Tola. The latter is a branch of
the Orchon, which, as well as the Strealka, falls into the Selinga, which
difembogues into the Lake Baykal—This Lake difcharges its waters by

the Angara, a branch of the Tongufta fnlhng into the Jenifea above
Yenifeik.

Mr. Bell alfo obferves, that from Elimfki, a2 town on the Elimm, a
navigable branch of the Tongufta, it is about two days journsy to the
Lena, from whence it is navigable both downwards and upwards for vef-
fels of confiderable burthen. The country between thl:ft: places is, how-
ever, though not mountainous, rathcr hilly.

The full effect of that communication between the Eaftern and Weftern
provinces, thofe who_are acquainted with the country, only can Judge
, Siberia is, iifelf, fufficiently fertile to receive vaft advantages from a com-
" munication between its rivers; and no arnclcs but thofe of va]uc, would
ever traverfe the immenfe diftance from 6ne extreme to the other, parti-
cularly as, from the fhortnefs of the fummers, the paffage would rarely or
ever be performed in one feafon, It would extend thro'ugh above 75 de-

grees of lorgitude, or confiderably more than one ﬁﬁ:h of the citcuit of the
globe in that parallel,

CHAP.
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CHAP. VIIL

General Obfervations and Conclufion.

‘W HERE the propofed length of Navigation is very confiderable, it be-
comes a great objeft that the cargoes fhould be larger than the {mall
fyftem admits of, becaufe, many of thofe cargoes concentered in one, will
require Jefs aid of men and horfes, confequently be conveyed cheaper ¥,
and in general fafer ; alfo, the greater detention from lading and deliver-
ing, larger veffels diminifhes as to its effeét proportionately with increafe of

diftance.

The Lock Navigations admit of the largeft veflels, and next to them,
the plans of Mr. Weldon and Mr. Rowland, and that fuggefted in a pre-
ceding Chapter : which latter being lefs limited by phyfical caufes, is ap-
plicable sto greater heights with lefs proportionate increafe of expence:
and to a greater extent of fall than either of the others can be cligi-
ble : after thefe, follows Mr. Reynold’s invention of Locks at the
head of Inclined Planes, which, combined with the eight-wheeled + car-
riages defcribed, or with the frame and rollers paffing under, and cnn-
nected with it, as fuggefted by Mr. Fulton, will be applicable to decked

Wherever _the' difference of expence of the twe Canals enables a reduftion of toll,
equivalent to the increafed charge of conveyance, that advamtage ceafes, except as te
hgh: «or valuable articles, which never ca.n be fo perfeéily fecured, as under a deck and

Katchés,

. + Thefe c:rmgta are adapted to an Inclined Plane of greater declivity than at its head
a:'ﬁ‘br; but if the declivity be uniform, fo as to fulia’ carriage with rollers, it will alfo
Pe faitablé 14 2 cai-nage with'ghy wumBer of wheels on each fide ; taking care only, that
the tread of the wheels form a right line, and that thére be means of adjufling thes.

boars
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boats of 15 or 20 tons, or perhaps more, The hext in rotation *, as to
magnitude of cargo, is the inrlined p]anc and carriage fyftem for {maller or
fhorter boats paffing over the ridge at the end of the upper Canal, which
is chiefly calculated for coals and minerals, and will, probably, admit of
improvement, by making the delcending and afcending way continuous,
like Mr, Fulton's ; and having a Lock at the head of the defcending way,
long enough to contain a fcparate carriage for 3 or 4 boats, (or fo many
as form what has been called a conjoined boat). Thofe boats on defcend-
ing, would draw another gang light, or half lvad upwards, over the
top of the ridge, noLock being requifite on that fide. The chief ob-
jections to this, lie in the vaft weight of a gang of boats, which, ina
fteep angle of defcent, would require a very heavy rope, and in the diffi-
culty of returning the carriages to their proper place. The latresvmay be
got over by keeping the two ways at a little diftance, and joining them
above and below by a fimicircular railway for the carriages (coupled
to each other) to run along under-water, after they have parted with their
veflels.

Both in this, and the method laft defcribed, the water contained in the
Lock may be drawn off into a refervoir, at the head of the inclined plane :
in this refervoir, or a pond communicating with it, may be fixed a broad
under-thot water-wheel between the two railways, to retard the motion
of the defending boats, and to throw back the water.

