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the diftance i>tcw('tn th~· centrr of e;n"if}" and the mer3Centrc:· mulripJicd 
by the: weight of the ,!clfd and cargo, which '11U{1-, confequently, increafe 

until it arrive at iu maximum at 90". 

Alfo, in veffc:::ls of !.his (orm, the mecac('ntre continues at the rame height 
above its bOltom, at whatevrr deprh the vdfel may floar; bl1[, in poly­

gons" the: cafe is varied, and iQ the reCtangular form very. cohfldc:rabl)'. 

It is obvious, that no flo:uing body can be: naturally llt reft, unIds its 

centre of gravi.t}' be fupportC'd vt;'nically by the centre uf grJ.vilY of the: 
fluid difplaced j or, in other words, of the part immel fed. 

In a p3C'eUelopiped, Or fquarr beam of timber (fuppufc:d to b(' },?moge­
neous), its centrt': of gravity will cJe:uly be where its diag()l1ab ;nteritct 

(vide: platt l. fig. IlL. and IV.), and ifits cunverfr [et.Hon be t'q \,i ~lttr.l l, 

it would, when floating on the water. obviouOy rrfl: on an r'lllabic fl'ppun. 
either on one fidrJ .01' with one angle downwards; but yet, it will noc re­
main indiifC'rC'ntly in eirher pofidon i for, according to circumfiancn, one 
of thc:fC' }Jofitio~s would be what Mr. Atwood caUs, ' u the equilibrium of 
ftabi1iry. in which the .Joliu fll)ats, JX'rmant:nlly,~ in it given polition i" ami 
the othC"r woulo.l?e " [hI! rquilibrium of intt..l bili ty, in whirh the (oliu, 
although its centrC' o~ gravity and that of tht' parr ilnmcrr~d arlO in the 

fame vercicle line, Ipontancou(]y overfet~ unld"s fulbilll:d by extern;!.1 

force . " 

When vefitts of a recbngular fdHon are ufed in Canals, they are necd­
farily to fI(.o3t on one fide, or face of the fquare i but Mr. Atwood has 
dearly demonftralt'd, that in many infiances they havC', when the, centre of 

gr2.vity ' is in the Ccotle: of the fquare, 3. tendC'ncy to overturn anti float on 

their anglc!>; which Ihews, that under there predicam1:nts, Mr. Fulton's 
boats of four f~et width, could not carry their mean w1:ight of boat ;lOd 

C3rgo -fo high as tW? feet from the outlide of their boCt0iJIs; even without 

• Whe:~ the: traWl/trre re£l:ion i5 a pOrtion or a cirde, tht meactnttt mull obl/iouny be 
in lilt centn: t,( rhu circle, becaurc, a cytinder of h, mogcncollS ma,,,r, fiO;ltiDg on itt; 
We, woWd rei': i.ndiEUCRdy wi1h I»y pan upwardio 

E. any 
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any allowance (or the requHite rdiftam:c, thty Chobld be capable of making 
• to the weicht of a man fteppjng on one fide. 

The following are, according [0 Mr. Atwood, the equilibria of {lability 
,}f a fquare parallelopiped, whore 'centre of gravity is in the centre of the 
Ji}u:uc, the full ~epth or one fide of the (quare being unity. 

Piftriotl i" wbich it W'Il" 14al ,,,ma­
tIltltI,. I Pljil i", if B,d, immlrJtd. 

-_. -
1ft:. '0 to .2 J J and from .789 to I I With a flat furface horizontal. 

• d. 

3d• 

1 
(The flat (urrace jncJjning, . progrcf~ 

I lively on fundr), angles increaf-

f" to .25 
ing to 2.61.1 34-' when cornfpond • -1 iog with ·'l'S. at w~ich time the 
[ur£acc of the fluid will be: coin .. 
cidcnt with one of the angles •. 

1 

.'1S to .'1813, 'Viz. ';r to rt 
and from -71 877 to .75, 
'Uiz. -it to H. 

With the diagonal lines in various 
angles with the vertical, until it 
becomes upright at -Ir: in afcend .. 
jog from .. A. and at H in dcfccnd .. 
iog from ·H, at which, and ';0 
the! angles are! 18° 26'. 

4th. } FrOm .'l~ 13 ~~ ·7 1S77, viz., {With the diagonal line vertical. 
from 'tT to Tn 

The )an: nlC'nriontd depths obviouOy include all the" proportiol15 at 
which narrow boats could conveniently {wim i therefore, they "Will be the 
lefs able to carry their burthens llt llny reafonablc: heighr-

Thefe different politions arife from twO caures; the one is, the natu~l 
tendt:ncy that thl: centre of gravity of tbe whole mars ~ to become as low 
as polJibJe: and the other, the tendency which the centre DC gravity of the 

part 
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part immerfed hu, to becbme as high as MffibJe j which, con{equcndy, in .. 
crcafes the width of the" line offlotatbn, or the {iJpport on the water's edge. 

I have already !hewn -, that Mr, Fulton's boats of four fed wj~thJ will. 
with the Jading he mentions of four tons in ~o feet length, draw two feet 
3i incbes water; aDd the boat itfelf, withou~ the wheels, which are of no 
mom~nt in this inveftigatian, would draw fix inches. 

A s the ' depth ~he boat would draw Jaden, bears the famr: proportion en 
the width or fidt: of the [quare, as .5729 to I. it falls under the ",tb, or 
Jail: predicaRlC'm mentioned in the preceding table ; and would naturaJly 
overturn if the centre of gravity were as high as the point of interfe8:ion of 
the (quale. vi'l:. twO feet from the" bott~m. With iron-ore. limefl:one, 
and other minerals, coals excepted. there can be no doubt of it5' carrying 
its cargo fufficiently ptlow the metaccntrc, or overturning point j and, a, 
coals are r:rfential to this fpeciC's of Navigation, I now procect.! to invdl-igate 
how [ar it will carry the quantity eftimated. 

Coals, although fpeci6cally heavier than water in general, more than onC'­
fourth ,. yet, when broken, 3 S uft/ally fcnt from the mines, a ton weighr 
occupies a fpace of nearly So t cubic feet; confequenrly, as 2 0 fCet length 
of boat is to carry four tons, or :100 cubic fect, it fvllows, that each fOOl! 

length mull: require a [('aion of .0 fcct, which, divided by four feet, the 
oudide width, leav('s two feet fix inches; to which we have to add eight 
inches t for the proportionate quantity of matter the boat ~ compofed of J 

imd the wllole height will be three feet two i~ches: the centre of gravity of 

• Yjde Page IS. 

t 'Wheo ~ neck, or {m:UJ pf the coals IiJI up tne V&C1I:itiC8 of the la!le piac:ce. le{1 IN' 
4i cubic feet will weigh a to.; but it would be unCafe to C:~1J1.ate on thia ClI:1reme. 

, l Viele P.ge n. 

whit" 



which will be one foot {even \nche$". admitting- the boat itfdf and the 

cargo to be of cy,ual fpttific_wt.:ight 

Anoth er cirrumfiance is, that unlds the centre of gravity lie {ufficirntly 
low, boats of t1ii :s fi)rm and clepth, inftead of progrefiivdy increafing their 

rdifb,nce as they heel, or ind~ne to one fide, wiU at fame given poim di~ 
milJi(h ie, W~ haveJ however, oniy now to confider, how' {;u a Canal 

boat e:tn be ;;dmitt~d with fart:ty to heel, 'which J conceive co be about'one. 

tenth of its wiJth ( = 5- 44' 21"), which 1 (hal] affume as a d,ltum ; and 
proc('('d, .1ccOIxiing to the mtthod laid down by Mr. Atv.:Qod, to examine­

huw hig h the metacentre would be under this giving inclinOltign; and 
wh ,!t weicihr {he boat would bear lipan its gunwale, with its centre of gra .. 

vity ;It tht: ht"ignt of olle foot ft:vrn inchts from its bottom. " 

Plait L Jig /ire V. ABC D !hews the feCl:ion of .the boat ddcribd i 

which is ·bifeltrd by the line x 6. tv 'IJ is the line of flotat ion, or wattr­
line wht'n llpright. and. drawing 2. (N"t J ~ inches: c b the water·line wht:n, 

inc!ined SO 44' 2.J~: g the cenm: of gravi.y of boac and cargo at one foot 

{even inchl.'s above the bottom. 

The centre of gravity of the part immerfed in water, whtn the boat's. 

bottom is horizontal, is cl!=:arly 3t [he croffing of the diagonal lines w C and 
"V B, vi2., at r, and whenever the boat heels, it muft turn on the iXlint .'( t, 
which is (he middle of the line ofaatation; and on immerfing the rrianaie 
b X'l1, it mult raife a limitar triangle 'ttl x ( out of the water. Le:t a reprc­

fent the centre i of gravity of the latter of thefe triangles, and J utat o( 

• Accardin&, to tM premift, aH'llmtd, tht fpecific gravity of tbe *t'i, to that of Ihe 

u.rgo, :u 48 10 SO, con{eltllcnll)'. fufficiently near Ihc (arne. This !mill diEc:iencc wiU 
be more thl ll counlerbalanced by Ihe' c;argo being higher in tbe middJe thaU'llt u.c fidlN ; 

which. ~ccording 10 tne heiiht given. are but two fttt ten. wbicb.1s foar incht. &Ort ofthc 
eftimilted prjlmalic beighl. 

t Any C'6'ell in removing the celltre of gravity arilinf from til" wfe that may occ&Uon 
the heeling, nllt being taken illto account as toO inconliduabk. 

1 The politio!!; of whicn will be lWf).WrQa of \.he Wila,," Uom 8 alODg. IiAc. b&{caiag 
tbcfKc'Wt, vi.,;, two·thittL of ... r , 
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the other; then the ditb,nce betwe~n thefe piJinrs (which t:1 ke'n horizGn. 
tally. may in all fmall angles be aITumed 3S • of the width of the boat) 
will b(' the eX,rent which th e f!Jpponing power of the triang le has movrd; 

therdore, ·the ct'IlrI'C of gravity imzm:rfi:d will be tt:moved horizont3.lIy 
(rplll 11 , fueh p:.rt of C.1'l inches ) the h~rizor\ta l dillance h~twcl' n n. and I. 
::IS the quantity of the tfi:lngle i .~ to the whole bulk illlmer~ed. viz. ,IS .603 
iSla !l7.5; or, as onc'fourth of th{' (pace b ~~' is to the rl' :~ce v C, which in 
the:' prefent infbncc amounts to .70 17 inches, <l~d is txprt'fT't'd by th ': line 

I ..t.-If from k a vertic;l\ li ne be dra\l.'n, it will al 111, when':: it intcrfn9:s 
rhe line x (; (biretl:ing the boat) !hew tht: h("ighr at which rhl' t"qlliiii.JriUln 
'of indifference will bt' , under the given inclill:1! ion, which, in thili infiallce, 

will be at 7.0 17 inches above f!, or the half draught of the bf)lt; and 
confequei1tiy, 20.767 above · the- ~o[tom, viz. only 1.767 in (' hl" ~ auo ve 

what has been fb red .as the centre of gravity of th t" bU:1t 3.nd cargo. there­

fort:, tht: fule powe" that tilt" boat h3.~ to right ierdf, is the thort fjla,:e 
that g lit's wi thinlide of the vertiC-Jl line from l in:" Ct:U l rt: of fuppofr~'; 
which, at the given angle of incnnation, is only one- tenth of the fpace III g. 
vi z. .1767 inches ; on which the whole weight of the bat :mtl cargu is, 
as i~ were, filfpcndcd from that length of arm prr~je[t ;ng from die lnefa­
(entre nt, viz, on 0' tn, which is carabI..: tlf fllflaini ng;t weight upon the 

gunwale D inverfely to the length m " ='2~. 2r\1 inches. T he difJ1ro­

p ortion between thefe jg 142.6 to J. and as the weight .)f t he boat and 

cargo is 10 2 cwt. the powe r capable of giving the inclination S'" +4' 21", 

(the vertical' deprr!Jilre of one tenth of the width of lil t b03.t) is only. 71 S 
cwe. or 1efs than half the weight of a man; conrcqucn tly, Mr. Fulton's 
and Dr. Anderfon's boats are not fuited to carry coals to the extenr men­
tioned . and i f not fuited (or coals fa , that c);tttnr, it is (dr-ev ident th e-y 
are not {wttd for hght goods, for grain t or malt, or even for timbt:r and 
ric-a]a. 

Not vertically, but in tlte bifetlill:g line It h. which il rererred to throughout; the boat, 
.as. before ftared, drawing 1 feee J t~l:alf inchf ~ . 

t The fpeci" gnvi ty of wheat in hulk is nearly that of coa.! •• or from .6 till So eubic 
(~,t to a Ion. but in 1).1,5 (as it mull bc 'i~ thofe hmts) it wi" !ICC ' p, 1R0re fpo lce; I!IC 

o ther fpedes "r graio iUI: lighter; GaU ale pardcwarl), fo, and UUII i~ u .. ,jC! the faDIC 
FcWtamcru:. 

It 
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. It muO: alfo furth~r be ("nn£i!tered, ;hat no articles, capable of damage 
from· w:tta. could be fufli;red to reft on the flonr of thcfe boats; (rom 
all which it follows, [/:at fuch boa.ts as I have recommended of 4 h:et 6 
inc~ts width, :trc of the leaft breadth that a Canal for any gt'ncral purpofc:s, 
flwuld be calculated for. in any fltu:ltion; ~\nd; tnat the raifrd edling. in 
theft: boats, is flt:ceffary to afford a receptacle for leakage. or othtr warer. 

It 31fo clC'arly fi)Uows; "from thefe premifes, that boats ddigned to dif­

charge their cargQ(:s with floped ends for that purpofe. muft be of a fEll 
grt:3ter ' width; becaufe. carrying their t:argoes higher;-Th;lt width, 
'Without c:mering into calculation, ) would propare to be five fect, and the 

boats [0 be made proportionably fuorter; in which cafc, a grt:;ttt:r num­
ber might be fixed tog('ther, to form what I 01a11 call a conjoi."led-boat; 

~ith('r two or four of which. according to circulnfta.m:es, may be cracked 

by one: horfe. If the Canal be remarkably ftraighr, )1 greater number may 
be conjoinrd j .and then only two fuch boats be drawn by one horfe at­

tacheu to a chock, or fllOrt ma(l~ !tanding about one-third of the dift-ance 
from fiem to fiern, of ruch conjoined boat as may go foremoft: to the 
fiero of this, [he ftem of the fecond conjtlOEtion of boats being fafiened. 
a boy may fte('c the whole by means of a pole fixed like a flat-lying bow. 
fprit. [0 the hea&'moft of the fecond fet. which will {erve as a tiller to fleer 
the preceding one, the latter aaing a! :1 rudder t. 

But fhould the Canal not admit of,a great length of boac, then. two Cds. 
a3 above defcrilxd, may be drawn by onc horfe' j thefe two fe~ being con­
neCted not by their ends. which would prevent their being ... ell fieercd; 
but by a line core.municating between two {bort mails, one: in the latter 
conjoined boat of the firft fet, an~ the other in the kadinl ODe of the 
fecond ret (in rhe: fame polition as the maft in the: tint conjoined boat), 

• 
which will give room for the fc:cond fet" o( boats [0 be ftcered as well as.. 
the firft. In the narrow boats dercribed by Mr. Fulton, he don not feem 

• Ql!ick.lime 11 of tOllr(e excluded. 

10 



( 4'. ) 

to be aware or the rdilbnce· arifing . fr.m friction through the W:ltcr i 
which, according to Mr. Atwood's remarks on the ('>:perimcnts m:lde by 
order of tlie Society for the improvement of Nai1al ArchiteCture, amounts, 
on wood planed very Irnooth, (Q 901b. on 2SS fqua re feet, when moving 
It 8 f~et·per fecond; andJ confeqllt!ntly, mut1: be conydcrable on rough 

fidtd boats, which all will faoner or later bcc~me. 

In feveral infiancts, it might be eligible to navigate thefe {mall hoars in 
·tong levds 'Of exiRing Canals on the large {tale; ane! it may frt()utOndy be 

done to advant3'ge, by making the boats nearly ont h:11r or one third of thr: 
width of the locks on luch Canais; ;;md each conjoined boat, eithl':r c'lual 
to thetl whole length. or half Ir:n~th of the L ock, fo that the gr-eatcft ton ­
nage pomble may pafs at one time t. It muft, howevrf. be admitted. that 

.• Mr. F\llton. in Pilge 3S. rly'. tha.t bt _ hopes ht ha., illtwn •• that rrflftanc r. from fhnpe. 
" in Ilow movement!. il inconliden.ble. and tlut the true principle of cOllveying gooch 
n chap, when expedition il not required. is to move tlow and t :.kt. a qU3lltity." 

Th.H this priQCiple to the extent he prepa(e" i , ineligible. and not always praflicablc. 

l,thick ja (ufficiently ",le3r, from wh3t has been (lid of the necclfLly of confiJerable motion 

through the water, to keel' Ihe boa.u off' rhe {hOtt, or of(" the C;: nlf B3nk"s. which, to the 

climber of 10, IS. af :co, could by no means be brt right by Ollt Ulan with II. boat.hoo!:. 

_s fuggefled by Mr. Fulton. Page. 38 • 

. The explanatory note hr has given at the word qu:mtity. is not relevant to wh.lI ought 

to have been proved;. as the reafoning and rIl3theml.lieal oC'dultions there, afe 0 •• 1,. appli . 

cable to the rc:liRancc -of di5erent veloeitie. of one and the famt boat : aul! not to difte_ 

renee of'\lleight or quantity difpe-ned ill numerolH frnul boa':s, in place of all. or a portion 

of it. being ptued in • ringle greaicr ont, the truth of which will arpcar by adverting to 

what it weU ~Qown to be the cafe in Ol.ip_veITels of limilar forms. blH of different dimen­

~" will ~rrr bu.rthen. proportionate '0 the Ciolbe of ny of their dimenfion. , vi;:. if 

dOuble i~eir proportions, thtir burt.en will -be'increa.fed eight.fold; but tile fails. \\ hit"­

fonn &hei, moving power. "",ill ooly be enb.rged ill the {quare of that proportioD; of courf. 

ani,. f<.ur-fold : Yet !.he luge velI'eh will move with equal or grt;l.t(cr ctlerity than the 

(maUer, therefore, a vtlkl of twice tht width, &c. will only reqloliflJ half tht proporlionat .. 

force to give equal motion to the fame quantity of tonnage in the lell'er veercl, fu f4r a t re. 

htn'to cenera! principles : th.e rift drpcnd~ on roJ'!'ll, proportionate weight of the vcJTel it,.. 
{elf; quantity offurface. &-c. a5 hAl betn ~rea.dy notitcd. 

t It tNoy fometimca be cl)gible to bave 3 conjoined boatt. each confiftillg of two paru, to 

occapy Ute area of the Luck; 'whidl would be attended with no mattriIJ IrO\lblc, a. it 

wolllcl be eafy to fep.race aad conjoin the IWO par~ of Ihe middle bfHt. 

F 
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thefe' boats· thus joined; will be liable cd accident (rom the i'hoc!.:. of the 
great bOals, as well as much i';convenienct from the agit::ttion of a wide and' 
det'p t Can:ll, and alfo,ithat the hoats would be very liable ro bec~me 
leaky if chey have (ar to rravel.on bnd" eieh!."r from coal mines to the 
Clnal, or from the Canal to any particular place of confumpcion: chert·­

fore, J conceive that , in f~me inftances, particularly in the convey:mcc: of 
minerals, it will be better to' have bOJ.ts of great length, fo conftruCtrd, as 
to have ,3 double railway lIpon them. and to carry two paralld ranges of 

waggons i a )Jlan nearly fimibr has long Gore been talked'of; but, cxcc:pting 
on ~ (mall ftale as to magnitude 0(- waggon, has, I believe, nevtr been 
carrit::d into effect, from the following caules, viz. the difficulty or getting 
the waggons in and out ~ the qanger or ftrailling the boats in perfuming. 
that operation, and the rilk. of their being ovaftt in . high winds .. or from 
other caufcs. 

T he fWD firll: obj~a:ions r propo(e to remedy, by h3ving :l dod< :tt the 
l'Jace of loading and unloading. in which the boats /hould be- laid aground ~ 
wllich may be done with very little laCs ofW3ter. as they Ihould be uniform 
in their dimenfions, Aat bQttomed:t:, and nearly filling the dock j the bor­
com of which 11lould be fa high as juO: to admit the laden boat to Boat 
over it. The boats bc!ng always ladcn and ~m(aden in . a. dry dock, it 

• Uthe bo&t~ be (a large as to go unconjoined. , or with on11 ant jlllll\ion" ~hich mI.,. 
be done on rhe plan of carriages under the bauI; thell little .inconvenience 'or hazard ..... i11 

afire from navigating the large Canals. :BlIt even in tne plAn of moving on carriq~'J th. 

Ixm~ aie fa thook in moving up and down the inclined planes a'to become leaiJty; to n:­
med y which, 1 would-proplfe that the carrigge!, whue ,he boars 2re Lugc-. lhoul~ move aD. 

eight ",hcd •• four on. eack fide. and Telling on two axes paning through the middle of 
parlild ban Nnneaing: Cii.ttl pllir of wheels.; ~f colI,{e. tbe railway woaJd be Idrljable tl) 
injury, and ttl, fuock from impediments would be reduced_ The latter may be nearly ob.­
yj:l.ted by any filflplc c.oo.mYaN:t to {~ep the raua, which may proje8. (tam the curiage and 
pretede the whceb. . 

t b thallow Cmw. \he "".yet cannot rift (0 high:u i.· deep Ont., or be fa far afllll.d~. 

, Excepting a deep i:e.l to ~cp them from driyia& to leeward J to rlwyc .bitll .. there 

.alIA be a ,roon i.II. the Igor Q£ t8c dOck. 