This wheel may run in a clofe cafe, and be divided round its periphery
by different fhroud boards, forming fo many wheels, fo that one or more
portions of its width.may be employed at the fame time, in throwing tp
water according to the peceflity of the cafe, to be determined by the velo-

# g this, T alfo include the methods of boats alternately Jowering and hoiftidg each other
up and down pits.

4 In fugcha way as to fuit the different boats that are to reft upan theﬁl ;3 and yet' admit”
of the neceflary extenfion when the boats came over the concave part of the Inclmed Plane,
which may be effe@ed by a worm-fpring.

sity
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city of the defcending bodts, which, 'by means of a centrifugal regulator
will open one or more of the penftocks to let the water below the wheel, or
fhut them all, as occafion may require, The refervoir under the wheel
fhould, of courfe, never be exhaufted; but when drawn down to a certain
extent, fhould, by a foafing weight, or any other method, let in water
from the. head Canal. Thefe means will anfwer for a defcending trade,
and, if the afcending trade be more than the other can draw up, and water
be deficient, recourfe may be had toa fteam engine.

As boats on the aggregated plan may be 7 or 8 feet wide, they will an-
{wer.tolerably well for light goods, ahd, as one‘gang, or combination  of
conjoined boats, ‘may be conftantly under the fame charge, no objection
can arif®dfrom change of refponfibility, particularly, as thefe boats are
not fo fmall but they may fafely navigate larger Canals, and without incon-
venience, when the gonjoined or feparate boats are proportioned in length
and width to fuit the Locks.

‘Wheel-boats of 4 feet width, may gnfwer well in proper contries for
lead, iron-ore, flates, limeftone, &c.; and if found to ftrain «t 16 feet
length, three of which I have propofed to form- one conjoined boat, car-
rying g tons ; they may be reduced fo, as to carry the fame quantity in
four, and be connefted as one boat: they will alfo, in certain inftances,
anfwer in collicries.

A, contrivance fufficiently known, confifting of a vertical axis (having near the head of
*it a collar connefted with a lever) croffpd diagonally with two bars of iron, moving oz a
pin} waich paffes at right angles through the vertical axis ; on the lower end of each of thele
diagonal bars is an iren ball. Thefe balls flying of on their receiving {ufficient centri-
fugal tendency to overcome their gravitating force, produce the defigned operation, by
drawing down the lever j which is done by joints of the fame length of the parts of the
diagonal bers above their interfe&tion, and joined both to the head of them and to the col-
lar. Thefe joints, and the upper part of the diagonal bars form the appearance of a lo-
genge. ‘This apparatus is frequently ufed to regulate the motion of Boulton and Waut's
fleam.engine, and is called a governor.

+ Viz. two or four conjoined boats, according to circumftances.

N i
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In addition to the methods méntioned, there is another which belongs:
more to great diver(ity of magnitude of Canal, than to overcoming afcent
and defeent. This is the guick tranfition of articles from-ong boat o
another, by means of having the cargo in the greater boats, either put ori--
einally, or diftharged into cafes fuited to the form of the fmaller ones 3
confequently afily transferred to the latter, and as eafily taken out from:
them. ‘This has been elucidated in the fifth Chaprer, fo far as it is appii-

cable to afcent and dcicent.

In the difcuffion of every fubje&t where a diverfity of opinion prevails, it
is reguifire that the wiiter thould be free from prejudice ©* Engineers have:
in general been charged with being inimical to the introduétion of the fyf-
tem of navigation fo warmly recommended by Mr. Leach, Dr. Andcrfon,
and Mr. Fulton ; which, if cligible to the extent afierted by thofe Gentle-
men, would have thrown deferved cenfure on all who have been concerned
in the chief direction of public works : T fhall, therefore, in an Appendiy,
fhew by Extraéts from fome of [(uch of my Reports on projefted Naviga.
tions as have been printed, that I have been no way hoilile to the leading
principles of their plans, andiconlequently, poffefs fufficient impartiality to
be guided by no other object than the inveftigation of truth.