"lIows, 
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"~follows, tl)at th~y mae have- leav~s at their ·r.llds to kt down to :my requi­
lite depth; which, when mirc," up a~d (c:curt-d. may be kept tight by 

tht:prdfureofthc watcr :- thc lilf\:a,ining pilltforru :my. therefore, be 011 th e: 
ceiling of the boats, which IDly be railed hy deep floor timbers, (0 as to 
fupport the boats fidc s1 and raife rhe ceiling · :lUO\'C tht' light mark, both 
for the purpofe of preventing the bOlts linking from rhe leakage of the 
leavts, when not in ufe; ami to avoid unneceffary de fcent and aCcent for 
tfH:' waggons to and from the d ocks, chr railways· at the c.ld of which, 
fhouhl coincide with thofe on the platform of the bo;ltS. 

The [r:l.nfverfl! fdt ion of thde boats I ptopnfe t(l be a ponion of a poly­
gon, as carrying the mf:tact'nttt' higher than a fyuJl'e. and a:; being Ids lia .. 

ble tQ cut down. the fides of the CaJlJI. 

W ;:ggons of feV(:n feet fix inches outride I ~ nf!;th, fix feet oudide width 
:n top. and four- feet depth, with their fides anJ rnds crmr raCl:ed ['owards 

their bottoms, contain :t me:afure (inclufive of the: heap ~{ top) of J 3 5 cube 
{t ee, or a Ne:wcaftle chaldcr t of coals, which Jhoult! weigh 53 ewr .• ilmi 

r.uing the waggon and whee ls at J 5 ewr. t, ca-.:h hdrn waggon will ~hrn 

. be 3.4 tons i cO!lfeq~'l'"ncly, 16 waggons. whi ch will occupy a fpace of a t 
lenn: 60 feet length and 1'1 feet ... :irirh, will we igll 54.4- tons. . The" boat for 
this ptl'rpofe , 1 propafe to ha.ve naping end ... [0 far contracted as jufr to 

.admi t the paJTage of the waggolls, and to be of 6+ fe~t average Ir.ngth, 1 r 
free width of bottom, I + fee t on the gunwale, and 4- feel hcieht fl'om the 
Lottom of [he boat, to the glJllwalcJ as by the fce ion in Figure i. Piate 
lll . 

• Wh.ich Iboold be <Cl1lllkcd and made tight. 

t I .!hall form my detlll ttions frol'll w~ggolls of thi ~ J!lell.rure. :h being the tbndartl uf ule 
great e~l country ; nnd qually upable of bcinI: rcu.uced to other mcafu~ •• at all}' other 
.proportion 1 might have allumed. 

1 The w.Ilggonl witA lleav}, whedl of upwards ofchree fcet dinnctcr! weigh .. 1:u)Yc a too} 

but" :nay be reduced to the weight (b.u:d, or tci"s, 

F l The 



The light dr:l\lght of the b0.3.t may be ids than TQ inches, but'r win ar­

fume it to pe brought to that depth br baJlaft be~een the timbers:­
the bre'adth, on the water's edge, will the'n be J t feet 7 ~ inches, and the 
feCtion i'~merfed will be 9'417fuperficial feet. The cargo as ;!forc·men­
tioned will be 5 .... 4 tons, which mtJltipliui hy 36, [he cube fed of wnter 
in a ton. and divided by 6+, the length in feet of tke boat will give 30.6· 
feer [or the feaion the boat has to be deprdfed, which will require an in­
creafed draught of nearly 2 ftet 41 inches, or in aU 3 feet 2T inches, but 

(;iY J feet.J inches6 

Admitting the pyramidal heap of coals on the top or ,he wnggon to be 
equal to an addirion:ll height of 'four inches on the 'width of its bafr a ". 

the centre of gravity ofche middle pare of the waggon (of three feet bafe) 

allowing the top and bottom to be of equal length t ...... ill be at two f('C' two 
inches i and by the ,two triangular prifms (eath of 18 inches baCe). it will 

be moved nearly 3 incht:s higber, viz. to ~ feet 5 inches ~bove its bottom, 
which will be about 3 inches above the centrt of its wheels; and calling the 
wheels 2. feec diameter, the centre of gravity will be raifed 3 ft"et 8 inches 
above the fupporting rail; which, according "to the plan, being I (ODt S 
incht=$ above the boat's, bottom, makes the elevation of th~ centre of gra­
vity of the lading to be at 4 feet I inc;:h. The centre ' of gravity of the ' 
boar will depend all the proportionate timbering of its bottom an~ fides, 
and the iron or ftone balhft it may have in to fink it to 10 inches.i ana if [ 

• Let 1 e,'(pre(s the (eaion to be immerfed. "iz. jo.6 fup, feer. 

~ a=the width of light fiotatio:!. viz. Il.6:) feet. I 

x==,he iftc:rca(cd depth fought. 

'. 
Then, as the bo~ltJ lid" CrYUh&lIg ClIl;h of them j of thel, height. the equation wiJJ ftancl 

l.!:: s,bUII, 3tJK-t 1\' :: 1, andthe«(lllt ... ilIheK=~<..!./+!, ... ·-•• :::t, .. oS· , 
. . 3 

t They genenlly art' not fo. but were I ' to make an)' other (:llcul&tiOJ'l. it WOLlld only 
be on a particLllar inftance. and the weight and polidon of the: "hecla mGft afterward. ball. 
10 be accounted for: I therefore. fbalJ calculate a, abolle, and Icue the wkoll II:rtG axle­
trees II • counterbalaD(e for the defic:ien,,. .of the 1~ of boCWD, w~ die), will in g •• 
aual be (wly equal co, . 

aJl'ume 
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afl"ume it at 18 inch~, from .the bottom, it.will be more than (ufficientJr 
high, The mean Centre of gravity \1;11 confequently lie between 18 and 

49 it .... hell, in th e inverfe proportiun bt.::: ween 9.4;: and 30.6. (rhe propor­
tionl~e magnitudes of boal .. nd (at ~r.l) , which will fix it at 41,55 inches, 
Tb.\ centre of gr:tvil}' of the L: :lk immerfed will be fa much above the 

half draught of water. 19.5, ,15 tht: twO triangles w p nand 1.' r; C. (Plll'~ 

III. Fig. L) whore centre I)f gl ,I\'iry is :It the height of '16 incJl~s. (viz • . j. of 
the draught of watrr) "" U1, in th , lr ratio to the whole bulk'raife the com­

mon ( (" ntf(', viz . as \ 3': +.} or J 'J : .6.5 : : .;. of 39·: , .6+8·, which. added 
to I y.s . will ~ive 10 .1 48 im:hcs f l i t the mtan centre of gravity of the part 
immcrf:;d. 1 Ihall in this omt, :he lame :1 ::0 in the prt'cediug ont', admit 

[he uClnort exct:nt of h .:. eli n ~~, t' .• lit r 44 'l l'"'; but the motif' offinding [he 
rcfult, will be fOlllt'whar lnort' complic:ut'd than in the formn (lp:-r:uion, 
bl."caureof the diffi ,miariry {,Fthe (rjallgl l' ~ funned by the intcrfd : ion ofrht: 
two lilies of fivt :llilJ1J, and tht" con!';(luenr inllabililY of the point of imer-

• fettion, which, ill vdlr.is of paralld fidl!':d {ta ion at the water's edgt'. 
thr(Ji,lghout the extem of heeling, remain uniformJy the fame. 

The dt vi;nion from the pn>.c<.'ding: rules. will ulily be .. explained by 
having r('courfe to the diagra ,!l F~'{, lIl. Plf4lt III. ill which All .E b is 
the tranfverfe fettion of a vdrd with Hn:ig:ht oVC"I"hangi r.g fides i and fJ is 
the point of intcrfdl.ion wpere the fitlc:s would met,. il prolongt d down­
wclrds.-x 9 is a line biielting the angle of junCl. ion of the boat:; (i~ks : Olllli 
w 'V. is the li ne of Aoracion at right angk~ w; th j,. q. when th~ boat is) of 
courfe. upright.-t h is a line pJ.:·al!eJ ro the li:le-of flotation. on the ooat 

ha"ing .heeled any given quantity eq uOII to the L b j,. 'lJ. This Jilll: palTcs 
throll~h [hr= middle of the it:Yf'lline of notatio ~. but C;JnnQ[ be the true 
p ofition of the indined line ; bec:1ufe the quantity of water dilj>iared 011 the 
fide heeled tow~s. Olnd left unoccupied on rhe ocner, millt of ne !.' e~fity be 
equal i and tht: triangle b 11 x) is obviouUy larger than the tri:lIiglc un". :_ 

• ·Viz. ·A., the width of the boat. bottom + the overhanging of anI:' fU!~ on the !ine of 
Ilouuon. it: CO the di lfercDcc between the two CClttrc. of gra vity (vi:l. :6.-19,5) fo I~ tile 

¥aWe oftbc two triangles (whith, at they arc equal. iii c.xp:dlcd by tht bafe or am: 01 them) 

to ~ tcMt. 

therefore, 



therefore, the real line of flotation.will be lTIot"!!d [0 Far downwards, to­
~ds v, (fay to C H) as to equalize the two triangles, tv X C, and 
H ''x 'L'. - To find the prtdre polition of this line we have the following 
data-The triangle, C q H mull be .equal in area to the. triangle, 11.1 '9 'L',. 

bccaufe the triangle, H X 'V, is equal to the. triangleJ tv X CJ : and , t~e 
L A IJ P being 'common to both the great triangles in qudl:ion, the rcttan-

. -' 
gle C 'I x 9 II muft 'be eqwl to 'W q .x 'I v Ii viz. to 'W 9 I as 'both thefe 
lines are equal. ' Thefe·c,ircumftanctsJ combined with all the angles being: 
given, lead to the following opera,ion. 

Let w p be drawn p:arallel to the inclined line of flotation; on -wllich line 
W PI let fall the perpendicular 'tI J, the value of which will ,be. the fme of the 
angle of heeling, the level iine Qf flotation being radius:--w J' will be the 
Hoe complement of tnat angle. The a~glt= s 'V p is t:flual to the 'angJ~ of 
overhanging oftne boats fide + the angle of heeling!viz. = L X fj V -+ L S Ut 

,fJ) and 'L'S being affumcd as radius. s p will be the tangent of the angle 
mentioned, and v p its [ecanc: con(eque.ndy, all the fid(1' of the triangl~ 

w v p are attainable:; and the triangle H X 'L' being fimilar in fpt:cies, iii 
fides will alfoJ?e dettrrninahlc from the data premifed. 

,Let II rc:prefent the line lrI 9 or 9 'lI 

• -qp 
,t/ wp 

g W'VJ the 'le:ve:'11ine of flotation. 

y qH 

• Ie 9 
,We~n ~vc~. following c:quatiqns and proportions e )=~ II ' •• JI = 

8a " . 

y 
pan , 

As a: u :: b:y·. · 4) = bl(. =Tlnd yJ. =" (I. cc;mfeq.ucntly y 

. ~Ta fay =111. 
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Tnen 
"'g~ag , 

as h-a:g:: tn-a !-~= lme X IIi 
. v-a )'Ihich will give the por.. 

cion of the interfeaion of the lines of flotation. The value or'l H having 
been acquired, th~t of C H tht: inclined line of flotation follows of courfe. 
The'ioes X H and 1) S will L~ attainable. by the fimilar proportions of th~ 

d 
.,S. 

two tria,!gles p w'[) and H ~ . v as obov(' aared; an X H x -;- will gIve 

the area of tht: triangle immerfc:d by hc-ding·. The mean ccntres of gra. 
vity of the triangles immerfed and faired Ollt of the water (viz. 4 ami d) 
\\'i1l, according to well known principles, be ~t two thirds of the dift;mce 

from X: along the lines X r and X t ; . thefe Jines hifdting the oppofite 
faces of theif refpetlive trianglesj tht'n C H (the indiocd line of fivIatiun) 
being aifumed' to be horizontal, the horizontal [pace between.r and ,. will . 

obviouO,. be a mean between the lines C S and w n ,' ami as S II and J n 

are equal. it wiU thtrefOlt be a mean between CHand w s: confcquently 

h f 
. C H + w.r, . 

the orizontal removal 0 the triangle of immerfion will be - VIZ. 
. J 

the inclined line of flotation + ~t'T1Iile of flotation x N. S. Ct. 01 L 01 

J 

• The leve.lline of flotation of tbe boat in queftion being ' IJ;4375 feet. 
:md the angle of heel ing SO 44 21"'; the area of the triangle in qucflion 
will hr, aceonling to the preceding deductions, 2.'267211 fuper ficiaJ feer • 
. UlcLir:o hurizomal rt"maval 1°7.5398 inches, The cOllfcquem lateral re. 
llIov,11 of d}!': immerftd centre of gravity will be 6.0915 inches. viz. :1:i 

+o.\'lz7 feet. t.he fc-:tion orthr: boat immertcd when laden: 107 '5+ inches, . 
th~ ! hf)rtZOnrai removal of the triangle of immcrfioll; : : .(2..2673 feet, the 

nlogn iwlie of the triangle immtrfed by heeling ~ 6. 915 inches. the lab:ral 
rt' moval of the immerfed ct=ntrc of gravity, which, di vidt'd by .1, (the na­

rural tine. of SD 44 :11" when radius is 1.) will r,aifc tht mtraccntre 60'915 

• The :I~gk of heellng)n the ~gralR (jig_ lII. platl 111.) it u D, which i.o; IMre til"'l 
double what 1 hue fuppofed to take place in L.ln:i! bo.m, .nd i.s draw. of ;I:! at magnitude 
: 1,) make lit\: t;rplalll.tory linei more: fcpa.n.tc: and lli1tinct. 

inch" 



'inches aboTe, '20.148, the ht!ight of die centre of gravity imm:::rrr.d, anti 
fix it at 81.063 aUf)Ve th~ bottom of the boat, Vi ZR 3915 13 il1chts above the 
centre of gr:lVi ry of the boal and cargo, which will g ive a power of rcfill_ 
ance equal to 71.15 tuns upon an arm of Ie.ver of 3'9 513 in c:h~s. \'iz . a 
ratio of ~81. t 3 tons and: inches; a refining force far fupcrior to wHat is 
need ru)~ and, confl!quently . the boat cannot ever heel fa far. 

According to tile rules for upright rided bO:lts, the volume of the triangle 
immcrfed would be tht' line of level Aotation )( N. , ' •. L ()f heel;np;. (rae!, 1.) 

~ - , 
== 2.'26835 feet. The (pace' of removal, at two thirds of the widrn oflt \'d 
of flotation, wouh.J be 107.5 inches; which) mu ltiplied by cq,e fum pre­
ctding. gives a rnio of 243 .114-7 in fuperfici:d (ett and lirH::l r inchrs. The 
r:ltio) according to the method above proceeded on is 243 .823: thercro~c. 
uncler fmall overhanging of the bO:lts fide, the orEration may be ihorrened 
for all praa:ical purpoRs, by adopting throughout the fame rules as for I1P_ 
right ft<led boats. 

The power th:lt w~s m{"ntioned as neceffilry to be guarded :1gainCl: is that 
of tht wi nd. T o judge or dt:1t extent or it, unde r whirh the boat may be 
navieat~d, with the wind on onc fitle, the beft crite ri on will be dr:lwn from 
whaT falls under univ tl'r.ll obfcrv:1cion. J have found from diff~rent expe .. 
rimcnrs. th:l[ wiliu m:lls gt'nerOlUy beg in to reef thl.: ir fails. and Illips clofe:. 
hauled to reef thtir topfaib, when tlil' wind blows wi:h :1n impu!ft of two 
pouncl on a fupcr!i.ci:ll fuut ; ami undt'r (u, h prdfurc it is pretty clear, tliat 
a flat bo.1t o,ppofwg nn ('xtend··d furface [ 0 a fidt wind) c{Juld nor be kept 
off the le ew3,r~ bank, w:thout greater head-w3Y th ;1n' is ufually given by 
tr:lck. horfe!;; ollft:quenrly, no further rdiftance of moment haS to be 
.gu:mJ..:d Jg;.:iufi:. 

The height of the waggons when the boat-has heeled 5° 44" 21""; will 
be Jds than 6 fee t above the: water's l'ilrflce. T he whole range of the m will 
be 60 feet long, and, ~micting the piOjcClion of the ends o( the boac fO be 
cqllal to the vacancies ill the lowt'c part of the waggon;, '!Ie have 60 x 6 x 2 .. 
Vil. a fo rce: of 7zo1bs. a.cting on an- avc.ragt beight of J feet above the ~ 

water. 
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waters (mfaee. The rdftling point fiil! b, nearly half the draught of, w~~er 
of the boat, which. if it h,wc twd:e inches d 'pth of ked, will be :l. little . . . 
more than 2 [!;'tot below the furrace: confequently. the above . fore C wO!lJ.l 
aCt with an arm ofkver of 60 inch,es, and be equal fa a...ratio in inch...:!. amI 
p?unds of 43:100. viz. 11'.285 tons and inches, which. compared with the 
refiing power. is upwards of 14.} (0 t. therefore, from any other cauf;· but 
(:tat of avoiding [he being blown :libort', there is nothing materiil to prevent 
the . d~ck bdng ~aifed nearer the laden water line. . • 

As varioul cafes will arire differtnt from thofe I have affumed, 1 fur!!1 
COQdude with giving a theorem on the eguipoife of ibbilicy, ctlinridmt 
with the rules invc:fl:ig,md by theoreti c amhors on Naval Architetlure. 
and fuffial:ntly fdf-evident to need no demonftnl.tion. 

Let J reprefent th~ natural !ine of the angle that may be heeled, radius 
being I . 

d the diftance between the eentre .of gravity of the boat and cargo and 
the metacentre = line g m. fig. V. plale I. 

w the weight of t.he bnat and cargo. 

Thde combined. viz. s d w will form the reliA:ing power to overturning. 

Lt.t p repn:fent the quantity or prdfun: of the power tending. to overturn 
the boat, or to keep it in tquipoife in :my pofition. 

h the arm of lever with which it ael::s. 

Then we have the equation of s d w ::: p h. (rom which the value of :lny 
one of the uquifites to a fiate of cquipoifc: may be found, where the cdt 

arc given. 

CHAP. 
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CHAP. V. 

On Ih. Applicdtio~ 0/ Whet! Boal, anJ Inc/i",d PI."" 10 Col/ieri';, ."d, 
Injlancei in which Ihat S:tftem tnOJ '" imp,....,.d. 

THE ~rual method, in the great coal countries., is [0 lay waggon or r¥.i. 
ways from the different pits leading to ~ne general way) which rerminl:tes 
at the river or navigatK>n) where t~e coab are to be dif~harged: ' fame -of 
which railways arc in Northumberland and Durham, from 6 to 10 miles in 
ICDgth. " , -

The mode that (bauld be adopted mufl: depend on' the diftance the article 
has to be conveyed to the main river or navigation; and on the form or 

, poGtion of the intervening' ground) 'w~ich 1 {hall dafs under the three (01· 
lowing generalJI!.t:ads. 

1 fro Plan~s nearly horizontal, or with moderate declivity, ·and without 
vaUeys. 

2d. Gtntly declining c,oUfltries, with deep valleys ieading co the river or 
navigation" .~iDg offthc .~oal. 

3d. MountainoUl countries. 

Ih the lirA: inftance, if the horiz!;'mtafline point towards the pl'ace of dif­
charge, a C~nal of fome fpecies is clearly eligible, if the length require: j~: 

' but, if the courfe of difchargc: be in the line of gende' declivitY, a railway' 

. wouh::l gem-rally be the beft. In the recond in~ncc. vi~. of deep valkys, 
it is fufficicnlly plain; that forne part of the bottxim· of the vale 'WOuld bt: 
• proper pl.ce (or difclwging the watfl' of the coi,licry hi. drift, .. hic~ 

would 
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would either reduce the lift of th& wate", or lay the colliery quite dry: 
In .either iflfiances, particularly the latter· J tlte d rift may, as obfervc:d in a 
preu:ding Chapter, be made navigable: for boats of about four t (eet width. 
(uieable to tne balkers or boxes, in which dlC coal may be brought Irom . . 
the face of the works, Knd be continued as' a Canal along the £ide of the 
vale .. until it attain the level of.the flat country. Then, .if the dift,\Occ. to 
the 'Tiver or n:1vigJ.tidn be fuort, or otherwife unfavourable for (he conti .. 
nuance of the fmall boats, they may difcharge. their contenu io be led away 
in waggans . But if. by defcending to the bottom cif the vale, a confider. 
ilble length or level can be obtained in a proper direCtion, an inclined plane 
fot the boatl may then he advift:able • 

• In"the 3d intl:ance, that of a mountainou& COUDtry; thtrt, ge~..,.aily .• will 
be fufficienr difference of elention on :l regul:1r acclivity, tranfverfe to the 
lint of Canal to obttin long levels! If otherwife, a rail-way wiJl dearly be 
the bdl. 

, Ira Canal be refolved on"in .my of there iriftance-s, it will be-come I­

marter of enquiry, what m~ of it fhould be ad6pted: but, prc:viouOy (0 

the difcuffion of this point, I will confider how far wheel_boau may be 

rnade ufe of unckr.ground. 

In the great coal mines of .Worfeky, there art Canals on theet' dilfer­
(nC levc:ls. The firft is on the level leading all the way to Manchelitc, 

which branches to die right and left in every feam of Call that it paR"es 
through: in each 'of which, by means of drifts regular difiancc!lJ the 
coals are brought down the dedlviry of the . bOlu • 

• Ir. tlIu: the navigadon would, of eourfe, be tontio\1eQ. througll Uae lenl of ncry Seam 

of coal intc,{caed • 

. t .Soau of dli. width. will rrcq:~eqtJy be fulicient jf the . eoab be brought Ollt in borc~ or 
balket:s feiced "to the lind conveyaote in th ~ mines. The balJr.it •• if cltcll iu . ;lte iq mol 
p1a.cc; Qlltd Corm, and ""he" {qlW"e. or if with .Ilcdee bottoml, their name i. morc local. 

G. 
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Jot is ohvious, that the diftance' whici- the coals may be brought down, 

will prof;n:mve1y become fa great all to be attended with matcrial'expe.1ct': 
From this caur<'t thti Duke of Bridgewater has fouud it convenient to run 
nt/Ja levels t hrough his coals at a height confitl~rrbly fuperior to the (Un,,:; 
nd (i'om the Manchefler Canal, which inrcrfl.ct.5 III hi, f!:OlIUS, and from 
which other Can~b branch, as already obferycd. 

The higher Canal where it crolTes the main tunnel, .has a pit co~mllni~ 
eating with th~ fide of it, down which the coals are fent from the uppcr to 
the lower boats, and by their dtfcent raiCe a proportionate quantity ofJime­
nont: up :morhe l' pit [0 the Currace of the ground. The charge of the oper­
ation is not gn:at j but C:1C frequt'nt delay atH!ndant 1:lpon this -me,thoo, is 
fu. h. as may render it eligible in fome infbnces to conVey the boats them­
(dves from the upper to the lawn Canal- j and in all fiwations where toe 
dip or fall of the fc:am is fufficiently greae, for the weight of the laden 
bo~is to oVl:rcome friCl:ibn anp other imperlimenrs to drawing the light ones, 
up . 1 c()nceive the fyftem of incli:1ed planes and wheels under the boats 
might be adopted with advantage. It may Hkewife f(lmetimes be fa, where 
toe navigation thrDllgh the "coals is bc:low the prinCipal kvtl; but. in both 
cab, if the coals have to be drawn up a pit. it will frequently be better 
co communicate between each Cana) and the pit. by a · navigable none 
drift; tht: propriety of which muft be determined by the probable. coft of 
the drift, and the quantity of coals that would have to pafs-thtough it. 

Parallel Canals along the feam of coals. if eafily executed. · would 'be eli­
gible every ~ or JOO yaf(is, at leaft, and WOll1d require fei many drifu. or 
tunnels to the pit. "-ElllillillJre dilbnt tunnels would become long and ex­
pen five ; therdntt1 i~ .• depth of the pit and the feeders of water be not 
very' conflderable. it is ob"ious, t~at nl!w pita lhould be funk to cnrrcfpond 
with every Canal, or every other onC', ac.cording to circumftancts • . . J( the 
inclination of (he [earn be moderate. and ir be not eligible to fink more 
pits than one,. it w.ill be advi[cable to link deep enough to corrcfpond with 

'. They were 'taft yea.r preparltl& to do th., by .cotUng In i~d }lII.DC thtou&:ll the ' 
Aooc •• d other At~taJ which 1 am iufunDCd i. now cMPlieccd. • 

the 
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the (urtheR: propofc:4 Canal through C'hp. coal, and to run a navigab.1e turt· 
nel to interfetl: it. The inte rvening Canals thtough . the cOOll, may com~ 
municate with this tunnel, where (hey crofs it by pits, down which the 
co,ah may be luwered to o~her boats. 'rhis may be. rapidly d9ne by pro­
p:f machinery, as the baJkcLS· or bOKes will only havl' to be lifted above 
the fides or [he upper boa!s : but, where the quantity is vcr)' great. it may 

ouen he advjftable to form flet'p indina l pbnl"~ for wheel-boats, taking 
care, of courre, [hat the extremities be fllffi ciently horiLontal. 

J by no means dcfign to infrr. that fub.tcrraneolls Can:tls :m: prope r in 
all coBi t- fies. Thr) J ~, \I','hn ft- beds of co:li lie Iltw'y hori.zontal, :md arc 
much tTOllbled with dykes or filrurl's, raifing or depreffing (he ftra ta on 
each fide, -and 1nve, at [he [arne [j "1(" bUt one work:Jble fe :l.m are under 
tht! worn predicaments; as the re-obtaining of the level of tht: C:mal, in 
the coal, on croll'ing.a dyke, would b:: attended with a cO'llpararively 
great kngth of liune drift, :1I1d no upportunity dffordcd of 'hiking into :ulY 
other fearn, brqught nearly [0 the Jj me. JC"l'J, hy thC' rife or [:1.11 of the 
firata on the other fide. AI[u, ill coliieries favourably. circumt1:anced for 

the formation of Can3.l~ through dlcir feJtns, they can only be digible 
whc:re thore e il nals communicat ~· with [ume other nav igatiun, 3S ::It W mee­
kr; or cheir depth below the fu rfnce. or orht::t r:aufcs. prevent the pJ'o­
p ~ ie :y of having pits m'at to each, other. The indigJbility of many pits 

in dee p collieries, particularly where the watn is to be drawn a great heght. 
is of [en fuch, as to render [ubterran~ous Can;tls eligible, und~r a confidera­

ttle degree of the unfavourable predicaments nwocioned. 

As the Duke of BridgeWAter is the parem of Cannls in thefe kingdoms, 
and the country fiands highly indt-bled to him, ] Ihall draw another ex­
ample from his collieries, to explain how the coals arc raifed from t~e 
{earns bdow the k,vel of his great drift or tunnel, that communicates with 

Jhe tranfverfe branches. 

There ba1lceu or boxes being the fame IU the c:oalJ are Jirl\ filled into at the (lice o( the 

w<lrkillgs. anler" from lon l circumnance~ they be very r!WJ!, and ,hen it may bl;: cli.giblc 
10 Jboot weill into largc~ bo.:r.es :U.lt Worfelcy. 

The 
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The boats in the lower Carcl'J conc,in I number or (quare boxet e,.tHy 
fining 'them acrofiJ and ,ft.nding 'clofe to.. each other. The coali being 
filled into there box.es, the boats are then brought under a pit funk '{rom 
the fide of the main tunnel (rom the Man.chefter Ganal j to WhichJ . l>y 

. ' . mtans of water tubs defcending from the rurrace of the ground to that 
tunnel. the coal boxes "arc drawn, and are t,~en ' pJaced in other boats to 
convl,.'Y: tbem away. 

In difhitls where the coals are noc conveye~l Out of the mines by drifts 
as <lbove-mentioncd. but up co~. pirs to the furfacc, and have to go ~rom 
thr:nce a conliuerable din.mel!; they mily dther be filled at the mouth of 

the pits imo ~hcel-boats and rent forward. as a3rcady ddc~ib~d by rmall 
CanaL to the coal-ftaith or main navigation: or ' chry may be fent ~ in 
w41ggons co be placod on the decks of boals-Likewifc, whenever coals in 
large q\l:lntiti~s, lime. lime·ftont;, ·or othcr minerals; have to be conv~ycd 
along. C.m:tls where there is a fcarcity of water, it will be digtblc where it 
can be done, to ove rlap the leyel~ in a neep place. and communicate them 

by an inclined · pline for boats. or a. double rail-way (or waggons. I~aving 
[he lock communication to anfwer aU the gr-nr:rai POfPOkS of commerce. 
:lI1d [0 occupy i\i iliart a fp3tt ·as K 'Can. BI.li;, wber~ there is no aid of 
exifling Canals, and circ.umfbnces are tavO'irablc foe long· le~els, 1 think, 
tbat in place ofwhe.d·boats from eve-ry pit, which would inevitably, in a 
{hort time become leaky, it .wo~d be betrer ~ make ufe ofwaggons to ,go 
into fmall boo.~, in a fillgle range, and for one horfl! ro dra~ a couple of 
them. The points then to be atterided to, will be, that ~ boats occlJry 
as JiLtle width of Canal .as may be, without beine: liable to o·~erwrn. -or to 

draw coo mw:b w.ate;r for fords.. 

. Conforiant to there requifitts, I boat of 6 ~t 6 inchrs' widtD Ofbottom, 
~d 3 feet 6· inches height, with rach fide ov.e'rban~i tllru qttl.fm.s of iu 
vertical h('ig~t, to the extent of two feet above the" ·bottori" aftd~ dieit . " 

• This may 1X eligible whm· bnnefl Caft*" on the. f.O· r'a1C1 ... ~iing In ~ great ~iit1 
... urriar , bvt it ·otIlerwif,.. ·ad there be a gen.md (carc:i'ty of . ·iter not to be: iemedied 
by referYoill, tbc:D. w metheclS of Mr. Weldltn Or Mlj ~Rnlaod, 0' &milar plUi, Guilt. be 
refwted to. ' 

~ufU,g 
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curving up .... ards fo as to'make the full wiPth only ] 0 feet 6 incht:s, will 
be found 1Ui.cable; as at 36 feet length (exclufivc of the ends) it will carrY 
... chaldCr waggons, at nearly :z. (e'ce 3{' inches d~aught of warer. . 

'I propofe two of thefe beats to be drawn by one ha rft: ; and fterrc:d by • 
fhort ftec:r.beam, fixed as already defcribed. If both cnds of t}te boats be 
{quare, they mull: be 'kept fo f.u afunder as to admit offor$g a fi.lffidc:nt 
angle in il:c:ering. . ." 

The {ole alteration oC the waggans (rom thofe: defc ribed berore. is. that 
~ propare their wheels. to be I'S inches, in place of tWO feet cliamt'ter ; and 
the height of their bodies 3 feet 6 inches, ill. place: of 4 fec:t: which defi­
ciency of.height will be compcnfatec.L by making the bottom DOC foot 
wider than the former, and nearly of tnt! fame length as the: top, which 
will only require an additional fet of falling leaves at the hottom.-There • 
waggons, admitting the raired heap of coals to average fi,x inches above 
them, will carry their centre of gravity (with the fame allowance as (0 

wheels, &c. as in the pn:ccr.ling etlimace) at two leet onc inch above:: their 
b~ttom i which being three inches abGve the axis of the ir -wheels (of.8 

il)Ches diamcc(:r and treading 15 inches above the boats bOtt?Ol )fixC's dl(: 
centre of grayiry of the .cargo .at 4 feet 4, or 52 inches. 

, 

The_ boat may 4r~irp~. will be alTumed to dr3W 9 i~d'les wlI.~er; 
its width of flotation Wl.U~;~CD be-? feet 7-} inches, and [he weight of cn~ 
waggon, of ,68 Cwt.;~fting on 51 fect length, will fink it; as already ob­
rerved, to I)carly ~ feet ~ .{ inches. 

The centre or gravity of the hoat will be -nearly at , 5 inches from its 

bottqrn, fo that the difference between the tWO ctntres~ will be (fl.-IS) 
= 37 inche;. Their proportionate gravities, according to the premilh, 
will ~~ j.28 aru;i i3 .. ', fa mat. the mean centre of gravity will be raired 
!%'6.65 inches and be at 41.65 inches from the bottom. At 2~f(et 3!· inches 
draught, tRt laden width of jiocacion will, in the form deCcribt"d, (vide 

,llIie In .• ' i ) be nearly. 9 feetio, or 11 S jnches; which, according 
-to d~ approxi~matc method of proceeding, defcribed jg the preceding chap. 

lC'l', 
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tt:r, ·will, on het:ling 5' -1-+ 21· p.ife on, one 'fide"lane. immerfc: on the other, 
~ triangle of 1.2146 fllptrficial feet, lod remove its centre of gravity ill ';. 

• inches. which will remove the: cencrt of gravity of the whole maf::., of the 

fett ion Is.ali fuperficial fcd, 5,060 inches laterally, and fix the; meC3.centre 
;It 50.6 inches above the centre of gravity imf..1erfeu : which, according 'to 
the rules already explained, will be neadyat 14.7 inches i and, confequent ... 
1y I the met~~tq;re at 65.1 above the bottom, and 23.+5 above the centre 
of gravity of'ft\e -bQat and cargo, which is ahove;ill n:fif1:ance that 'can be 

rcquin:J. H owever, as., from the narrownefs of the boat's bottom~ it may 
have tn" appear:lO cc th lt it wiJi be othcrwife when it is light 1 ' I {hall alfo 
iove/ligate the circum frances of it in that l·3. f~. 

The light waggons being alfum,ed', as before, at . 15 C9(t. j ' a~t .ocCupy~ 
ing 9 feet length, their feeti on of filpport in the wa~r will be 3 · fuperli .. 

c ial fl'c:t. the increafed depth 4.55 inche'Ji and we: boat's li~ of.fl:otat~on 
99.32.5 inches .(corl'c:rponding with 13.55" inches draught.)-Then, ad~ 
mining the centre o( gravity of the light waggonJ; to be 2. ftct + inches 
3hovc their tread, or J feet 7 inches above the bottom, which is fun 'as high 
as it ought to be i and taking, as before. the boat's- centre· of gravity CO be 
IS inches, there will be a diJf~rence of 2.8 inches, which proportioned ac­
cording to their ma([l's, will fix the mean centre at Q,S.l'H irches above the 
bottom. The centre of gravity imTl'lerfed is ac~g. ta me premifr.s, at 

7 .0J S inches. ,nd the elfea of h,ding 5' 44. ,cco,diog [Q the e.l. 
culation for boars with o:ve rhaQging (Kies, r . ' ~· ~ :tit:6;."1'472 t in~es la~ 
tcrallYI fa as to fix the metacemr't: at 7l.1h~inchC$ !above the boat's bot­
tom; &lld conf('quent!Y.7.0372 inches ,obove -rhe centre of gravity 'Of the 
boat _:1nJ cargo: therefore, there wiU be a weight 0(8.28 cubic feet . of a ... 
ter on an arm of lcvci of 4.70372 inches = 1434. lbi . and inches t, on 
every foot length~ to refill any overturning forct: j ~nd :lli the waggons in 

• That ofthe light boat is 5 • .:8, and c<lnreqnently the whole iii 8 . .:8 . . 
t .Triangle immened.8'9098 rtrnoved6s.06~ . as 8.1.8 : 6S.06I·: · ~ .8.:9098: 6'SI~7~1 

1 . ·7037' X 8.18 x 6.1i {the wei,ht in lb.. ofa cube foot of Water· ::: '143+ lba.: aBd 
inthel. N. 8. Where the we'l''ll bas heeD 'u!(;glatcd ~, -toU, )6 cabic' (cot Qf.watk haM 
bern afi'wnrd II a ton in place Of ]5 ...... .-. , ,. . .\.. 
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the light boat will, when beeling, be"s fec, above the w:ltcr's (urfac!:', and 
the half depth will then be ahout 1'0 inch\S i . thefe wi ll , with a wind of 
two pounds ;:0 the fupt"rficial foot, (admitting the waggons to occupy the 

whole lC'ngch) he ;'In overturning fo ; ct: of 1 a lb" x +0 indws, = 4: o! bs. and 

inches. which willleav( "' fj't.lre refilling force of :loJ+lbs . :md inl'hes ; (,qual, 
as the top width of the bO:l.t is 10 feN 6 inches and the line. IJj n, 59.66 
inches, to a weight 011 the gunwalt! of·3.;.Jbs. oncvery foot in'length, Wllidl 

is mGre than thac ever need be, and COll!~qucntly'no imp~diment can :lr ifi' , 
if the b:):.l.t be kept going with lufficient vdociw to prevent it frolll being 
driven albort' to lcward. 

According to rhe method of C':lJculation purfllcd for l'pright ./ideu-uoars 
of the f:m1& width of Aot,Ltion line, the triangle immcrfcd would hwt: bt~en 

.8434. and the (p:\ce removed 65·55. which w{)uld l'3.ife th.:. metat:c-nm·. 

ahove the cc:ntre of immtl'flon ncarly ',:!~ part more than true c:dcubti on. 
viz. 1.62'l inches; wJ~i ch, where there is much room to fJ,an·, as in the 
prefenr and precedi ng infbnc(", would be of lictle momr:nt : hur, where: the 

metacentre bardy riles :tbove [he conjoinr c{"ntre of gravity of boat and 

cargo, the diift'rence, unJcr large angles of overhanging of the boat's fides, 

V:'ilJ be materia l. 

Infigurcs I and 2 of plnl! II1. M. G :lnd E ltJ(:',',' rhe potitions of lhe 

mctacentre, combined cmtn:s of g ravity of boat l.nt.1 cargo, :l"d centrL'S of 
gravity of the part immcrfcd, when the bo:\tS 3rc bdcn, and unoe;:. the 
given indination: and 111, g and i,jig. 'l, /hew the fame poGrinns ,when the 
waggons offig. 4 (of which,fig . z, is the profi le ) are empty . Whence it ap. 
pears that (J III is the arm o(!evtr. with which [he weight of the boac and 
waggons r~filb ;ony overturning fo rce; and 1/1 It (which isequ<ll to the fe clion 
of the ::mg1e ofhl'ding, the half width of tht.' boat bci;lg radius,- lne fine of 
the angle of heeling, the verti cal · height of [ile met:1centre above the d.:-

• This ve rtic.tl height it the line complement of the angle of heeling. when tIle IlUli" l 

i; (he difFerente (on the birdling line of the bo;!!) between the mctatcnlrc and tile hl.: i£ll! 
of the bo.t>. iunwaks + the lint of the "n~l~ of heeling, the half .... idul being mJi l,lJ; . 

In prall.ica.l in!lantes, the :l!lmtaJllrement on the line" n 0:1 lheji':",,'r, or di!lgram, m:<y 

fuperfede tbe C3lculation. 

H prdfi:d 
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prc.~:{ft::d gun'"a ic: being radius) ;slIl.hc aft)l, widl wrli ~h :In-y weight upon' the 
gunw:1h: w()lJlJ aEt. 

As the boats, No. I and z, ar~ propared to rdt with their cargoes in 
llocb, tht::y are Ilecdfarily An bottomed. and me flat parr Ihould at leaf1: 
cxttnd as wide -as the railways of tht: waggons, [hat they may have "3' fi rm 

fuppurt. The' /()rm of fig. '2 is calcul~terJ for a limited depth, in a narro~ 
Canal i and (0 as n'jt to cut its banks, and mily be improved by fwdli~g out 
the {height part of the fide in a gentle curve. Fig. I admits uf being coo­
fidctably fa by adopting tbe curved (orm of the fid~s thewn by the dotted 
lines j which, by Idr~ning the injury to the Can:1.1·b311ks, would more: than 
compenfate any greater expenee there may bl! in connfuB:ing the boat, or 
in obtaining proper knee timbers of that (arm. T.he cafual inj..,ry co the 
banks from particular forms of boats, although of no im('l'led.iate moment to 
thr: boat ownrr, is of material confequence to thr: <;anal proprietors) and 
defcrving of attention in their bye-laws. 

To enter into a difculTion of the cotrett methods of obtaining the depths 
of, immerlion, the lines of Ao~n, and meract'l1treS under thofe forms, 
would be unneceffary; as the "Pader will clearly fee, from the: preceding 
examples, ?pproximate methods of obtaining them fufficiently near for all 
practical purpores. 

Thefe boats, as already defcribed, lhould be laden and delivered in a 
dock, nearly of their form: the bottom of the dock, to prcvent-accidents 
from nones being thrown in, may confifl of a number of tranverfi: rib~, 

(ufficiellt to fuppott the boat; and with cavaties between them. The 
fame circumflan,:e ihould, of ~ourfe, be attended to in the dock for the 

brge boats. 

It has already been fuggefted, that the ends of the boats may ~ of leaves 
to be let down: which, being fa narrow as ooly to admit the wheels to 

pl!S, will be no way unmanageable i and, in boats carrying tWO ranges of 
waggons, fhould confifl of two parts, viz. a feparatc· leaf for each range: 

• It il fcarcely necdT:.ny to fay that they muft !hut .sunll a lining ofbc.rid·leaWr, or of 
co;ur~ WUOUCD. or ower ,ompreJliblc (lIbftan,,:, to keep cACtD. ""ect ejgbt. 

..d, 
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• • a.nd, th~y need only be at one end", unlet\ tpc inconvenience of turning 

the boat be deemed of moment • 

. As thofe (jllgl~ ranged boats are propafed, principally, for the ufe of 
collieries, and for the f:tving of railways, which ' are not only C'Xpenfivc in the 
firn confirutlion, but even in their maintenance; it remains (0 be conli-

, . 
dered.how far the propafed Navagation will come wilhin. proper bounds as 
to charge. 

This, mufl: depend on the nature of the counrry, which I have fufficiendy 
claWed, and d.efcribell. The dimenfions of the 'Canal need be no deepe r 

than for the wheel-boats, viz. 3 feet 6 i!,!ches in clear water, and 2 feet 
6 inches ~ver rhe pavid fords; but, it will requi re to be 5 feet bfOadci' in 
the bottom than efiimated for thofe boats, viz. to be 14 feet at the bouom 
and 24 feet 6 inches en the water's runaee in pilCC of 9 feet) and 19 feet 
6 inches, The diffcren~e of expence wi ll be inconfiderabJe. Each run·· 
rung yard of level curting will contlin 7':. cubic yards of t.lrth, which at 4d. 
would only be equal to 2S. 6t!.; to which is to be added the track-road. 
highw~y br~dgt'sJ tunnels, &c. &c,; all of which will depend on local cir­
curnfhncc3: but, in favorable fi tlL.lti('lns. will coft It'Cs than :1 double railway 
of timber only. and not require nearly the refJairs. and be attended with the 
advantage of a harfe drawing 8 large waggans in place of one. 

II 2 CHAP. 



( Eo ) 

·CHAP. VI. 

On tbt' Ilfplicppiw of 171cli1Zrd Pla1m to tIN Grlot Rivers 0/ .America, 

or on f/. lt Cominrnl of Europe, with Ohftrvatiom on the Navigation if 
Ri"i)(rs and L(lkcs. 