The general. conclufion from the wholé that I have faid, is, that the-
fyftem of narrow Canals is ufcful in various inftances, particularly for mi-.
nerals aad all heavy articles not liable to damage from water, and much
cheaper in particular firuations, where the declivity of the country rums re-
gularly wranfverfe to the general line of the-navigation, and the falls are
great; bur, that for general purpofes, and with the ufual circumftances
through which lines of Navigation fun, the difference of expence between
the two fyftems is lefs than might be imagined, and frequently more than
counterbalanced by the difference of conveniences: alfo, that Mr. Fulton’s
boats are too narrow, even for the carrigge of coalsin bulk, to the quan-
tity they ought to carry, and draw too much water to produce the _favingb_
of occupation bridgesy and that with the increafe of width and other alter~
ations recommended to fave occupation bridges, and to prevent the boats
from overturning, they would flill require, compared with other boats, a

; greater
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greater power of horfes to move any given tonnage with fpeed, fufficicnt
to keep them from driving afhore with a dide wind :—that they would
not carry any due proportion of light or bulky articles :—and that any
thing liable to be pilfered or damaged by water, would not be conveyed
with cqual fafety : that the boats when travelling far upon land, as fome-
times would be requifite with coals, lime, &c. would be liable to become
very leaky: and that, in thefe inftances, it would be better to convey
thofe articles in wagmons to be curried in boats for the purpofe ; and to
fubftirute, in place of the narrow Canal, a fhallow onc a little broader :—
that M. Fulton’s boats of 20 feet length, refting only on two tranfverfe
axes, would be liable to ftrain and become lebky, in the paffage up and
down the inclined planes :—that this circumftance only admits of remedy
from ancther inconvenience 3 that of being much fhorter, and the more of
them requifite to be coupled together to carry any given tonnage :-—thar,
therefore, it will frequently be better to lay alide the advantage of wheels
affixed to the boats, and to follow the Dungannon and Coalbrook Dale
Fyftem of Aoating the veilels over ftrongly framed carriages, on which
they will reft even and free from ftrains, and may, by the means deferibed,
be ©f much greater dimenfions than any that are now ufed on inclined
‘planes ;—that great *Canals with Locks, and fmall Canals with inclined
planes may be made, wherever requifire from fcarcity of water or other
caufts, . to coincide with each other, provided the great Canals be laid out
in as long levels, and as great intermediate defcents as conveniently practi-
cable, occupying as fhort a fpace as may be by the Locks; and aver-
Jappihg the levels, fo as to join cach other in fteep places by inclined

planes.

In fine, Canals have been, and muft {till continue to be, of dimenfions
varied according to the form and fpecies of the boats defigned to navi-
gate them : which fhould differ, fo as to coincide with the circumflances of
the country paffed through ; the nature of its commerce and produéls ;
and the Canals, and Rivers, or Lakes, that muft eventually be navigated
by the famé veffels. Thus no general fyftem can be adopted, and nothing
extenfive can be determined on with propriety, without the aid of great ex-

perience and abilities. - .
N 2 APPEN-



APPENDIX

Extralis from © A Report on the Improvement of the Harbour of Ark-
“ Jow," and the Praéticability of a Navigation from thence, by the
““ Vales of the various Branches of the Ovoca.”

Dublsn, 1792,

P S e

| | SHALL now proceed to the Interior Navigation, which, on account of
the declivity of the ground through which the Canal muft pafs, and alfo the
rapid afcent which has to be furmounted to go even a moderate diftance
into the country, does not favourably admit of being entirely carried on by
the ufual means. '

The fteep face of the hills the Capal has to run along,. will, neceffarily,
confine irs width, and produce a fimilar effe@ on the width and depth of
the boats ; which will, likewife, in a certain degree, be limited in length
by the necaffity of quick curves round the points of the hills.

Their dimenfions I'recommend to be 7 feet width on the gunwale, 5 feet
at the bottom, 3 feet 6 depth, and 4o feet extreme length : if properly
built, they will carry upwards of 8 tons cach, at 2 fect draught of water,
and about 17 tons at 2 feet 6.

The
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The fize of Canal fuitable to them, fhould be 18 feet on the water line
where the banks are fteep, and in favourable ground 21 feet, to admit two
laden boats to pafs ; wherever not fo, for any confiderable extent, it muft, at
convenient diftances, be made that width for the length of a couple of boats.
Where 21 féet wide, 3 feet 6 inches depth of water will be fufficient ; and
where narrower it fhould be decper; for, wherever the fection of the Canal
approaches nearly fo low as oniy 3 to 1 of that of the hoat, confiderable
incenveniencies arife both from the increafed refiftance of the boat, .and the
damage to the banks from the counter current to fill up the {pace the boat
leayves in her rear.