GREAT rivers. in their natural {tate, are mort of chern unnavigable lh 
dry fea{(ms for any conliderablc:' extent, through W:1O:: of fufficitnr drpth 
of wa [(~ r in the rapids; and if nlvigated from their mourhs [0 their head 

bnmchcs, they frequently ufe difJert'nt vdfds, as in ,he Ohio, (or the con~ 
vryance of the fame cargo in ditf'rr~nt diftri~s of the river. according to 
the depth of waccr, rhe gcntlenefs or rapidity of the ~urrc:nt, and the mean<,; 
of advancing againft 'it. 

In the higher diari Cts, many of thofe veff~ls would Ix: fuiiid for palTmg 
on ca rriages, up or down inclined planes; and might, with propriety, be 
transfi::rrtd by fuch cunveyance to dilftrent levels of canal. fo as ,('¥Cntu­

aUy to pars through any g;lp of the AlI~gany Mountaios. or of any other ' 
ridge. ft' parating rivers of contrary courlt:s j but, in the rivers themfelves, 
inclined plant·s will very ftldom be advift.'able, particularly in thofe chat 
rife 15 or 20 ftee or upwards. The banks of fuch rivers would not often', 
without grr:at c~pence, admit of a guard Lock Ao Lll Canal from .the head of . 
:l full, to futh dtlance downwOlrds, as (a place the head of the inclined 
plane out of rhe reach of the floods. The inclined plane navigation in 
rivers would always be dependent on Locks, to the exten[ of the rife of 
floods; and at thofe periods, the rife. uncovered btlow the LOcks would; in 
fma11 (;!lls br- trivill, if any thing at all. and attendant' with all the trouble 
of paGing great heights. The expence of their con!lruCtion would, like~ 

wife, be nearly the fame. In rapids. the declivity wpuld, in general, be 

tOO gentle to we the inclined planes in dry feafoDSJ wjt~ut the aid.of a 

long 
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long collateral C3nal: atld the quanti ty of dcfcent woul.d moftly be too 
inconlider.lbl~ to rencler the ufe of tholt: plants digihle. Therefore, they 
would r :.ordy lx: fuitablc in rapids, a.nd nevd in Imr:l l f.1Ib . In the large 

~alb they can f,:Jdom be advifeabk, but in the higher parts of dIe rivers, 
where only .;:tRuCS OJ battraux :Ire nferl. The Cohoes fall. nC!ar the mouth 

of the: Moha.wk, may be 'an c::x.ccption on account of the gen~raJ rapi\iiry of 
the: Onc. 

The [1115 o( the Potow:nack. above Wafuingroll, differ from the pre~ 
ceding in(bnc~. in their occupying a conCitlcf;lLlc It:ngth of thl: nVer, in 
place of I>t'ing precipitous, like the C\lhoe-, which is 75 (cC:c pt' rju:ndicu. 

Jar ; and in the Potowmatk, being fuiled for much larger vcfl~l,. than the 
Mnhawlt 

The great falls ~f the Potowmack afe 1 + miles abov e: tt,e City of 

Wafhington, and dtfr"nd 7':. fc"e t in one and a half milrs knglh o( the 
riv!'r" Tit!' little falls ddcrnd nC:1r1y .17 rr~t in :1bout (wo millos length, 
:mrl3rt (our miles ·above the City. In rh ~ ye.lr 1794. thr re we re fix. Lock, 
building to~Plrs, chI' upprr falls, :lOd three to par) the lower •• 

The lc:ngth occnpied by faUs. will not. fimply in irfc1f, m;Jiuu :l.zainft 
inclined planes, lltc::tufr. Ihrre are many in(b.nc~ s whtft· a Cmal, on onc 
lev:, l, may br- continued (rom [he head of a ferie!. of (mall f.·db, tu a neep 
dtcliv iry at their [Crmifl3~i III , wfIr-re the whole £.111 may be oL~:tintd Ole 
once-. hut in gtm~ral, it will be found Irfs rxpellllvj: to adopt different 

levc1~ , filited to lIiffcrrnc portions of the r.dl, to which the Locks OJ::!}' a)fo 
be (UilCd. 

Inciin,d pbnes, according to fome of the methods mentioned in the firit" 
Chaprcr, and explained in the fubfrquent one, may be: applicable ( 0 v.dfds 
of l5 or ~o tons, bue would not, I think, bl: eligible whC'~ there: is plenty 
of w:uer) and proper fituations for Locks and their in~rveniog pom..!' : as 

• ObfernUOJlt on the ziY~r POlOWmatlr.l.tld City of WUhiJ:li\OD. pllbliJhe:d I t Ntw York. 
~ '1794 ' 

Locks 
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Locks on an economical plan, arvJ compktr in th~i( elI'ential part', might 
(where materi:l.)s are at hand, as tbey generallr arc in fuch ficuations) 
be built on falls not excee!..ng 30 or 40 (eet, at as litde expenee as a 
double inclined plane and its apparatus. and with fuch boats woulu, in all 
cafes, be attended with lees hazard. In lower "-alls, if even precipitous, 
Locks and their Canals would be the Ids expenfive of the twO methods._ 
In great falls, a! already implied. much will depend on the length of Fiver 
occupied by the fail, and the circumfi:ance~ of its adjacent lhore. 

]n general, in great rivt"rs, where parriJl contraction will not give depth 
in the places wanting ie, or the current i!' toO rnpid to be: Ilavi~ted againft, 
Locks have decidedly the advanuge. 

It not being the defign of [his effay to difcufs. how far Rivers or Canals 
arc preferable to each other, I fuall confine myfelftoJi few general obfer­
vauons. 

Rivers, with limilar declivi ties and impediments, and of equal magni­
tude as to the quantiry of water paffed to the fea in the cOUife oJ the year, 
may Ix: effenrially different as to the duration of time they may bt' navi­
gable. If filpplied from great lakes, their navigation will be marc uni­
form and more fuited for boats afcending, than jf mort' immedi:!cely effect­
ed by rains. Much al(o depends on the foil, the: fuperior arata, and the 

declivity of the: adjacent country, as to the: abforbtion and now tranfmiffion 
of incidental rains. 

]n fuch g~at Continental rivers as have not the aid oflake:s tO,equalize 
the pafi"lllg off of the {treams that fall into them, the winter'~ fnow in cold 
climates) anfwer. ( 0 a material extent. the fame end; as, in the ,courfe of 
theit"'difi"olving. they give a confiderable duration to the navigable period, 
which (0 far as ic may be Ihorter than, it would be: with the incervention of 
Jakes, if'councerbaianced by an increaIe of depth; which, in fome infl:anccs, ' 
is of more mument than longer duration. In warm climates) the fame end 
is produced by the length of the periodical raina. 

Wh .. 
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When a co\lntry is thi~ly inhabit~d, an« the objdls are (e~t or not Vol­

luablc. or C'\lpabJt' of flo:lting thcmit-lves, :tny ~niporlry water convt'y30ce 

is of mOI1Wl1t; although only praCticable in freOles or after the melt ing of 
the fno \\' . As population :lnd commerce increare, it b~c()mes advife-able 

t~ remove /uch ~mpedill1ents, in , hofe rive):s. 3 S arc cafily efleeted, and, 
then , if the chief part of the conveyance b \! downwards, and. no cararaCl:s in 
the w~y i and timber to build tempurary vdrcls be ronyt'nienr, antllJbor 
not high, lhe princip al objeth are attained, as is ·the cale on the DunaJ and 
on the RlIls; when: hemp. flax, &c. arc broug ht down on raft s of f. r tim­
ber, and in temporary ve ffdi of 2 or 30'] tOllS burthen, all wh iL-h come 
down in the flooded fcaron. 

There " elfd s are fiat bottomed, and nightly conA:ruft ed for the j1:lffilge­
down only; being aftnwards broken up for fi n: wood, or :lny purport', 
Fur t ho le objects th,. Navigation deicribed is p refcrca bh: to any other that 
is attainable i ,lS the currem of the river effects, what would requ ire rhe 
aiq of many horfes ill the Navigation of a Cam], exclufive of the charge 
requince to reimburfe the expenee of forming it, which circumfbncl's more 

than counterb:l lanc(' t he convtyance :rgainfl- the ftream of n comparativl'ly 
[mall quantity. 'The incenvt:ilie11ces of th at conveynncf, dc-pend on rhe 
duration of the dry fcafons; the magnitude of the boac which the river will 
admit of, and the means of advancing again A: the flfeil tn. A flrong and 

favorable wind is undoubtedl y preferable to all mhe r-means ; ilil ~ ; in gene­
ral, is roo unce rtain. Oflht: remaining methods, hauling is [he bdl, but j ( 

requires a !bore free from trt:es and bulhes, and fu1ficicnt depth of wlter ::It 

'no great diftance: poling, or fctting. which canner be done where [here is 

much depth of water, is the next, and rowing is the worftt of all : YN, 
t, V'tn unrler the ia!l p redicament) the Navigation againft the fhong current 

of the Miffiffippi, from New Orleans to the mouth of the Illinois, a dif­

tance of ab·out .:lOO miles by the courfe of the river, ::lnd ncar to 700 in a'Lii-

Where rivers are of f'u£lic;ient depth, as from the lower pliTI of the IlIinoi. dOll-'n the 
Miffiffippi, rea velTcb rna, be buill, and difpofed of with their targoc:., ai haJ been in con­

templ~t.ion, 

t Wilh die {tream it i! tkiltly the be,," 



r~a"'line, was performed - by the Fof"enr..h tradec.'s in little mort than ten 
weeks, with twenty oared boats carryfng 2.0 [On!., confequt'ntly. admitting 

• 30 men [Q be a proper crew (or one of thde boats; which would allow [he 

people, during the, day, to row two hours and reft one; the t:xpence of con_ 
wyanct: (the boat ~xcluded) 'Would b e equal to .. bout 105 _days wagrs ~f Oile 

m:lO. for coonying a [00 of goods ,the (liibr.cc of 700 milt s, or one day:) 

wagc:s for ne.lriy 7 miles, in a direCt line; which. in the uillal circuit of Ca­
nals, may be tni~atcd at about 9" miles. This. at the r~te of wages in a 
populous country; and ruch a country only could afford Canals, would be 
fully as cheap , evrn upwards, as boatagc:' and Canal /.lueS". D ownwards, the 

advanrage is decidedly great. as (he paJf.1gc would be perfornl~d in about a 

fomth of the lime, and with vclrc'ls of greate r magnill1de. Thm. it dernly 
follows th:lt, in point of political economy. extcrdi"t'" rivers are",generaUy, 

(lr preferable to artificial Nav i£ations j :mtl all lhat i5 kfc fiu man to" do. is 
to endeavo\1r to remove the obft.:.c1es in rhtOm. or 1,) pafs thofe impediments 
by Canals and Lor ks fuited to the fpecies of b:.lMlj th:t the rivt"T admits of: 

but, towards the fuurccs of lhele riven, where thq "become fmall. and have 
many rapids, the time will probably arrivt, whe,n the temporary 1\'avigation 

they are c:lpabJe uf, will not be ~qu:l1 t~ [lu: want:> of the coumry; and 
collateT.1l Canals will be rcquifit~. Al this period. Ihe land will have b~. 
come valuable: it will, therefore. be auv ifC':l.blc, in a fiCing country, to by 
out thofe lines approximatdy on its .tirft fettlement. rderving a proper 
winth (or them, in th e original grant of the lands, with power co exchange 

the land o(ch:l( line, for ;lnY othcr (ounJ more convenientJ°I)" a full in vd li­

gnionj and, thus, avoid aU the difficulties acu:ndant on thofe mL"afu ~es in 

En:;IJmJ. 

The general preference that I have given to great" rivers over artificial 

Navigations. will by no means univerfally twld, of which many jofiances 

mfght be adduced. 

The ' river St. Lawrence. (rom Montreal to Kingfion at the entrance Df 

Lake Ontario; is about 160 milts; eight kngues of which is wide~y t'x-

• Vide C.ptain Hllrty Gordon', Journ;d,jll Appf'ndix to GovcInor ,Pownal·, .:ropo&ra~ 

phic Dcft.riplion of AmcriUl, 

pandrd, . 
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panded, and forms Lake St. Francisl whqe the current of water, if any ,It 

all, mull: be trivial. The uppc:r pah' of the: river is gende:; but the re­
maining diftancc of nearly 10 0 miks, is a [eries of I'3pids ., which makes 
the: Navigation difficult, even with batreaux carrying 35 to +0 ewt. The 
paflage deptnds pattly nn the wind on Lake Francis, whi(h frequrmly de­
lays the battcaux for feveral days. ' The whole paffagt) (rom M ontreal to 
Kingfion, is fomcrimes performed in 9 days, or in Ids ' time:; but i~. gene. 
raUy, "rrom 'l' ro J weeks, or upwards, fa that they do not ·average .0 miles 
a day, and that with great labour, gencrnJly with 8 men poling ::Igair.ft t~ 
ftrtam ; and uccafionly. us in othe r f1m ib r rivers, getting into the' 
,water, and hauling the batteaux over the fhoili s. Tht"y often perfurm the 
voyage downwards in J or 4 d:tys; but, nn aCCotlnc "of Ihe dangc'r of run­
ning againll rocks or nones wilh rhe grt:lt velocity tlwy dcfctnJ wtth, they 
only carry about half the lading which thry rake upwards. 

The freight up. is. :s I am informed, gcnernlly 16s. per bam·J of :z8oJb., 
equal to 61. '8s, per ron for the whole di£bnce. or 9~d. per ron per mile; 
confequt:ndy as dear as land carriage: in fim1(~' pans of England. In thiJ 
infianct', the utility of a Canal becomes obviolls; notwithftanding the St. 
~awrence has the advanugt:: of l(fuing from great lakes. 

Upwaros. from Pan Kingfton, packets, or rea vctreh, of 2. to Joo ton. 
or more, 'navigate Lake Ontario: and, obvioufiy, can' carry articles much 
cheaper than bat~aux) or canoes, wh ich arc ill-fpited to large lakes ; unicr. 
1hdtercd from tht: wind, . by the lhorc 01' by iflands. There are, howevt'fl 

rtHU:y inllanres where imJ>(lfefl Navigatiuns adRlitting of difpntch, are pre­
ferable to oth~rs, much cheaper, that art attendant with dt1ay, which arifes 
from rile: (Wle l'finciplc, Ihat land carriage. by waggoos, is preferable to 
fta corlvey.mce; and the more cxpe-nlive carriage of artid(,l, by coaches, 
pr('fcl:£b1t: to tither: bur th~ can only take place in Ilrticles of high vaJu~~ 
On this principle. c~noes of birch bark, carrying from 3 [0 ... tons in pack. 
ages of So or l00lbs. ".eight, are navigllted, by about 1+ men, from Mon~ 
rreal to MachilimakinacJ fn:qucntly in J S days, afcending from Montreal 

• Htrc and throuthoat thu: work, I include riru (or CmaU hlb GI't'ii1b1e for UlIOCJ fit 

NUda) .ad" the rencraJ dcDOmiuUon Qr n.pid,. 

I Ill' 
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lUt the Outaw., carrying the C:IIgO at'ld c.anoe pin: the fide or t'evcr:1l {tccp 
(ail s on that river, ami over the carrying place from it to lakt Nipiffing., 
through which, and down the French river, they proceed to lake Huron~ 
and along it» north filore to Machilimakinar, Tht" whole: of this diltance 
is nearly 600 Englinl milt's, 'and clearly provef that faUs and purtages ace 
impediments f.v inferior to long contillued rapids. The ridges or rocJu, 
wbich form the falls. penn up the water above them, and anfwer. naturally, . , 
[ne (arne purpoft' as Locks and Weirs. in ftilling the currtnr, and giving. 

depth of w;acr, which Governor Pownal)las juftly o~fC'rYed in his Topo-. 
graphic account of America. 

Wit'lt articles of fuch high value as furs. that have arro tQ he colletl:ed irt 
l,!£ferent rivers, and confc:qu~ndy, wich the goods "fent to purdtafc the:tTJ, 
the line of navigation defcribed would probably be c:lig fble, if even a ftiip 
,:ommunication wert: o~tn between lakes Ontario- anti Erie. 

, 
in mixed navigations, whtrt" Lakes, Rivers, or Canals alternate with 

each oth~rJ ;mJ where the lakes :ue fo tinall as not to admit of the expcnce 
and delay of tranfhipping tbe cargoes at each end, the commerce win be 
beft carried on in boats that are not tOO large for rowing, particularly 
whrre there are any narrow palres among lhoals, through which fuch vdfels 
as the river would otherwifc admit of, could not turn to windward, and 

"lhen: towing paths ~o~ld not be conftruCt:ed. In thefe cafes, boats inca. 
pable of rowing. would often be fo long delayed by contrary wind~J as to­

add more charge on the tonnagt" conveyed, than-would take place i"n. bQats. 
of 10 to 200 tons, capable of bodl rowing and failing; cxclufive of the de~ 
tided advantage arifi~g from fupcrior expedition, and from the lefs delay 
in lading and ddivering, particularly if the cargo have to be collected in 
dificrent packages. But, where the quantity of commerce is great, and' 
the articles bulky. then, wherever pratl:jcablc, it will be advi!e~ble to pw 
fuch lakes by a collat<ral Canal; 

. "Cli. 



• The Czar, Peter the Gre:u,. fct a,praift"lwonhy example in the COl nil of 
Ladoga, through which there pa1Ted in the yea. '778., (OUl' thoui;lJ1cJ !line 
hunored and [wenty~feven velfels, which, through the large lake of La­
gqda would havoc been attended with great d:lOger and delay, particebrly 
as the vdTels arc, from the- nature of the Upptr Navig:uion of [he nvt:r~ , 
ana other caures, ill fuited for the paffage thl-ough fuch 11 Jak<-. 

Having give~ my fentiments againfr: inclined planes, on the great rall ~ ill 

[he lower p;uts of rivers, on the foundatiun. p rincip:tlly, of changing thl! 
article of conveyance, we may now txaminc thl'i r digil.,ility w!ll:re a ,.,ecef­
tity orrhat change takes pbcc. 

A communic:ttion between the lakes Ont:trio and Erie. (or Ihc nlippjn~ 
th3t n3vig3rc thore hkes would be higllly dcfireable j :1S tht'n, the fame 
vdleJs might navigate the Jakes Michigan, Huron. Eric, ;Jnti Ontario :_ 
but the beight ot the clt:lraCt- of Niagara t. and the fall and concinul"d ex. , 

tent of rhe rapids are filch, as to p~eclude 3e chis pefio~, the ide3 of filch a. 

navig:uion: t11~rc fi)rc, as rranOlipping is reqllilirc, and great fall s arc fuitell 
to inclined pbnes, th'lt fyfl:em, as being attended with dilpacch 31)d fmall 
~xpence, appears fo (:If to be favol1l'nblc. , 

Deficiency of local knowledgl" mull: prevent:t decili,,·e opinion on what 
mcafures might to be adopred; but I can fcarcely he!irate to fay. that 
wheel-boats would be int::ligibJe even ther(', becau(e of tltrir incapability cf 
,c~rrying many of the articles wanted to be transferred, and their being to­
ully unfuitable to enter the Streights of Niag3r3: confcquently, if inclined 
planes be dlClC' p referable co other method!, it mull be on the plan of COnM 

• TfIVels.,hroligh Swede~ , Ruffia, ~nmlrk, &:c. by W. Coxc, F,R.S. Since tiltt 
period. I fllppofe, the lIum~r has confideubly i~rt.{ed • 

• t ' Th~ fall of Niagara iubout 2+0 fect, ;and, inc.ll1live ~ft~ r.lpid. illlmedilltdy ;!!lOv~ 
and (or .bolU $ce it:agues below, il fuppo{cd to h.: more tha400 feet. WNC it limpl)' 
lilte tae hllt of St. Mary, (('panning lake Superior (rom blc('! Hllron, Ihe magnttlidc of tltt 

obJcB ,io:the plercnt /lue of pop~Liop. would rrob;<bly wont.D.' f¥ch au IIQdcrt.1kislg;u. 
Dl-vigll.uon for fujp" 

I 1 
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• 
v<ying upon carriag~s; bo:u:s of ~ or ii> tons, . more or Jefs • j whetMr the 
up~r ccrmination be at [he.. end 01 the preft'nt portage above the grc,lt 
rapids, or extended fo far collateral to the (wili: runn!np; n re:lll ' , 25 to 

make tht:: fubfequent navigatioll perfetrly eafy to {hips. In the firo.: pre­
dicament, it is clear, that after the gnods have 'once bl'cn placed in boacs 
to go upwards. and brought to the end of the Canal and head of die 
rapids, it mull be mort eligible to take the boats forward by the ~dc: or the 
{trum where it is weak, than to permit the lbips to come down to whac. 
they could not depart without a fhong and favourable: gale i and the prin­
cipal trade, as to bulk being do ..... nward, it is clearly the bell to fcnd the 
articles down llream without the fllips. 

In the remaining predicament of continuing the Canal to near the ' 
cntrallcc of l;ike Eric, to 'fome p Ort or place where 1hips might lie clofe 
to wharfs. dividing them from JI. bafon at· the head of t11e·Canal. the whed­
boats in qucnion would, as alrrady faid.~n6[ be dig\ble, through their in­
capacity of taking in fevcral of me articJ~s, and their beil1g ill-fuit(d to [he: 

conveyance of, many of the others. 

~ Pro~bll1tl. in the irft iAbDce Ila~. lDIi .ore ill tlw: laue.r. 

CHAP. • 



CHAP. VII. 

• 
Deftriptioll of I'" lnttrnal Nttvigation of China, wilh Rttna,h on ils 

Principia, and furl,," Ob,frMations on Ri'l)trs and Inclintd Plallcs. 

SIR George. Staunton's :lcconnt of the travels of the late BritiOl Em­
hairy in China, affording an :I.mph:: defcription of the artificial n:lVigations 
of (hat ~mpireJ which Jays claim to a longer and more uninterrupted period 
of civilization. than ~ny othcr .narion ofehe globe! 1 prefuMle a few com­
ments on the I'kill they have- attained in overcoming afcent and defcenr, the 
attat difficulties in that art. wiIJ not be un acceptable even jf :ltttlldcd with 

no infrruCl:ion. I thall, therefore. avail myfrlf of the information given 
in the account of the Emba1l"y, an~ draw from thence fuch concluflOns a.-. 
it may warrant. 

The Chinefc, in their inenior navigations, appe:tr t~ have exercifec1 leIS 
of the inventiv.e than the imitative p~wers j ·as :III their ~temprs in that ufe­
ful fcienee, amount to nothing more rhan a fervik imitation of Nalure, in 
the na.vigation tht'" affords upon thofe rivers, where the quantity of water is · 
ruch as to give depth, notwithfhnping ·the incJinw pafltion of their fu rface. 
Where that inclination is fmall, tbey have obfervc:d that buth depth and · 
width of furface may be combined, but that whert it is grear, the one of 
there muft eeafe (0 be: extenuve; and where from natural caufe~,. tht width 
has dor:e fo: a navigable depth has ftill been retained, notwithfianding.rht 
rapidity with which the water runs off: they have alfo obfcrvcd, [h:][ thofe 
rapids, even when contraCted, are not navigable in dry feaCons ip the 
Cmaller rivers, which naturaUy fuggeftcd the idea of preventing the wane 
of wattr' when not immediately w.mted for the .palTage of boats; from 
wbenc·c arofe the plan mentioned in 4th article of the ,tt Chapter of th" 

war. 
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-WOtit, .which the Chinefe have purfl,led as well. as the Europeil~s, pro~ 
bably without either copying {rohi thecOther. 

On thefe principles, 'they have invented their juftly famous Canal, ~hich) 
-funning through an extent of upwards of SOO ,miles, conjoined with the 
::lid of natural rivers, gives, with the exception of one carrying place, an 
interior navigation nearly from ,the North to the South of the Empire, 
through an extent crf upwaf,ds of 16° of Latitutle, ·viz. from T ong-fchtio-foo 
within J 2 mlles of Pekin, to Canton, the great ITfIlIt for their foreign com~ 

merce. 

To effete this .purpofe, it was only requHi te 'to unite the :yun-1eang. 
ho, or Ell-ho. with the rivt!r Yangtfe-Kiang, a\ di~ance of about, 350 geo­
g raphic miles in a direct line, which the comparatively fiat ft:ttc of the 
intcrve~ing country eafily admitted of j as the f.l.U from the (ummit, either 
way. did not exceed ~h:\t of many navigaDie rivers." On this principk .. 
they contrived (0 ft:parate the river Lurn ·ho, which running frail\, the 
Eafiward from a higher level chilO the (ummi[ of the Pars, they divided 
into two difl:infr channels, the one rUMing North to the Eu·ho, and the . , 

other South to ruch part of rhe Ydlow River as. had fufficient devation to 
admit an artificial branch from it, t<? difcharge part of its 'waters into the 
river Kiangi from whence .. as already mentioned, tbey had a natural navi­
gation to Canton, with the exception.of one carrying place, Here the 
artificial n:lvigation-ror the great purpofe of traverfing the Empin: ended; 
but, as the river Kiang had fufficient elevation at this place to admic of a 
new channd to the head of the arm of the fea Wen ofTchuzc:n. at Sang-. 
[chotl-foo, on.tq.e river .C6en.tang-chiang·, within the fluw of the tide '$ 

Wllich, 

• The 'termin:ltioa tlf the Canal is in the Pe.hoo, • !mall lake adjoiniog .th~ town and 
river. y·hich forml • baron for the verreb, whieL .are ucteding1y numeioU'J .1ttrc and 
.throughool. and exceed all ide:u tha.t coold. have bcl:n rnf.nably ioMJlt'd.: Theyan. iq.. 
deed. canalled to the navigatiol)- of the Canal and Rivcrs it c9mmunieatCJ with 1O.,thO' 
North. ' there being no navigable cOllncfliOI1 betwcen thc..ba{OIl &04· the Idjoiolnl!' nyu. 

. i L • \.'. . ... ' ~ 

(prob.bly (rom the fall being tOO grea, to be conquend by ~~u flood-.£~tc,) a.a4 f~ 
'lllcntly. Hang-choo-foo ~ btccune a great E~porium. . 
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which, from this place ror tJo mile1 dOWllwards to where it joins the (e.1l is 
of (ueh expanded wi chh beyond ~t!o natural.channel, as ratner to deff'rvc ' 

th~ name of a.1 arm of the fca, as I h,lYe already termed it. This great 
.. ·jdth, coml>;ned with its' cxtenuyc {hoals, hlS :lpp:m:::ntly induc("d the 

'patient and indldtrjou~ o.i n('~. to conlhuEt a Canal nt'arly collatnal [0 if, 
t o a finaller river, fa as to give !hem ; inore certain and folfe cummllnjca~ 
tion, with Tchufm, which lies in an Wand forming wi~h others iI fafe har~ 
bour, a little without lhe entrance ofthis inlet of the kll.. 

Th"e extenlion of t~e Canal ro Hang-tehao-foo, has al(o ~ffordcd them 
an opportunity of avoiding the great lake: Poy.mg. about {1xry miles in 
length, through which thS uruitl route-to Canton lics, which, fo filr as bOlts 

are uiecj as a mode of travelling, and probably for other purpofcs rht'y 

fouoq eligible [0 do: although, at the up.:once of a PUrt:lgl~ between the 
h rads of the Chen-,ang.chiang and Qi!ang.rin-ho, which larrer clifcharges 
into the lake Poyang. but com municates by artificial channels with rhe 
Kan-kiang-ho, near j{S difcharge inm thac lake, which dir,mbogues iU'iM 

into the river Kiang, and adds conriucrably t6 its magnitud~. although its 
<!:Ourre, is upwards of 2000 miles. 

The Kan-kiang-ho is then to be navig.:w:d (or 300 miles, mofllY:1gainl1' 
a ftrong current, to the' fooc of a ridge of mount:lius, feparacing it about 30-
geographic milt:s, in a direct line from the navigable 'part of the river Pc­
kiang, which runs throuuh 26a miles to Canton. 

• 0 

Thde rivers wert- navigated in their highu, Or fhallo\'itf parts by the · 

Embaffy, in lightly-confiruB:etl covered barges, defcribed in one place to 
be fharp built ii.! [~ends, Bat·bottomedJ about 12 feet broad, and 7q,fet't 
in lc:!lgth "j they failed well, ufed coct9n fails, and drew very little w'~ter, 
and, with ~a bri!k and fav,ourable breezeJ Jll:We. no inconliderable progrel~ 

In the carriage of'gnin from the Yun-leang-ho. or gnin-beuing.n'l'tf to Tong-fchoo­
roo ncar Peki .. , thue i, (lI.p~(~ to be at leaA: 1000 Junk. cmployed; cach containing ' 
'~Wu.bita~u, the boatmen living in ~cm with Ihc,it famil~.. Bcfides which. an im~ 
mule II.IUDbcr of other nJl"c],. equal u 1,,11 ill POpWauwa, Nee employed i.a. other ceDl-

. -_ ... 
.gaj~ 
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aglinfl: tbe fi re am without the aid pf nackl'rs. The trackers to each barge, 
it 3pp('a.r~J wert' g:en~hllly about 15 ",cn reli (;ved lI.icernatdy. In fome 
parts 'of tht rivt:f Cit:n~taog-~hiang. the I~afants were empluyed to deepen 
2. channel through the Ihoah, although the b:1 rgc:s drew J(,(5 dun a (oot 

water, which i~ not unufual ill' European rivers in..dry feafons. . 

In almon all lhe rivers as they defcended to deeper water, they ch;tllg(d 
(rom thrfc Jight barges to.j un:;:: !:o, wliich alfo navigated. the Grand Ca'nal; 
and when they :lfcenucd t he riVf' fS to where they bectlnlc fhallow, they 3!;:';ain 

quitted the j~nks (or light barg~s, which hcter t~.y u,fcd thm ughoui their 
navigation of the Chen-tang-chiang. the whole courfi of which abllve Han~ 
(:hoo-foo, where they embarked upon it, OOt-S not CXCI:t'd 200 miles ,_ 

Thefe j unks concaincd two tie r or ranges or"aparcmt'ocs, W~rtl C"nHft't:}llcntly 
heavier and dre_w more water. bIl t it dcoc:. not appear rJ13 ( they wf(d mor~ 

trackers to them than IS or 20 ~ wh~nct: it fu!luws, dl~t thcJe rivt;'rs havt", 
fimunately (or the Chinefe, bur moderate: 611s. It has:inclef."d, appellrl'd to 
the: Emba(fy, that the river Kan-kiang • has all avt"r:~ gc: fall of.2o iec:t per 

mile. which is very far beyond whae it can polflhly have, according ro rhe 
circumftancts of its navigatinn. With tholC not a~uany experienced in 
improving the ~navigation of rivers, fuch an opinion was lIo t unlike.1y !O 

,take place, and nO way lrffons the general merit of the information on this 

fubjetl, which appears to be colleCk:ed with ~llentio~, .and i!i difFufely fcat­
{tred through various parts of the work, to which the' reader muft be n:­
{erred, as I {ball only extraCt: ruch parts, as arc immedia.tely nec~rrary for 
my purpore. I fhaif, ~owev~r, previoufly make forne further obft:rva~ions 
on the faJ.l ,of na:yigabJe rivers, :ti it involves the circumi1:a.ncc5 arct"~t 'md 
defcenr, aad is tbe:rtfOU perfcCl:ly confonant 'With the purpofe of this Tree­

tire • 

• The Yang·tre-kiang (cllled by ab'qreviaion the JtlUlgf beloJ the ~ ~Ofllla to the 
rei ... dibllte of 300 win. is fappored by Sir George StlIlUlton to"me 'looo (e« rilL 
Thi. rivel, where enttrcd~ and I~ftby the CanaL wu aPout t\VO mila' wide. with;' tlll"lCDt 
not e.uccdiDI two m.iJea aG hourlin the Jlrcmgd put; and mudr. _per thAn Ctlae Ydlaw 
Riyer. wbWl' ..... n()l more &lwi) 51 or IQ fClCl Uq i.m. the JbiIJdk .f~ ...... 
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In'Major Rennt:l)'sintertfring aicQun(~fthe river Gangts ~Ild B:1rro.m­
pooter, he informs us, that (La Cc:d:ion oftl~ ground. i.n length 60 miles 
f{ parallel to one of. the branches of the Ganges, was (aken by order of 
u Mr. Haning~J and found to have about 9" inches d.t:tccnt per mile in a 
It ftr3!ghr liry,c; bur, the ·windings of the rivers were fa grear, as to reduce 

• (f it to Ids than 4 in~hes .per milC'." This appears to lylvt: Ixen in the 
rlr,y momhs, 311d where the mean width of the G:mges )Vas .. } of A mile, its 
mean depth bttwecn 15 and 20 feet, and its velocity fomewhat Ids than 3 
r:niles an hour. This noble river is ,navigable for an extent of IJP miles, 

with. :veffels from the fize of a wherry, up to 180 tons ; but [nak: of 30 to 

So tons are accounted the molt eligible, and are tr~cked ilgaiilll the fiream 

fo as to advance along the 1hore about a mile and an half per haur • • 
The river Amazon, which. with its branches, affords by far the moR: 

extcllfive interior nlvigation in the world, has, according to the barome­

tric obfervations of Monf. de la Cohdamine, frililers defcent below where 
its c;:urrent is undifturbcd by rapids; :md runs with Ol!l great, if not a greater 

velucity than the Ganges, the velocity in many pla~es being upwards of ) 
miles an ·hour. 

Although there velocities are ~yond the rnedium of what the: yatchcs and 
bargc:s of the EmbaO"y could be tracked · with their number of rnen ; :md 

thc:y alra mua-, from their being in lhallow rivers, have kept 'geller:dly in 

the fuJI fir.eaOl. which ,is not the, cafe in large rivers i yet, I do not m(<:.o 
co i~er.J that ::he Kan-kiang-ho had no more fall than the tiJanges or Ama .. 

zan • 

• The: author 'hal :oltre:"rd a bO.tt of light conllruaion with only t+ tonJ lading, of 8 . .. 
Fttt Width of floor. aboUl 10 feet width of 'f\'~ter line, alld 50 feet ut~me length,.draw.-
inc 2. fen 3 inches water, and fharp at the endl. dragged agaian a Iheam whoCe velocity 
wu S t E.glilh mile. all hour ; and, alrhougb there were lIS tratkrra. befides thue men in 
the boat poling it on. it only adv.nced. a~ the rate or" ~ of a mile an hour. n.e channcJ 
• . n DOt m~';'wJ.r contra8ed ill ·either width (lr depth of w'ate:r way, in proportion to til' 
fctUon .o! the bo.t, " 'bich would of coutfe hin'(: add:d to the refinance. . . 

K 
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The fall of ri"ers upon the Mne J~r{!Sh o( channd.;' and' .dnder lim-Oar 
.eJot:~ry of current, win, I eonceive', depe'od 'on the finuofity of [heir. 
coutre. the unifortnity of their fcain"" the: want of depth, and the: I'ttar .. 
dation or friaion th.t 'Water metts with (rom t~~ nature of the channel. 
The num~ of bends. in fimlla.r inftanc~ in any giycn diftance, Majp.r 
Rennell very ju(Uy obferves, U depends on the ma89iwde or width of ~e . 
fc ftream." One of half the width is , capable , of taking -twice che nurribtr 
of meanders:' Thef~7 by the perpetual r.eAea,ioo ·of-the courfe ofthe 'rivcr, 
dellroy much of its original impetus j and, confequcnd.J', through. an ~ui.l 
length of channel it req,uirts. a greater dc:cli'Uity cbsn' I. (traight river to 
cmncinuc ehe farne. vdoc;~7' Divedity Of fetUon alfo optra'tts the fame­
way; as wherev.cr it inerelre3,. the water: necdrarily diminilhn us ,velocity' 
nearly in & fimilar ratio, and ,hu to rCloacquire i.e where again conaaacd, 
which', confcquently,. «quires '. fitrthct fiall fuBicicnt to reamer-ate the dif­
ference of velooity. 

The third aod ·lail coufe, 1 have mmtioned, II'< die" "".t or depth and, 
~ture of the bottom. ,Waar: of dq,tf1, with t'Vcn·a (inooch bottom, oc-· 
calions conftderablc fri&ion to the 1h&C~ of water immcdiately fuptrindu­
dog it, which communicates a portion. or it to the nexc, and (0 for.ward, ' 
a.. If> retard the "holc tenfibly to .. confidf'rablc es:trnt - i U may be feen 
in the borders of all livers. which cctnfcquently proves" that WllM 'Of width, 
like-wife rcurd. the current. That want of depth, does ·fiJ, is clearly. thown. 

"''' tbe water of me iDundations over the Ddta. of the Gangcs (Gft:r w~jdi. 
the boau n;avigate ·"I!"inft the tlream) fcarcclr •• ceeding .hllif a· mil< an, 
hour, whi1ft tAe mcaa ~or.ion ,o£lhe Ganges at that .period., notwithltanGiBg; 
irs: mcancWn8, it ~am 5 to 6 miles an ' hour. . 

T~e cireumllaOCe of progremve rctardaCo., of tlie .. Ii· ·of Iaair : ~ 
lbaUowncfa ci c~ is,_ 'nthcrpro* by the diiiwar ' ..... of .. 

. , 
" . 'nil exteDt will be rre-Itr'" iballow ri~ thaa i. deIp'" t·" ~ atft of....ar.· 

.bOn it I'lJu1l, epe",",!: ia pnw.a ... .tlaat~tiOIl "1 ilIYrit;Qoa. ud,.m it . ,ro.. 
. a larger portion of tbe liiJat mu.tn would be. foaD4 iD i!I.c 4&bIptj of i.I.u4i or bo~ f'O- {...oed by tIIc cIepo6< of rinn. 

~, 
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.nand" of the Ganges .(and in all $ther t'~ytrl w~l'e iQands -are fonnro hy 
depofits} ~ing progreffivdy of parricJt:s lel1 denfe as ther approach the 
:{urnmit" Although lighter and hcavle!" matters are .:llloat or commi.xed in 
·the WItter qn [he firft oomsncncement of its dq>ofrttsj y~ only' the mon den(e 
-can fubfidc, the force of tile itrcam being [upenor to dJe rerutance of tht: 
ochcn; butl 36 that force dcalines., li ghter and light~r nDttcr$ are capable;: 
of felting until it linilbes with vegetable foil or .the .lighc:ell particles, which. 
8S obferv.ed by Major Rcnntll, will bold their phce nearca. the: furface of 
.the water. 

In Iballow warer, ·11Ie nature of the bottom opecates very impOlundy : 
For i~ncc. whcl'C .rock, are ftanding in \ tbc .ftream, but fufiicltOlly wide 
~fW1der to leave a navigable palfagc, they (0 far rerum back the current 
of the water, that ,J. balfe ·known, in depths of 4 or S feet. a vdocity or 
not more than s{ tniles an hour, with. a (all exceeding the rate of 20 feet 
per mile; but this was only ia &11$ of about :z feet to :2 fcct 6 in one coo:-­
rin:ucd extent, and wir;h d«p and "ide pools between, under whicb predi­
cament boars may, with great force of trackers, (Car beyond what the 
E;mbalry had) I1&v·it!aie againll an average f.lIoof '0 ...,.. per mile. 

Anothor cau(e ci"lItltrdation of cumnt is ",eed~ which it) tbe Jatter part 
'Of the iulXlRlcr. "hem tbe water w.oukl othcrwj(c be. low, give in rnaOf' 
rivers with a fall of ~ to 3 ftet in a mile, -a depth of about :2 (ect Ii with • 
.acaual velpcityof kfs, tbtn , a mtle aD hour. From what has been {aid, it 
~ thit:.1 in rivers ,of lang courfe, the olpl impctw is. of inferior 
~ f.·1I!'d th~ it" of liulc confcqucnce at a diftaace 4'om tbe PoHlt 
of oOutlot. whether the navig3.ble part of. river commeaccs from a take, 
«. iAtmediaoely be~ a rapid tortcAr, as its ei'etC w.ould be Dearly loft in 
.. irll ~ fc&:on· of tbo ,.¥.cr. and, adJi,~" .. iiformity o(chan­
~ .. --W, ~JliV.1y "-' reduced ill . .[O<IIC raoio, iaverfely. IX> ",b, 
&/lnd of _. lbiici< ..... geocrate a velocity. equat to the firft impc"" • 
....... bJ .. ., ~·f~"",,,"'jj; ..... £ the ri ....... ~.d·.with we bead • 
..JIIqi~.foaD <ODder tbc.ll!.<t of that impe.'" infignificant. '. , 

, '" 
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t'1baU how rtf lime the infornlimon t04>e ddived from the trav.els of the" 
Embaffador and his rerinU,t, i~ their route from Pekin. 

"the Erub3ffy embarked on the ,iver Pei ·ho, :v. Tong-fchoo~fooj abouc­
t:l. milts from Peki"n, in covered bargc:s of about 70 feet length~ and t S" 

feet width, and bolyabout fO i~ches draught of warer, \yith their pa1fen ~ 
gers, 3Ild fuch porti'on of ~h.cir baggage as they took on board. The ri.ver 
was then become fa loW' as to caufe the boat to be dt:lgged with diffi culty 
over Ceveral of the !hoals. Aftc·r 60 miles of navigation, thc:'Y arrived at 

the tide-way, and in 30 miles filrther) ~rrived at Tien-ling (abom 60 miles 
from the fea, or gulf of Pc-chee-Iee) .at the conAuenc-( of 3 rivers, up 
one of which, the Yun-Ieang-ho, or Eu-ho, running from 'the fou,tb, they 
proceeded in the beginning at the rate of abQut a mile a-D hour. a~inft a 
ftrong current by .the force of 18 or 2.0 trackers: as the river, was 'con"fined 
within narrow bounds between two artificial banks. fOrI" t'he apparent purpofe 
of given depth. Above it was wider~ deeper, and more geode. Up rhis 
river they proceeded nearJy 2T degrees of latitude to the city of Lin-'fin­
chao, whc"re they entered the Imperial Canal which is carried in a line • 
almoft: diretl:ly South, and "nearJy paraUtl to the general line of the" fea-
coaft. U This enterprize, the greatdl and moO: ancient orits k ind, which 
If was found to extend from Lin-fln-chao to ·Han-chQO..foo, in an irre:­
H gular line of about> 500 miles, not only through height! and other vai­
l( leys, but acrofs rivers and lakes." It is" (aid ,by Sir George Staunton." to 

-be " often winding in its courfe': of unequal and fometimC's confiderable . " ~ , 

II width, and its waters feidom ftagnant." O,n j[S junCtion wi~ the E\J~ho. 
the ,Canal was cut' through gro~nd o( the height of 30 fC!et, to permit i~ 
water to 8o~ wlth_ a gentle ' current into the Eu-h.o. The ¢urrent of the 
wattr was moft.ly. flow .. an~ to prevent its running o...Ef too rapidly~" itt de: 
feeitt' is occafionally ' checked by ftood~gatts, wbi~h were feldom:(o:near"ts 
with.in· a mile of e;U;h other. Thefe .Bood-gatcs eonfi~ orttro abutnlenrs 
of.ftone, one projeding n 'from each bank, lea,ving ,a-'Jpa,9iin the""ntidtUe 
.n jull wide, • enough to ·admit. pafilog< for ~ Jari<ft. vell<k employed 

• The width. ~ceordiD.8 to Ute Pb\t, appear. 10 be a little 1II.000nhlD. ~1 feet: " Acc~ 
iII& " De 1a. wd, IcCs Wn 30 fett.) 