In the proportion mentioned of 3 to 1, the increafed refiftance to any
ufual rate of going, will be nearly 2 3 * times what it would be“in open
water, as the boat muft move 3 feet through the water for every 2 along
the Canal bank, and the counter current along the banks will run with half
the rapidity the boat goes along the land ; from which may be congeived
the tendency of narrow Canals to fill up by the wafhing in of their banks,
and that the tracking againft a moderate current in an open river, requires
lefs force than the moving in fuch a Canal, belides poffefling the advantage
of favouring the boats in going downward. Thefe circumftances I chicfly °
inention, becaufe the Navigation I fhal! recommend, will be a contiderable
diftance in the river.

Thofe acquainted with the County of Wicklow, may reafonably objecl
to the pradticability of extending the Navigation far into the country, on
account of the vaft afcent, which would be too expenfive to be overcome
totally by Locks; but oa refleéting that the fteep and winding face of the
hills neceffarily confine to the ufe of fmall boats, and that there are fitua-
tions for afcending at once 70 or Bo feet,” or whatever heights may be ne-
ceffary to penetrate into the country, the difficulty will vanith; and it will
be found, that the means of effecting this avork will be fcarcely half as ex-

* Not uniformly fo, becaufe at a diftance from the extremities of nny'level, the water in
front will partly recede without rifing to its full oppofition ; and that in the rear, partly
.come in to fill up the vacuity left by the boat, .

penfive
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penfive as the ufual methods of penetrattng fo far, and afeending fucl;
heights in countries favourable for the commonaftyle of Navigation.

Part of the plan propoled is only applicable to mountainous countries,
. . . . » . »,
which enjoy this peculiar advantage, that if the rife of level be made on a
point dividing two rivers, the afient enables both valleys to be navigated,
‘Fhis mode of Navigation has its limits in pomt\of eligibili l, in ge
. g as its n pointof eligibility ; and, in ge-
neral, where exten(ive, muft be & mixed one.

——
—

Extralls from a choﬁ.‘ on the Meafures to be attended to, in the Survey
of a Ldne of Navigation, jrom Newcaftle-upon-Tyne to the Irifh

Channel.
Newcaflle, 1795.

TO moke a Branch Canal, to and through the mining country, of fimi-
lar magnitude with that propofed from fea to fea, would be extremely ex-
penfive as well as unnecefTury.

. On the fice of a mountainous country, where there are fudden bends and
“lietle {oil, boats, from the firft caufe, ought not te be long ; and, from the
thinnefs of foil and declivity of the ground, the Canal would be expenfive
to be cither wide or deep.  Bridges would alfo be coftly, not only from the
expence of their erettion, but the difficulty of filling their approachics on
the downward fide. I therefore recommend a Canal of only 3 feer 6
- inches depth, and at every high and bye road, that there be a paved ford
of 2 fect g inches Jepth, the downward fide of the ford to be an overflow,
fo that the water can never rife materially higher, and horfes and carriages
muy at all times fafely pafs. The widch and length of boats an thi
Navigation, I. would advife to be half of what they will be on the muin
Canal; fo that, if found more cligible than re-thipping their cargoes into
“the large boats, four of the fmall ones may proceed together, and pafs
_ through the Locks with the leaft wafte of water that the feparare plans will

_ admit of. Thzfe boats fhould be of the contru&tivn of the Birmingham
rows









i _|m.|l !ﬂﬂ-ﬂﬁihﬂ.“*wl e

o i FE hadaias

Hate 2

Hidborn .
'.

S Livlor 56 Hioh

London Dublishod bs I

~







L 3 .
GULPIH OF y

PE-TCHE-LEE

f :
; i
oAt
119

3 ﬁ'-._ Y PEKIN & €ANTON | -
™ ¢ 9

—_— b P

> o : SKETCH [
Fohuo tohoo i N 2 e 4

| - ; . of e !

| j r , Interior Navigation * i:‘
® , ! ' : . o |

l & L "8 o _ OF CHINA iy

[ P CANTON 1. between B a3

| Ry - - 0

'

l

!

| Vi b -

M o~ _—y | X x -"if]‘aq;;alifuvdﬂbu;—.

rr- . P