, '.' ll'poD 
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wupon the Canal. " F~w parts otihe OanaJ are entirely level; and t~e1 
haye overflows or paffa~s through the hanlQ to prevent the water riling 
beyond a given e"tem j and alfo to prevent unnc:ctfrary wane of it through 
the flood~g.ltes, the paffages 3re occ.:!(ionally elafed by planks lec down 
tranfverOy and feparately ·on('; ai:iove another, thei~ ends rea-iog in a vertical 
groove in each abucmmt. cc Some fkil1 is requil'i.c( to be ~xtrred, in order 
" to dirc:£t the barges through them withuut acci~cn(~ For this purpoft; 
'( an immenfe oar projeets (rom the bow of the vefT'elj by which one of the 
If erev.; conduth her with the greatdl:: nicety. Men are alfo ftationed on 
" clch pier with fenders made of {kins fluffed with hair, to prev~nt the 
tt effeCt. 'Or the veffds (hiking i~mcdiatdy againt1:the fione, in their quiCK 
" paffafe through the gates, which are only open at certain flared hours, 
u wnen all ' the veffd.s colleCl:ed near chern in the interval pafs through on 
H paying ~ fmall toll, The: lo(s of water act:afioned by ,the openir.g ' of 
Cf the flood~gates ls not ycry"conGderable, the fan at -each (eldom' being 
If many inches, whtch is ' foon fupplied by fireams conduCted into the 
(I C;anal from tbe adjacent country on both fides. The (all is, however, 
U fometimes above a foot or 'tw~, when the difhnt:e b,etween the 8000-
(( gates is confiderable) or the current rapid. The Canal was traced often , 
fI in the beds of"~cient riv~rs, which it rerembl~d in the irregularity of -
If irs depth, the ,linuofity of its courfe, and the breadth 'of its furface. when 
tr not narrowed by a 8ood~gale.· Wherever the eircllmfr:mn:s of the ;]d:.. 
(( jacent country admitted the water in the 'COIllal to be miintained tn a 
u proper 'quantity. without any material defidel1C)1 or exc~ls, by mca.ns of 
u nULCCS mana~ in its fides, for the purpofe of inAux or difchargt'. a"s 

' (( was the calt farth~r to the Southward, few flood.gates were necdT.1.TY 
'I ' to be conftru~eaJ nor' were there any where met 'with '~ tkan half a. 
ir dozen in a day," 

. 
, 'q. \~. 6tghelU~.rt of the Canal, which by .the map is about o",·fifth 
"o(iu t'ntire -lepgth 'in' procC'tding from che Nortb, " the rjver Luen, the 
" t~ ~eR: . by wbi4' the 'Canal is fed, falls inca it with 'a: ral;id fin·am. ia a 
:i;, fu;~ whic~ is p~ifdicular to th,e ,cour(c Or the 'Cinal. A ftrong bul~ 

~' waik. Of ft"9ne (up~or,ts ~e 'Opp~fite weCt~rn ',~ank; and rhe watcl:s of [he 
If L uen 
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H Luen firil.i.ing wirh fiace llgain(l- it, F:m of them' folla.w the northern, acui 
(I ilart the: [outhern cOUlfe of' the Callal~! 

In proc(eding. from ,the fum mit to the South, the Canal. or artifid3.1 
river, paired by the .vuge of the L:;ke, and W:l! there fupporrcd un high 
c.mbankrnents, [0 enable it ' [0 p:l.fs over fome riCing land farther SQuth, 

through. which h r~ns at leaft 20 feet below the furrace of the adjacent 
ground. The Canbl afterward. paffed colla~ral to the Lue of Wee­
chaung.horl, which ,~ remi ndc:d the Embll.O"ador of the grtat Canal of 
H Rullia, with which he was well acquainted. This tan in likt- m:mner, 

" . at cM"uin dilbnccs p3.rall~l l" the Lake Ladoga. from which it was fe­
" p arated by vall earthen embnnkments." From this circumfiance. it ~ 
poffib1t. that Pefer the Great (ahhou3h his gt'nil,ls was ~qu,tl to the. fuggef­
ripe of any thing urdu! to his count1'y), may have borrowed th~ idea from 
China, as previous to the formation of the Canal of Ladciga, ' he had a 
direCt: acquainWlce with the Chinelc Empire, by an E~baJTy • in the com· 

menCe,'llCnr of his reign, in the year 1693) whilft rulj brother John 1hared 

the throne conjointly with him. 

At a further diftance, u the Canal widened, Bowing ,to the fouthward ill 
" :\ curreot of upwad'"s of l. milt's an hour. Several branches went off' 
" from the main trunk. of the: Canal, Oft which. as well u on th~ diftant 
It Lakes feveral barges were fecn failing. Duriog the next frage, the 
~I Canal was" conduCted again through low grounds fubied: to inundation. 

" with Lakes and Morafi"t:s iot<:rvc:oing." 

• The EII'I~. Ever,:rd Ilh~nd.. wu Decdlitated. to, ~ dilOlls:h the ecm:npIROU 
l'tOnraticl\\11 of the Chinefe. ~hich the prudence and irmnd". of the Bri(ifh Emba&ldor. aided 
by ~hc r;ood. fenfe of the Chinefe Emperor enabled rum to avoid. Ia ~othe~ EmbaHy floa 

tke Cu.r Pete~ to the COlttt of Pekin. in the 'year 1,,19. hi. Emba&dor LtoJFNidJilo. i£b 
Umaylaf'. WIJl UIldef , u's CuM. di(Afreu.ble ",""":15 lit. prc~ . . ~iDg to 

Pathn Da..Halde. a formtr EmbaK), fr.oII:I ~o(Co"Y iA the,-r 16J ~ "U ItOt hVOIUablT 
reccivecl. beuufe the Emba1l&dor WOllld. aot f\lbmic to the ClUnefc CCtJDQAia. T.ur..b. 

,', , , 
fervatioru ate quite irrelevant to (he fubje£\ cf. dw Trcau.re. .. d are tel,. inCtrtcd 01\ tk 
pmumption thlt. to ~ny readen they .11 be ieeeptUJe •• tlii. w... ."JacD t. -.. 
'iul:t, ofebe Btitilh Eaahal1'J have 'attratlad the,Ji&, WCIIIlcia .' " " ' 

, ,. '. , . 
Ie 
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Ir-- th~n approached tlv. YellO\, River Into which it falls by II. geritfe­
current. The Can:lI is nt"re about three quahers of a mile in widtll, and 

forms an exccUent harbour for the vclfds navigating it. Tbe Y dlow River 
has here run through .. cOl'lfc of 2200 miles, and is not more than 70 miles 
from the rea: " Its wiJeh littlt exceeds a mile, and its tlepth in the middle 
., of the (lrcam is not morc than 9 or 10 fett, and its vdocity is ahom 7 
.c or" S" miles an houT," which it appears to' t;:onrintlf! liownwards, confC­
<Juently. there is a confidcrable £811 to the (ea, which enabled a defc~nding 
branch to fhike off fouthwards to.the riv"r Kiang. "On the lo\;1-hern 
" fide of the Yellow River, the yarchcs began, to l)1:oct'ed more quickly; 
," the current of the Can:l.Lal> it C]uitted thac river being more rapid, in 
lie confcq\lence of which, tbe numbt"r of flood-gout'S werl~ incre~feJ upon 
c< this part of it j farther on, jt was c:trricd by the rnar:gin of the Lake 
c, Plyo-yng) whore fw{ace was mllch lower tlun that of the Canal, which 
c< was feparate<i from the Lake' by' a firong embankment. Btyond the: Lake 
cc 'here was again fwamps. and (floralfcs." 

" In the midft or th .. Jaw grounds of this part of the route, a town of 

4< the third order- .was. lictlated j , the tops of its wall.!. being lirtle more 
(( than k ... d with the furfaee of the Canal. which formed an aquer.h.tCt raired 
u 20 feet, was ~oo fett in wi~hh. and ran at cht: rate of three miles an 
ff hour. This Canal,. on proct'eding fomtwhat (urther, ceafed to have a 
.. (;U~rent. and the ground rifing to che fouthward, it was found necef­
" (ary, in order to give level, (Q cut down about 20 feet dC"cp for a rruk , 
" 0{ 7 or Y miks,. to a large: city where not lets than a tboufand vdft'hi of 
fC different fizea were lying at apchor." 

U In chree .days after the yatchC's had croJfed the Y dlow Rivtr, they came 
.. , to that of Yang-dc-kiJllg, which .. ~s conIld'ered to equal) if .Dot exceed 

• The .a~. of die third order termi .. t~ .tm-ir name. wilh jIrit,,; the r~olld order wita 

II.h. i and the'lu-~ with fH, .b~ three *ription, ~rc fRtrou.nded with wanJ. MallY of 
tbe cidu apptar to havc inclu(ed within. "'is century, u .fevenl of them. whKh DIl-HaJdc· 
... terlllllnlte4 wiair. It_. have DOW" I:he M4iUoMl wmiAation of f~~~ 

.. the 
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n 'thr; fize of the former. ·It was at mi, place about'two miles wW.l' •. The 
,0 current where the yatcheS of the Emba'fry pa,(fed. did not exceed in the 
II ' ftrongdt pan of it twO miles an hour,; but it was much dec'pcr than the 

,ofr Yellow River. 

to, The ground to the fouthward of the Yang.tfe-kiang gradually rofC! to' 
r! fuch a hdglu, . that it wa! found necdfary to cut down the tanh in fome 
ft "parts to the depth of near 80 fect. in order to find a level for the paffage 
rr of the Canal." 

High frone ' arches. fom~ ' of [hem e1.1iptic, . the l~nger axis vertical. and 
high enough, to take junks under fail. are ereEted over the Canal. and are 
.afce'oded and defCt'nde~ by .ft-cps. They have al(o' bridges over the piers of 
.tht.ir flood-gates, which, to prevent interruption to the mans of veffcis, 
..ar'e conftruCted fo as ·tO lX' eaCily withdrawn when velfe,is are about to pais. 
They are Rat ·wooden bridges, narrow ' an.d light, each refting on roUer·s 
fixed in its frame, and running on a couple of 100ft [pars that are withdrawn 
::aJeer the bridge. 

The Caf!oll, in its courfe through the city of Sou-chao-fao, divided into 
various branches throullh the ltrects as iu ,Venice. Some idea of thtiim­
,portance of the commerce of this city may be entertained, from the cir­
cllmfl:ance of 16 ve{fd~ of.'loo mns each, beinz on the frocks ·.ili one ihip-
builder's.rard. . 

Near tllis city, ," the great Canal was without a curient~ and f9 ~:id~, 
cr that a ilone br;dge of no ,lets than 90 ll~·ches was in one- place thrown 
" over i,e! tht Canal c,ontinued to be of a. width ~etween 60 and (00 yards, 
(f '~ml ' b banks g~n~ra~y ,faced with, !tone for i1~b?ui " 90 mil~s ·In.~cngtbJO 
Cf between Sou'-choo ,foo and Han-choo-foo. ' ' , •. ... , . 

fC A large irr~gtilar baron at Han-chao-foo terminates the Imprrial 
~r Cana). It is inertafed by waters from. a lake lying to the wdlward o~ 
(( the city i the Illlt~r furnilhes allo a copioui ftuam running in,a channel 

u round 
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#c round the city walls, and {mall Gan.lb pafs through ics principal nretri. 
" This baron difcharges into the river Chen...t.ang.chiang, which falls into 
CI the rea at little morc than 60 miles to the ealtward : the tide when fuU 
~ increafcs the width of the river [0 about 4 miles oppofite the city, but 
" , at Jow water, le:l.ves o~ [hac fide 3. level ftrlnd of ne~rJy 2 mileJ width ,'" 

From the preceding extraCts, an idea may be formeo of the magnitude 
and diverfity of chis great Canal,· as to wideh and velocity of curren t, which 

bdng variable, frequently in counterad:ing degrees, viz. often narrow i ll 

deep linking, where the water is nearly fbgnant. and wide where the 
fiream runs with confidc:rable velocity; it (onaws, that to· give depth in 
the r3:pid fireams, additional rivu ien mull: he tahn in. and difcharged 
again in the commencement of the flllgnant parrs ; which it appears is thrir 
mode of proceeding, as they have overflows to difcharge their fl.·perfluous 
water, which is freql:l'ntly applied to irrigationi amI they repeatt"dly receive 

additional influx where it is neceffary. 

Th('re now o~iy remains [0 be noticed their Inclined Planes, which are 
'Particularly deJeribcd in the route from Hang-choo-foo fa Tchufan, which 

'was purfued by Co!ond Benfon and Captain Mackinto01, of the Hin­
donan, iftt r they had .parted with Lord Macartney, and the remaining at­
tentlants of tbe Emba'fy. who foHowed tht: route already defcribed to Can­

ron. 

,1.'lIe Tchufan p:lf'ty crafTed the river and t:ntered a fmall Canal. Aft .. i 
rhey proceeded about three days, they arrived at the city of Lao-chung. 

where thty changed their inland barges for junks of about 60 tons burthen 
each • . neatly f:.tted up for paffengrrs. but connruCtt"d for fait-water navi .. 
gatio£l~ .and lying.on a. .river int? which. lhe tide flowtd bryond Loo-chung. 
They failed ffom thcpce to Nimpo ncar Tchufan; the river was or the:' 

bn:adt:h ,of me Thame. between London and Woolwich. . ' 

,Before their arrival at Loo~chung, H it fomecimcs happened in the 
C\C route to TchufanJ that the water of a hig:hcr Canal pafled immc:di:uely 

L (I into 
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fr into lPOmcr of a lowcr Itvelj' and 'Ul two 11lt1ancc$ tne travt'lIl:'u wcre 
er launched in dltir b;lrge, with procirgi{)us velocity down the: ftream-, 
wI The upper Canal is bounded by a fhong and wtll-compaa~ wa:l, me 

• top of which is Itvd wi ,h the (ilrfJ.ce of the upper. water. A b .. am of 
cf wood is laid on the upper edge of tlte wall, whtch is rounded _off towards 

" tOt warn. B.lyond (or below.) the w..Jt, a Gaping plane offtone work. 
H extends to tht: lo\\ er Canal in the form of a glaci -,., With an inclinat1I)1l 
" of al1QU[ 4r, and dl{ccmiing nur t o fed in perpendicular depth; a1 the 
H bortu,n ul whilh, the Canal is carlic.:d along as (het leveL of the country 

it will aUow, wh en another wall and glacis for another CanaJ ftilllowet, arc­
H ~onftrua:ed as before. 

" In pafIing from an upptr to a lower Caftal, the ydrel lifted over the 
" crors~beam melts down by its own gravity~ and to- prevent the wa~r 
U from flufhing over tht! dt:cks~. or h('r plunging into-the Canal below, • 
" railing is fixed at ~he head of the ve1fd about to be launched, before­
If which is placed a -ftrong maning at [hI." rime of irs cltfcent. To draw 
U up a large veffd (rom the lower Canal along the glacis into the upper 
u Canal, requires fometimes the affiftance of ncar 11 hundred men. ; whore 
II ftrcngth is applied by means of bars fixed in 0111 or '!Jore capfians.< 
" placed on the abutments on each fice of the glacis. Round the capetans 
u is a rope~ of which rhe oppofite txt~mity i, pafftd r:ound the vdfet'$o 
H flern, which is rhus conveyed into the upper Canal, with Irfs delay than, 
If can be done by locks. but DY the exertion of mucb, more human force i . 

d" a (orce, indeed" which in China is always ready, of little toft, and 'can" 
" ltantly prcferted there: to any other," 

• lr appean. ft'oJll. dlit ddoripti.on. WI ",ru was run.int doWlll a:k IDtlitied Plane ... 4 
XIlId· if 10. it i. &«OldaDf with lome of the de(criprionJ of the )efluf miao .. ,ir,. Tbit, 
"ow"er~ ii probUly oa!y ~aI; .. caaKd by the ButWltX. oj she: Iw:face of the. 
c..w. . 
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This dt:fcription of til~ Chiner~'incJil'h~d phnes. :lppt:ln to bc ('()rrd l 
,in the outline) but cannot be t\ken literJ.!If, as 45" tlcdivicy is 1.1 1" too 
O:ecp;' unlefs tht' fall be fa little as to b<:"ar a [mall proportion to the 
Jengrh of the boat> and then the \leep ,inclination of the plane: would be 

arlierh: moment. 3$ the ~oat need n.ever roueh it but on Oiding off wich its: 
hed. 

In the plate. the defcription is partly corretted, as the inc1in~tion is bm 
14° from the horizon, viz. one foot fall for every four fect bafe, which I:. 

alfc too creep, unlef; the boats that pal'S thofc planeS! ~ much motter than 
the geaeral run of their boats ; which is the more- probable, as otilt'.·wifc. 
they would tkain and break io two with any lading, on turning o\'cr the . . 
crofs-timber at the head of the I,lane. Thefe bO:th. according ttl the pb[C' 
of the inclined plane are of about 3 fL"ct ht.' ighr, :1Od 56 feet tread all (hf' 
"ground. with fharp-overhanging ends, prt:.jctling 9 or (0 feet. :lnd rirmg 
with a bend equal to 'the defcent of the plane, therefore tcnding at one cnd , 
to raife the vdrc1 in its defcent. and at the other to produce the fame 
effett, in a fmall d~ree, by the weight of the boat's end behind the trt'a:} 
of hu heel. ] lhaU alTume the boac to be fl.l far laden as to have as much 
buoyancy above as ~e1uw water, and the effect of the projeCting ends to 
be under that predicament. equivalent to a fhartening of ie to 8 feet Jefl; 
'than its tread on the ground, viz , [0 make il eqllal to a boat of fimilar 

fed ion from end to end of onl}' 48 ker, in pb.ce of 7 5 (1."(;'( elttreme length. 
From thefe premifes, and admitting the tran{vcrfe fd.l:ion to be f'1uare. 
whiCh :will not m;,jcerialJy alter the cafe, (a.'I their fetbon. exciurive of the 
ends, is uniform)~ we m~y deduce what tht ~oating power ,of ruch a , boat 
,"ould be. 

Undor_tbis predicament, it is obvious, that a diagonal line (roqt the 
{u~it o( one' end of the boat to the lower extremiry of the other end, 
would divide -its"bulk into equal part.'IJ one of which immerfed in water, 
'Would be juft equaJ to its whole weight; therefore, as under [he givt'n 
.an,g1e of mciinaticm and .wdgbt of boat, the water would omy flow·1 z feet 

L • aio", 



along the boac's bOrrolD, or ,! of' its l~~\gth; it (01l0W5. that at the inftnnt 

of iinmerfing one end und. 1' water, it w:mld O!::y hwt: .;f of irs v,cignr. 
water-borm:. The centre of gravity of t .• i!. tenJenc)' to lift the boat would 

be at 4- feet inwards from it$ lower cx tn:mity. ,viz, :It +T of che diib.liCC 
from the boat'$ hed, which hitter wUllld Ue its turning. point. It i:; t"vi. 

dent, that a power equal to hair the weight of the boat and cargo, ~p. 

plied 'at its lowe r ext~mi~y, would e-nablt: thl' boat to rift', :is the 'OIiler 

tlxtremity. would ben h:lif m.e weight'" i but, in the prt:ftnt infi:mce. there 

i& only half thl' m:cdi'ary power acting at -:.i.- of the requilite arm of le.ver, 
confcq.uendy, only equal to .:-{- of the requifite force; therdllre, with the 

aid of matts rowards the h'ead of the boat frill unequal to the end t. JJ; 
however, we combine the dcfcriptioll of the fall, viz. u near. 1,0 feet in 
,~ . perpendicubr depth" with the length of plane, in the p1.lns a('~omp:lny. 
ing the work (which the eye might judge of, comparatively with the 
Itngth of boat) we lhall have a dl:':clivity of abo\.i[ .;; or nearly 9° .: . 

. from the horizontal ·line" which will pteu)' wdlaccord with the circum'~ 
• 

ftanc(.s. 

J have enterethnto this difcuAioTl principally to fhew the points· to be, 
attended to, in the facility of boats floating from off' inclined pl\lnes. and 
the neceffiry either of their being of a gem:le declivity on their junlt:ion 

with the water, or that the axis of the hinder wheels. be placed not· far be­

bind the centre of gravity of the boat. 

J can eafily conctive, that the travellers might.be miftaken in the declivity 

of die pianr, if they judged. by the eye, as angles of afcent and ddcent ·are 

• Nearly rOt the IlItlllng point being only thrown backward the tangent of the L of in­
dinlUon upon I-Ihird of du: boat', height. Tomalle the ether dedllllioni Jl'!rrealy true. 
W ~ntre of gravity of thc boat and arlo. muillie at I-third of itl bc.iiht ; and if highet. a. it generaUy muft be. it wUl opcratc.lDoR ai:ainll the power of the boat.r: riJin,~ . 

t Unld. there w~re at tbe bottom. of the gbci5 3n apron or fmooth platfNm at fuch:l. . 

d.cpth· 1.1 not to Admit · the boau to fmk . ",hich dotl'nGt appear 10 be the cafc, nor CQuld 
well be f.g v.a.kr (lath illittIU,ti,QD oi fuzfa ... u·,he Canab ar~ Ii.j,blc co. 

Vtry 
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veryd(,ceitful in their appearance . • 'Thar.- [hl: bo3ts are longer than on ·re­
fle,t.tjrm we fhould con:cin' tlv' m to be, appe:lrs corroborated by a tra­
vrlh:r of: the. Ian century. Fatber Ie Comee -, who obferv{"s, tbat U in 
~, fome phct·s where the diqIO(jti ~lIl of the g iound dOf!:s not permit the 

. . 
It fanning of a comnmnicJcion between cwo Cilna}s, rJiq Hill contrive to 
c< pars vdTds from one to (iLt' alha, nutwithftamling cn'ey. may have morc 
(. [Iian J 5 feet hl'ight to (urmollnt. At thr. (,xtrl:mity.uf (he upjXr Canal, 
u they canftruCt: :1 dotlble g iaris, or indined plane, of hewn fione. \-VhM 
" a vcOi:1 arrive's at th t" cxcremiry of the lower Canal, it is raired by the 
H help of capftans to the fummit of Ih(: firf.: glacis, from whence irs own 
(( ,,",('ir.-he m:lkts its nide on rhe fecond into tilt uppt'r Cmal, and lhey de­
~, fcend to tbe tower by revu'(lng the ope rations." 

This authcn- could fcarcely comprehend how the Chinefc barges, whic11 
:m: commonly vt ryolong and vrry heavy laden, did not break in the mid­
dle when fUli,cnded in the air on th~ angle bccwl'en th~ (huble glacis; 
nt"verrhdefs, he diJ not -learn, thar the Ieafl: accident ('vel' happrned.­
H Thtle inclined plants ( he f.lyS), are not to be found in the grand Canal, 
(f becaufe tht' Illlp~rill barks could neither be raif~d by manual force, nor 

• H [ecun~d from the misf"vrwne ro which [he ochers have .the appear~nce of 
H being iiable." 

In inclined plaues of fmall fall, rueh a!( are tired in Chin:!., and for boau. 
o( confiderable length aad magniUlde, the fide-way motion t 111ieh[ be 
mad,.! to aoewer. Ie would alfo do (or longer inclined plants (particular},' 
if very fteep) by the aid of counterbalancing weights down feveral pits, 
and a caiffon (or the boat and its furroundin9 water to defcend on many 
wheels, or raIlers, into a dock ruch ~s deCcribed in {e"eral inftanc~s in the 
lirft ~hap~r. The countt'rb~nclng weights l'nay be: cylinch-ic tubs,. fitting 
the pits ~nd laden, with watc:r j the cwo end ones fa regulated, as Co move: 

• Vlde lI~lidof' s Archite8urt HydrauUque. Tom. IV. P. US. 
t Ship. are fometime. -1wnthe4 tb.it way, when: ,here u waol of room to go end fore,.. 

agft 

perfeCtI, 



( 86 ) 

perfcEl:ly equal to each other, a'nd ket;p the cliff-oD. d\1l10g it!; 'progt'e-fs fa 
the f:!me paral1d pofition .,' The pits lhotlid at leall be down ,to the :Jevd 

<If dIe drifr. from the dock of'lower recoptacle of the caiifon . . 

The weight of water and of the vdfds in t~e ph'S, -under fimilar .vertical 
ddccnt with the inclined plaM, will [heorctictlly be no more th:in that of 

rhe califon and irs. cbntents, be rhe angle of dedh·jty what .it may ,; <lnd 

their difft rent fpaces paIred through would be ufdy .providt:d (Of) by the 

tlilfrrcncc of diameters of the wheels, on -the a"is communicating the 

CO llnterpoifing powers; but in ~ntle decliv~ties particularly, friCtion and 

refilb oce from irregularities of thr. {unace .aCl:ing on the wheels or roUtu 

lufb.ining the (aifron, will be very confidcnble, and occarlOn a lofs 'of , 
w:\ter fat beyond chat of the plans of Mr. Weldon or Mr. Rowland .; but 
of litde conft:quence compared to Locks" Another circomftance alfo mi­

litates againft- this ph.n in moderate d.edivi.r.ies, which i.s, the difficulty of 
keeping a large eOliffon wuer-tight. beeaufe of rhe greacer eff'e{t from 
cali /at checks under the necdfarily increafctl velocity. From both the 

auovr c:mfcs, 1 conceive the plan fu~fttd, will fe,Wom be eligible but in 
/lcrp ckclivicics of 30G and up,ward~. 

It is an argument againft the inventive powers of the Chinefe,' that they 
ha ve nO( hitherto conftruCl:ed Locks; ::.s a'great part of invention lies in the 
conception of tile poffibiJity of the ev,ent j 'and the Cbin"eft: have been' in­

fOrmed, for upwards of a century. of its abfolute poffibility j as the Jcfuit 
Miffionarics fentto China by Lewis the XIVth, in 1685, acquainted'them, 
with the principles of a Lock, with which tbry appea:red afionifhed. 1be 
Fathers al(o thought that allY one who· woUld carry to China'the, model of 
a Lock would be well received; anq caufe,as much admiration iAS.the ~, 

wacrhes that the Miffionariei~ prefeDted to ~ f.;mperor • 

• Cha.in' mui1: of courfe be made ufo ,of in the machine both to fRfpend the ~ler Y4e1~ 
ud retai .. the' aUran. A prejudice, no doubt, exilh agaillll- chain •• on account of the Wl­
cutaiaty o( their ftrength; but · tlUs' may u(lly be: rClllltied. ' ~y ' ruh~uing ev.er)' link to ~ 

'ftrefs Tar fuperlor to what th'Cy artl p,opGtelho:bear, · .... hich fMy 'be done befol'e' the ~< i. " 
pat, to&ethcr, as f01 this pu.rrof~. i, Ihoald tD'IWl of W:W ~ueaed by bolu. 

The 



Tht- Chintre method of oVt'rcorr.;~ an:tnrs appears to be l~ng fub!\:­
quent to the attcmpts of the E~Yl , tians. unda the fllccdrors of Ak'x:m­
der; who" according to MonC Huit. Bifhop of Avranches, had the art 
of C'onfhuttina Ouice" or Locks of one ret of gact'~; (0 as to flop the im-" . 
petuofity of the ctJrf't'l'lr, and be o<;"cafionaliy opened. Though ttTrll:cd 

gates, the openings w~re man: probably dared with beams· of rimber, Jet 
down in grboves ; as gates of ,large wic.1rh and d~pth couJd not be ope-Qed 
without diffl'culry,. even againft a fmall difference of level. Ther~ .:ITe" 

however, fuch nuices with gates upon [evenl ofche running Canals on the 
verge of the Shannon. They werc ereCted about the middle of [hi!. 
c.enNry, and are of difficult ufe. becaufe: of the for,e T"qui!ice to. open 
them. 

Thefe running Canals :Irt on the Chin~fe principl~, and nothing more 
than new Cbaimcis (or a portion of the river ; whicl1, when fr is low, arc 
ftopped a" in China, to reuin a he.ad of water fufficient [0 paG the bo3t. 

During the flooded flare of rivers, aU fmall' falls are equalized. as the.y 
necelfarily rife higher below than above a rapid, thertfore, 1 am far , from 
tiying; that running <':an"b with a' [mall (lll are nor, ill m:lny infiances. 
eligible o~ the: thores of great ri~rs, :lnd that well-devifed frops rafily 
opened and dored, (of\Or ruch as lift up like thofe dcfcribed in China, nor 
open againft the fiream as gates) arc not fomrtimes preferable to illcurring 
the charge of Locks.. 

In other nearly fimilar inlbnces, where Locks are eligible, their piers and 
gates alone will be fufficient without any other floor or fide walls, than a 
concav.e aDd battc:ll!d pavement, continued through the ·bottom and up the 
fide, of lbe ipace be"'e •• the pie .... 

• TJie eligibility and the particular conftruClion ofthefe works, will much 
depend on the nature and extent of the beds of the rivers, the difference 
bttwcren theii- 'low and flooded ft.att's, ,he' height and ~lfo the permanency of 
datil (bores, and the quantity of floating icc. 

Thde 
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Thefe tingle pairs of piers of the Cbinefe, are propr.rly caUed,by De II, 
L&nde) h:lIr Locks. Th,e d.fllal politico of twa pair of pier:. near to. ea t ll 
other, has, no. doubt, occafioneJ the invention of Locks. as it would (oon 
.be fc."cn, that when the gates or Hop beams of the lower piers were doft-d, 
and of fuffici t"nt heigiu .hat the water would be nearly niH between the 

upper pair of p;en, and afford an c:afy paffage. On this principle, in place 
of lingle pairs of pitrs, [we, pair would. be er.dled, fufficient1y m:ar to'tach 
other for the purpore, and capacious enough to hold a tieee of boats. It 
would foon afterwards be found. that in dry ft aCon:;. the waCk of water was.. 
greater than could be conveniently affo.rded. and [he operacion rtdious for 
lingle boats: rhus would 'progreffively a: ife the invention of Locks with 
walled chambers. and Ouices through their g,m.: s or walls. 

There are at this day exilting on rivers. Locks of the firn conftru[tion. , 
compafed fimply of two pair of piers, without !lny i! on neelion of walls or 

pav.ement between them, 

Tilt following account of the: annqui"ties and dcfcription of the Chinere 
Canals. is principally extratl:ed from Monf. De 1a Lande's Treatife .. " Des 
ClIlOlU'X de Navigation;" and from Du Haldc's Hifl:ory of Chi~a" in which 
lllthors will be found a more full and 'particulM account rhan rhe defign of 
rhh eff"ay requires me to give. 

~ne commencement of the Chinere Canals was fomewhat leIS than two 
centllries before the Chrifi:ian ~ra. viz, foon after rhe coming in of tho 

d~/ naf1:r 9f I;Jan. which took pl:lcc 202 years before ,Chrifi:. Prcviou~ to 
th is, gr' in and other necdraric$ were carried on men's Choulders. where 
they had not me cO.''lVcnience of Riven or r.akes. The Emperor being 
Ihocknl at rhi~ fl~vifh occupation of his fubjct"b, employed marlY ",,,"s of 
men (ear.h ouon being JO,coo). to dig Canals for the conveyance of rice 
acd .grain from the provinces to the capital, which was then in [he pra~ 

vince of -C,hen~fi : :tnd, herore .the middle of the fecond ccncury preceding 
the ChriftiO\ll zra, .~U tbe great rivers communicated with each other by 
C~na1sJ and Were navigable a.lmoft every where. . 

Betwecl1 



Bttwten tha t period, a~d the comr'nencltfficnt of the dynafiy of Yuen, or 

[he Monguls, which began in 1 z6o; the capir.-I of the tmpin: was fuc("cf- , 
fivdy ch3Jlged into different provinces, which occafiollcti new combin.l­
tlons of Canals, for conduCting to each new capital the immenfe Dumber 

of vdfds laden with grain fhat it required. 

Ya.ngri, of the dynafl:y of Tnn, who mounted the ,hrone in til(' re.ir , 
605, and reigned 13 years, commenced the fi'rO: year of his n:ign with 
making new Canals. and enlarging the old ones, that velTds might ·pafs 
from the Y dlow River to the Kia~g river, ami inca thr. river Ouei (Eu­
ho of Sir George Staunton) and various other rivers. A plan walt given 

to hIm for making all the rivers navigable throughout their extent, and to 

make the,., communicate one with another by Canals of a new ir.vention. 
This projeB: was executed, and according to it, 160q leagues of Canal:; Wert: · 

made or repaired • 

. At this period, moll probably, their plan of Aood-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 fuperAuous quantities, or in lining: rh.e 

hanks with fione wher.e rhe fireams were rapid, the remainder being limply 
excavation or e::mbilOkment. 

About the year 1'2.89. the Emperor Chi-t-fou, the firll. of the dynafty of 
Yuen, or according to oth~rs, the fifth fuccdfor ?f Ghe::ngis-kan. having: 
conqu,red all China, and being already mafter of Wdlc:rn Tartary, re­
tnovC'd the feat of empire [0 Pekin, to be more cencral to hIs vafi domi­
nions. Bue the neighbouring provinces not being able:: to fur'nilh fubliftance. 

to his court and his numerous army, he.eaufed to be made', or rather to be 
perfected and altered, the famous Cana.l ufYu-ho · or Yun-Iyang-ho, (im­
plying the "river for 'conveyance of provifions), which runs through the 
empire from North to South. 

Front Si~ G. Staunton giving there flll/nU to 'he river Ouci. belween Lin.din-choo 
and Tien'(Ulg:h 'ppean. thai the improvement in the channel of the Ouei. hct .... een Tien­
"" ~Gd LiD-din.chao. ha;c caufed it to be deeMed pan of the: Yu-]cang.ho. 

M Th,y 
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They had. :rt fIrl!, no weU-co'hn,ct,d pJ:u\, bat mild, ',,,,,raJ uf,ler, at­

tempts fun of nulu. They~went upon impropcr lines, 'Md had not fuffi •. 
ciendy attended to the effeCts of dry (cafom and inundlltio'ns,. which were •. 
however, progreffivcty con:ccted. ' 

The gtncTal,depth of water was deGgnedililf 'the .great, ;(ana! to be 9- feet .. 
Ind its frequent Mns are many of them 'intended to prcve'nt (in aid of [he 
flood-gates) the too rapid running off of tire water. They ha'lc fre • 

• quendy a difficulry in keeping up 5 or 6 feet water'. and in fOllle' cry YC';J.!S:t 
the C:ma.1 is reduced (0 :! or 3 feet, whioh is ftOt {ufficienc (or the Imptrial 
bJTges. 

Tht portage from Nan-gan-foo,. over' the Mountain 'Mejlil'l to Canton 
rivcr, is b? confiderable, that tht ,anti' is, at all times. throng~d almoft as 
much as the fittets of a great town. They are, however, t~na&led to avoid 
this portage when the rivers are high j . :\S they have,. 'for ~t purpofc" 
joined a Wellen\. bran~h of [he Pe-kiang, (probably th::\~~ttttkutg off (rom 

Tchao-choo-foo) with a river running throcgh the pro¥ih~~dt Hou~quang., 
into the Y attg~-kiang. Thi& appears to be :L ditTc-renc' river (rom. [he' 
Kan-lQiang-ho, and to fie co the WeIl:w3rd' o( it. "f.~ navigatioriby thiS. 
route, is faid to be much more circuitoU5 chan the· other~ ' 

T~ waterS which coJka from. the moqntai"n'~ in. t'bc North. of the ' pro­
lIinCC of ~ang-fi, fbrm near the city cL Hin-ngan~Jnen a ' {mall river,. 
whore cour[e·4.! ftoppe'd ' by 'a d.m, fo as to' fend: the water to the fummit of 
the paf» by a-channd fur' that purpofe; from ",hence,. by a .thore Canal. il 
joins the-two riVers. It isneidlcr fo convenient nor fo well kept up as th~ 
grand' Canal i arid' die water if often low, fo that the veffds He mhe~ 
dra;o"R on the grtV"ei, than OR tbe watt~. The auias or .. contract~d" 
pafihgts on this Canol' fhnlie purpof< of. !lopping the water, . .... , /0, the 
1Il0!! pan, mad, of ,arth rupportcd by nak,s, the pa1llig. tliroilgb which i. 
c10fcd with mats or, other limilar !hin&>- . . 
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The ';nduO:ry of tho boatmen :loP inhaP:litants of the cpuntry i\Jpplies aU 
defects, and gives this rout fufficient advantages to caufe j't to be ffequentcd 
by many.mercbants .. as in the other' rour, a pafiilgc by land is indifpenf;, ~ 
ble, and clurcs much ex;ence :t.nd trouble in trilnfporr.ing -merchandize i 
however, there is no p.1rtictJJ~r impediment in rhe circuitous route during 
the time of high water ip the rivers. This circumfia.nce cle~r5 up the dif­
ficulty of accounting for the palTage of the immenfe mtts of timbe-r pro­
ceeding (or the middle and Eaftern proVillCe6. ' wh ich: the Britilh EmbafTy 
met l?clow Tchao-tchoo-foo; as, bV this chjLnnel, there is tlA interior 
water-communication ,all the way from Canton, even [0 the Northern pro .. 

VU1CCS. 

In th~ journey of the Fathers Boures, Fontenay, I.e Comtc, !ce. from 
the POrt of Mngpo (tbe Nim· po· Iatdy mentioned). they, relate. chat 
they foon n came to a place where they hoift up the barks, in order to 

" conver them to a Canal which is 9 or 10 feet lligher thaq the level of 
4( the river. They hoifi: up the bark. by means of a nope or dediltjcy. 
H paved whb large nones. and when thq.· have got it co the top. they. let 
., it fiide down another into the Canal." H There 'are people who wait to 
I( bt: hired for this flUriJofe; they are not above a quarter of Ul hour about 
ct jrl ha;iAg tbe help of two capftan$.'· 

This inclined pilUle is in the fame diQriCt defcri~ed by the Tchu·{an 
travellers (probably one: of thoCe they delCendc:d), a,nd ditfers ill not~i.ng 

but \he time of p:1ff~gc, which will depend much on the force emplpyed.­
If tb~ aid 'Of capftans be urc:d, in which both narrators-agree, the pa(i"asC' 
caM9t 1J.e (0 quick ~ by 01 .. we:U-r~gulat.ed Lock.. Their account of the 
Kiapg:aod y ell(,,~ . Riveu, anu of the -Canal in theif route to Pekin. conti· 
ckrably !crem~lcs Sir G. StduntOn's. Some of, the l1uicc:s or ftood·sates 
llpon efr.: grolt Canals, .arc f.k(cribed as reminiDg the water in confint'd chan­
nels.,gf mafanry (appartntly ~f fame t>:x,tent). through whim it ruJhes with 

<! The dJffi:reGt ll.l.~, gi+,ett 19, ~ (fmc ~ ... bl cUlfcrcftt · t~,cller~. j~ WJy rt.C(OUDt­

cd for. when it it conlidercd. that their Drthoguphy rn."'1l be tcully :auriclI!ar. (,om l,he Chi-
8Cre not uG.ng .the .alpiul.bet. 

M, ..11 
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vAl: i'Tlprtuolity, fo a. to fequiJ"(' great.power of capftans and or m{'n, to 
g et'th(" veff 1s up; and th:H", in pl.ICt" of lrt: ing tnt:m run down at will, 

they :.t I t c :m"u:ly let through by ropt:s that art! Oacked aW~YI tlntil they arc 

below {he Ilrength of th~ ftream. 

]n the Chap~er on Lakes, C.anals, and Rivers, P. Du Hallie ob{ervt's, 

that H if China happily tnjoys fa great a pJ~n{y of tvery thing, it is'- in­
" debted for it, not on ly to chI: goodnefs and depth of its foil, but to Ihe 
(( great number of River:;, Lakes, and Canals, with which it is wiltercd. 
U There is not a city, nor even a l;!r~ town, dpecially in the Southern 
" provinces, which is not fituatcd upon tne banks ora River, Lah, or lome 
" Canal; . and there afe few provinces where there is ao t a hirgc Canal of 
H fi ne, clear, and deep water." The principal Canals, L'Abbi: ~'evo[ ,in­

(arms us, u difcharge fhemfelves on both fides into a great nUll lbtl of 
" others, which communicate with moft or the citie~' and, towns; for the 
(C convenience of travellers, and rhe tran[por.t of the produB.s of the coun~ 
II try, whi(:h are reciprocally communi..;atc::d. Thd e little Canals ."fe; 

cc in the end, rubdividcd into a number or brooks to fertilize the adjacent 

(t plains." 

As much oppofi rion ofien ari.{'es in this country to the execution of tbe 
moO: ufefuJ Canals, it ~y not be improper to repeat the well-known 
faa, that" Canals in China are cut through any kind of private pro­
U perty, garcens, plantations, or pleafure-grounds J' not even thofe of the 

fC Emperor, or any of his Governors excepted; but when the work ar- , 
01 rives at their g'ardrns. or pleafure-grounds .. the Governor. or even the 
.. Emperor himfdf, digs the fitft fpade of earth, and pronounces with an 
C( audible voice. 7'hu iJ IQ Itt Ihoft' of itt/enDr jilM4IionJ oow, INJ 1W pri'IJalt 
" p/,,!!m !hall ,bj/rMa tbe p.b/it gqod." 

It appears, that the river Kiang affords an extenfive na.viga~ion, and isJ ! 

in many places of tmmrn(e depth, and in others has rocky rapids of con­
lidcnbk c:dcnt, which they find-dangcroU5 and difficult. The fame cir­

cumftance 
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tumftance' 1ikewife takes place in ilme other of rht'ir rIvers, which, were 

tht:y acquainted with Locb. they might remedy. The Yellow River 
gives alib an txtt' nfivc navigation, but it is difficult to fiem its current. 
The Poyallg Lake is fai<\ to be <I dangerous navigation. from fuJden high 
winds, and that many veffds are lolt in it. wh ich accounts for the Bri­

rifh EmbalTy being fent to Camon by a different route. 

The Ch.inefe were much infiuenced to · the conflrutlion of d,at part of 
their havip,ation, which is· parallel" to the coaA-, by not being t"xper~ fea­
meo, and their fear of !hip-wreck and pirates. Caufes totally different 
mull, at fome period./ produce' a fimilar effdt in the }{uffi:m Afi;uic do­

minions. The great rivers Oily. Jenifea, and Lena, which rank :unong • tlle gn:;ttell: in the world, all difcharge into the Frqzcn Ocean. [I) that a 

rea navigation is totally ptedudtd. Thefe rivc::rs. however, fo interlock 

tht ir great navigabft: branches, in :l plain country. as to anmit llf bri ng 
eafiJy united i and by the two former alone being done 10 •• 1 wlter COIl­

v eyance" from the Eaft fide of rhe ridge of mountains dividing the pi 0" 

vinct's of Carom and Tobolfkoi, would bt' had ro Sm:alka, near [h I." Cl ~ ­

nefe fron;ier, from which a con fiderablt trade is carried on by caravans to 

'Pekin, a.diftance of*about 1000 geographic miles, an extent of lantl-car­
riage apparently immen((- in th is country where every thing is v«ry utJt; 

but there o( comparatively fmall moment. j Nothing lhen would re­

main to be dam:, to afford water conveyance (rom the fromier of China. 

and from the immenfc: provinces of Jenifeifkoi and Tobolfkoi tv Pe­

ler(b~rg. but to dJd\: fame of the fpecies of navigation. which J have 

defcribed, through [he vales of the narrow ridge of mountains b<; rwC't'n 
the ,river Tura, a Wd1:ern branch of the Oby j and [he uppofite Eaftern 
btanch of the Kama, from which river there is 3n extenCive commerce by 
water to l'ettrfburg, in the conveyance of fale, iron, &c • 

• I.-a popol0Q6 cou.try, like China, rhat nlvigation is fufficiently dilbnr from tbe 
{n, to authoria.c iu ~ll4r~ withollt thefe motives, wh~h. howcvcr, w~re a leading . . . 
induccmc:nl.o • 

In 
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In the travels of Mr. John Bdl, froO\ Peterlbu~g through v,lfiou~ 

parts of Afia, he informs us, .. that the river Kee, a mwigable b,ranch of che 
Oby, a~ovc its junfti,on with the: Irtifh, rr takes its rife in aLak~ ~[alin..,u 
'" dinance from the Jenifea," (nearly oppofite to Yen,ifeik the capital of 
the province), (t and wl;'r~ a Canal cut between them" which migh~ 
<I eafily he don~, there would h,e a patfage by wa,ccr to the fro,ntier' of 
« China from Verchaturia," a town on the EaR fide of the ridge of moun­

tains. Weft of che 'Kama, 'and fitu.1ted on the TUfa, which falls ~to, Ple 

lrcifh • 

I have only flared a navigabJe communication to Screalka j but from 
drcumfb.nces. it appears probable, that the navigation might extend from 
two [0 three hundred mile:s furt her. through Chin.:: lc Tartary cowav15 Pekin, 
hy purfuing the Selinga, Drchon, and T ala. Thr: Jan.::r i5 a ~ranch of 
the Drchon. which. as wdl as the Strealka, fal15 into the Selinga. which 
difembogues into rhe Lake Baykal.-This Lake difchargcs its waters by 
rhi! Angara. a br;mch of the Tongufta falling into [he Jenifeil above 

Ytnifeik. 

Mr. Bell alfo obferve~J that from Elimfki. 3. town on the Elimm, a, 

navig30Je branch of the T ong\l{b" it is about two' days journ~y to the 
Lena, from whence it is navigable b'Jrh downwards and upwards for ve'f­
fd~ of cou(iderabJe burthen. ~he country between thefe pI,aces is, how~ 

tver. though not mountainous. rather hilly. 

The filii effect: of that communication betWeen che Eallern and W diem 
provinCes, [hor~ who, are acquainred with the country, only can judge. 
Siut'ria is. iifc:lf. fufficiently fertile to receive vail: advant:.agts from a com­

, munication 'between its rivers; and nCJ ar~cld ~ut thofe 0: V'alue, wo~ld 
e ver travt rfe th~ immenfc: dilh.nce from: onc: extreme to the other, par,ti­
culinly as, from the fhormefs of the fumm ers, the paJTage ,would rarely or 

ever be: perform~d in one feafQD. It would extend t~rough 3bov~ 7 s· de .. 
grees oflortgitude, o~ confiderably more than one fifdi gf ihe citcwt of the 
globe in that parallel. -, 

CHAJ'. 
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CHAP. vIir. 

Gmtral O¥r-vQtiorlI t1I1d Omd'!fion. 

'W HF.RE the propafed Itngth ofNavigarion is very conCiderable, :t be­
comes a gre:it obje!t that th~ cargors fuoul~ be I:nger than the {mall 
fyftem admits at bec<1ufc, many of thofe cargOes concenh:red in one, will 
require .lefs aid of men and horres, conf~quenr1y ~ conv('yed cheaper·. 
and in general f~(er; alfo, the greater detention from lading and ddiver­
iog, larger ve1Td~ diminifhes as to ies dfeCl: llroportionately with incrcafe of 
olftance. 

The Lock Navigations admit of the largtft vefi'ds, and next to them .. 

rhe plans of Mr. Wddon and Mr. Rowland, and that fuggefted in a pre. 
ceding Chapter: which latter being lefs limited by phyfical caufes, is ap­
plicabl~ .co greater heights with lcfs proporriona~e increafe of upener: _ 
and (0 a greater C'Xtcnt of fall than eithl':r of the: others can be c:Iigi­
hIe: aft('r thefe, follows Mr. Reynold's invention of Lo.;:ks at tb.e 
head of Inclined Planes, which. combined with the eig!1t.whcded t car~ 

ri~s derctibed, or with the frame and ~ol!crs pailing under, and Cl'ln­

netted with ir, as fuggdlcd by Mr. Fulton. will be applicable: to dcckeA 

Whcrt'ter ,the difrerente of expellte of the IWl'I' Can:!l, e.J\ables a redlOliion of toD .. 
cquivalnit to tJie increa~d ch rEe of conveyance, that adv:l.Jltage tUCCI, except as tQ 

~:'lt JOf v-ll&&b1c artic.lu, whi.ch "~r c:n be Co perfeElly fccllrcd, at IInder a deck. a.nd 
JjltCh~,. ' 

.' t There tatriagc. lie adapted to an lndined PIJ.ne, of gruter declivity Lhlll) at itt bead 
O'J'lO:or'. b_ if tile ' declivity lie 'unllOniI', (0 as to fult a ' wruge with tollen, j, will alfo 
bi fwtable- t~' a ~riage'with ' (ti y IiWnlie,' of,oJhec11 on each. fide; taking t 3re only. tha.\ 
the tread. of W: wheels form a right liDc, and that \here be mean. or adjul1ing them: 

boan 



·boats of t 5 or 20 tons, or perhaps mOre. The next in rotation ., as to 
magnitude of cargo, is the il1{'lined 'plan~ and carrja~ f,ftero for {malle r or 
fhorter boats palling over the ridge at the end of the upper Can~l, which 
is chiefly calculated {or coals and minerals, and will, probably, admit of 
improvement, by making the derceading and afcenrling way continuous, 
like Mr. Fulton's; and having a Lock at (he head of the dtfcending way, 

Jong enough to con.rain a feparate carriage for 3 or 4 boats. (or fo 1'!l3'ny 
as (orm what has been called a conjoined boat). Thofe boats on defcend­
iog, would draw another gang light. or half load llpwards, over the 
top of the ridge, no Lock being requifire on that fide. The chief ob­
jel1:ions to this, lie in the vaft weight of a gang of boats, which: in a 
Ileep angfe of defcem. would require a very heavy mpt', and in the diffi­
culty of returning the carriages to [heir propa place. The laue ... ·may be 
got over by keeping the two ways at a little dirrance, and joining them 
above and below by a Iirnicircular railway for the prriages (coupled t 
to each other) to run along under-water, after they have parted with their 

velTels. 

Both in this, and the method taft defcribed, the water contained in the 
Lock may he drawn off ·inco a refervoir, at the head of the inclined plane: 
in this ~fcrvoir. or a pond communicating with ie, ~ay be fixel! a broad 
IInder-lhot watt:r-whed between the (wo railways, to retard the motion 
of the deft.:ending boats, and t<? throw back the water. 

This wheel may run in a clofe cafC', and be divided round its perirhery 
by different 1hroud boards, forming fo !l1any wheels, fo tha~ One or more . 
portions of its width . may be employed at the fame time, in throwing {,p 

water according [0 tte Dectmty of the cafe, to be determined by the velo-

• ~a !hiJ, I a1J'o include th~ method.. of boau alternately lowcrilll alld hoi4irlZ cd olher 
;up nd down pi.tt:. 

t in rll~h a way u to Cuit the dil'cretlt boats cbt arc to tetl llpon them, arid yet' admit ' 
Cl:r the ncc:dIary utcnflon when the bo.at. tame oyer the (;onun part of the Jnc:1ined Plane • 
. which D\a' bt clfctled by a worm.rprill,. ' .. 

city 
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tity of the defcending bolts. which, 'by means of a centrifugal regulator 
will open one or more of the penfl:o'cks to lct the water below the wheel, or 
{but the~ all, as occafion may require. The refervoir under the wheel 
Ihould, of courfe. never be exhaufted; but when drawn down to:1 certain 
extent, fhouJd, by a Boafing weight, or any other method, let in water 
from the. head Canal. Thefe means will anfwer for a defcending trade. 
and, .if the afcrnding trade be more [han the omer can 4raw up. and water 
be deficicRt, recourfe may be had to a !team engine. 

As boats on the aggregated plan may be 7 or 8 feet wide, they will an· 
fw.cr.[olerably well for light good$, ahd. as one:ga.ng, or combination t of 
conjoined boats. 'may be cl')nftantly under the fame charge. no objed:ion 
can arife'from change of refponfibiJity, particularly, as thefe boats are 
not fo fmall but they may fafdy navigate larger Canals, and without :ncon­
,vc:nience, when the .. onjoined or feparate boats are proportioned in length 
and width to fuit the Locks. 

,Wheel·boats of • feet wid~ maf :tnfwer well in pr~r co Jntfies fo r 
lead, iron-ore, Oates, limeflone, &c. ; and if found to ftrain ' It ,6 feet 
length, three of which I haTe propofed to form ' one conjoined boat, C3r­

rying 9 ton~; they may be reduced fa, as to carry the fame quantity in 
fOUf, and be conne8:ed as one boat; they will alfo, in certain inftances, 

anr wer in collieries. 

A.colJuivance fulliciently known, ~n.rtftiJlg or Ii verlicaiaxu (havill, Gear the head ,;,f 

oil' coUar CODDdled with a lever) cro£r;d. diagonally with two ban or iron, movin&- o. a. 
pi.n~ w.Rich palTt. at right anglet through the vertical axi, i on the lower clld of uch of thefe 
diagonal ban i. lUI. irfilll ball. Thefe ball, lIying off on. their receivin& {u~ienl centri. 
fugal tendency to on:rcol'lMl their gravitlltill, ffilr«, prodllce the defrgned. operation, by 
drJ.wing dow,n tAt lever. which i. clone by jbUlU of the fame lenJ1h of the parn or u.e 
dugon.! bl.;'" &hoye their interfeaion. and joined both to the head of thcm and to th~ (01-
br, Theft; joiAu. and, the upper put of the diagonal ban rorm. the 'ppeaunce of a 101-
;enge. ' Thu apparatul it rrequently ufed. to regulate the motion of Boulton and Watt'4 
Jleam~eDlllloe. aad is e&lIed a governor. 

t Vi~. two or fout conjoilled bolli, accordi.ng to circum!\;lncC5. 

N 



In addition to the me thods m~tioned. there is anot~t'. r which belon~~ 
mor~ t'."l C"rt: :l.t divt'.rfity of maglliwd(' nf Canal. thnn to oven::omi);g afcellt' 

and c1 t fc·" ~ t. This i~ the q uick tr:mfition of arridts from·one, boat :0' 
anudwr, hy me'HlS of having tnt' cargo in th ~ gn· :ltC'r boats, cithtr put ori. ' 

ginlllr. o r rlirdlarg('{~ into carcs fU1( ('" to the form of tht' fr~alkr ont'~ : ' 
confcquendy 'a Cily rr :1 m.(erJ't'd to thl: laterr, and as t:afiiy t.lken 0\1{ (rom' 

tnrm. TI lis h;u, bc~n elucidated in die fifth Chapter, fo far as it i~ appli­

cable [0 aCcent and dt:fccnt. 

In Ihe difcullion oft:vrry fubjeCt where a diverfity of opinion pJl'vails, it 
is requifHe that the w,iin !hnllld be (rre from prejudict': ' Engineers have ' 

in ge'l1crOll been charged with being inimical to the introdultion (If th~ fyf .. 

tern of navigation fo w~rmJy recommrnded by Mr. Leal:h, Dr. Ah1~ rfun, 

and Mr. Fulton j which, if eligible to the extent am·rred by thoft: G('ntle~ 
m~n, wou:d hav~ dlrowtl deft'Tved cenfllre on all who have b~(n concerned 

in the chid direCtion of publi .:: works: T !hal!, therefore, in an l\ppr-n(!i:tl 
fuew by ExtraCts from fame of {ueh of my Reports on pro;;rtled Nav iga. 

ti ons as have been printed, that I have betn no way honi:e to the leadiryg 
principles of their plans, and '<o nJi:ql1~ntly, pafTe(s fuRicient jll1potrrialicf to ' 

be g uided by no other objeft dl:ln the invdl:is-atian ofrmeh'. 

The general . conclufion from the whole th;t 1 have faid, i!, tha[ the · 
fyfi.em of narrow Canals is llfcful ·in various inHancts, particularly for mi- . 
ncrals aad aU heavy articles noc liable to damage from water, ann much 

cheaper in particular firuatioos, · where the declivity of the country ru(fJ te­

guln.r1y l r:'lnfverfe to the gcnl!ral line of the ·navigation, and the (alIi: are 

ga':: t; bur, that for gt'"l1tr:\J purpoft's, and with tht: ufual circwnftances 
th ~ough which Jines of Navigation .TU!), the difference of expence between 
the I WI) fyfh:ms is lefs [han might be imagined, and frequently !porc than 

• 
countcrbll:;.llccd by the difference of conveniences; :lIfo, that Mr. Ful.ron's 

boats are tOO O:lfrow , even for the cilrri:lge of coals. in bulk, [0 the quan-, 

tity they ought to ca rry, and draw [00 much water to ,Woduce the raving . 
of occupation bridgt's, and chat with the increafe of width and mher alter­

ations H.-commended to fav~ occupation bridges, and to prevent the boats 

from ovcrtufIling, they would niH req\Jirc, cOlnpared with other boat~, ..t 

greater 
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greater power of harre; to move any g~t'n tonnage with fpeed, filincictt( . . 
to keep them from driving afhore with a lJde wind :-that they would 
not carr;, any due proportion of light or bulky articles :-:md that .lny 
~hing iiJblc co be pilfered or d:tmaged by water, would not be conveyed 
with equal fafery: that the boats when travtlling f:lr upon bnd, as fome­

times would be requitice wi eh coals, lime, &c. would be liable to become 
very leaky: and that, in thefe inlb"nc("s, ' it ,wuul<t br; better to ('onvey 
thore articles in waggon.s to be carried in boats for the purpoft; ;md [0 

fubfErute, in pbce of the narrow Canal, a fhallow one a little broader :­
that l\'fr. fulton's boats of 2.0 feet It:ngth, rt:fiing only on ( Wi') tranf,·rrli.: 
axes, would b~ liable to ftrain and become lebky, in thf~ paIfagt! up and 
down the inclined plane, ;·-that this ci rcumftance only admits of rcmetly 

from another inconveni~nce ; th at of being ITIw:h flwner, and the more of 

them reguifitc to be coupled together to carry :my given tonnage :--that, 
therefore, it will fre'luemly be berra to lay afide the advantage of wheeb 

affixed to the boars, and to foUow thc Dungannon and Coal brook D;tle 

fyftem Qf floating the VCJfd. over fl:rongly fram ed carriages, on which 

they will refl even acid free (rom ftra ins, and may, by the means r..lcfcribed~ 

h¢ ~r much g reater dimcnfions than any that are now uled on incJined 
'planes :-thac great -Canab with Locks, and (matI Canals with inclined 

planes m"ay be made, wherever rcquifire. from fcarcity of water or other 

c:tuft's, , to coincide with each othe r, provided the great Canals be laid out 

in as long levels, and as great intermediate defcenrs as conveniently p raL'li­

cable, occupying as thort a ij)ace 3.5 m~y be by che Locks; and t)ver­

,Jappi1lg [he levels. fo as to join tach other in fte ep places by inclined' 

planes. 

]n fine~ Canah have been. and mull: fiill continue to Ix, of dimenfions 

varied aCg<ltding to the form and fpccit:s of the boats ddigned to Il~"i­
gone cherr.. : which fhould diffc:r, fo as to coinciJc wi th the circumn;mces of 

the country paffed through; che nature of its commerce and produB:s; 

and the Canal's, and Rivers, or Lakes, thac !nuft evenrua.Hy be o;tvigated 

by the fame vdfds. Thus no general (vfiem Cln be adopted, and nothing 

'extenfive can be determined on with propriety, without the aid of great C'X­

perience and abilities. 
N. APl'EN· 



A P P E 'N D I X. 

Ex/raC/, from " .If Report on lhe Impro'l),mm/ '!/ Ib, Harbour 0/ .lfiIi­
" low;- and ' the Prallicahility if a Navigation from tbcnct!, hy 1M 
fI Yale.s of the various Brarrches if tbe Ovoca." 

I SHAL~ now procted to the Interior Nav,igation, which, on aCCOunt' of 
the decliviry of the ground through whicl, the Canal tnuft pars, and a1fo the 
rapid afcent which has to be furmounted to go e ... cn a moderate dillance 
into the country, doc£ not favourably admit of being entirely carried on bV 
the ufual means. . 

The Reep face of the hills the Capal has to run along. , will, necdf:1rily, 
confine irs width. and produce a fimilar effeCt on the width and depth of 
the boa[s; which will, likewife, in a certain degree. be limiteci in length 
by the nect.llity of quick cur.ves round the points of the hills. 

Tlrtir dimenfions frccommend t'o be 7 feet width on tht gunwale, S feet 
at the bottom, 3 feet 6 depth, and 40 f«t ex[r~me .length: if properly 
built, chey ·wilJ carry upwards of 8 tons each, at :1 f~et draught of water, 

·a~d about 1 r tons at 2. feet 6. 

The:· 
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T he fiz(: nf Canal fu itable to tJ,em. (hO\llLl be i 9 fe~l on the water line 
Wh(": f l": the banks arc fleep. :Ul':1 in ravou~abl e ground. 2 t feet, to admit two 
laden boats to p3f~ i wherl":ver 'not fo, for any cpn[ider:tble extent, if- muff, at 
convenient dinanc!.":!., be made th:lt width (or the length of a couple of boats. 
'Vhete 1.( (~e[ wide • .1 feet 6 inches ~epth of waiu will be fufficiem j lmd 
where narro wer it Ihould be dcrpe r,; for, ~here\!'er the fdl:ion of [he Canal 
approaches nearly ft? low as oniy 3 [ 0 J of that of the 1?oatJ confiderabIe 
inconveniencies arire both from the increafed refinance ofthe boat, .and the 
Jamage to the banks from the COUnter c.urrcnt to fill up rhe lpact.": the boat 
leaves in ht'r rear. 

1n .the proportion mentioned of j to t , the increafed rrfirtance to any 
UfU.l1 ratc of going, will be nearly 2 i- . times what it would be "in open 
w:itct, as the boat mult move, 3 feet through the water for every 2 alof!g 
the Canal bank, and the councer current along the banlts will ru~ with half 
the rapidiry the bo;u gots along the land j from which may be conr.:eivc:d 
the tI:~ndt'ncy of narrow Canals to fill tip by the wafhing in 'of their banks, 
and that the tracking againft a moderate current in an open river, requir,es 
leE (orce than the moving in fueh a Canal, befides ,poifeffing the advamage 
of (avouring the boa ts in going downward. Thde-cirt:umlhnccs I chiefly 
mcmion, becaufe the Navi,gation I fhal ~. recommend, will be a coniidc:rable 
difianc.c in the river. 

Thofe acquainted with the County of Wicklow, may reafonably objea. 
to the praCticabili ty of extending the Navigation far into tlie coun'try, on 
account of the vaft arcentJ which would be too expenfive to be overcome 
totllly by Locks; h\l[ 001 re8eCling that \he ftcep .nd winding face of the 
hills necdra~ily confine to the ufc of fmall boats. and that there: are lima. 
dons (or aC,ending a[ once 70 or 80 feet; or w~atevt'r heights.ma.r be ne· 
cetTar'y to penerrare into the countryJ the difficulty will vanifh i and it wiU 
be [Qund, lhat the means of dfea.ing this "",ork wiJI be fcar_cdy half a:i ·ex-

• Nw. uniformly (fl. bec.aufe It a dillance from the utremitic. ofany level. the wIner in 
front .will partly r«ede withoLlllifing to iu full oppDlition; and thaI in the leu, pardy 
,come i.e. to 6llllp the vacuity lrft by the boat. 

penfive 
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ptn{jve as the ufual methods of p;netrath1g fo far, and ::arcending furl! 

h\:ights in countries favourable for the cOnlmon,nyle ofNavig:uion. 

,PJrt of th e plan prO{lo(cc! is only applic:lblt: to moUnt:l inOllS countries. 

wh:ch enjoy this p~w!! ar 3~1 \'tmtagt", th:tt if rhe rife of Icvd bl! rr::aJc on a 

point dividing two rivtrs, til(: ali enr enables both 'I:.1Jkp to bt: n:lvit;!:l [cd. 

This ~n{)de of N avigJci on has its limits in pomi:..pf tiigibility • and, in gc-

Ilnal, where cxten(ivt , muft be ~ mixed ant. . 

. , 

Exlro£ls from a R('port on the Mrn{urt's to hr' ottmdrd to, in lbe' Survty 

of (l D~ne of Navigatioll , from Newcojllt'-upon-7Jll( to the Irijh 
C'bannei. 

N t!':omjl/f, 1795. 

TO make a Branch C:mal, to :md through the mining coumry, of timi­

lar nugni(llJe with lhat prnpofed (rolll fC'a to rea, would be utrcmdy ex­

penfivt::I$ well as unnecdf.try. 

On the fice of a mounr:linous. CQUlltrY1 whe-rc there arc fuddcn bC'n~s and 

~lir t le 1; )iI~ hoats, from rhe fira caure, ought not to be long ; and. from the 

thinnefs of fi lii and declivity of tJlt.' ground. tIl!: Can:ll would be rxpen(iv e 

to be (:irhn wide or ckep. Bridges "iouldalfo be coRly, not onl)' ('-:)1)1 the 

expcll l: , of their erection, but thl: difii culty of filling thl' ir appnmches on 

tile do~Ynward ,fide. I then·fort rccomm t.'nJ a Canal of only 3 fn' t 6 

, inches depth, and at every high and bye rOJd, that tlwrc be ;t paved ford 

of 2 fcct 9 inches ,\tpth, the downward fi de of tbc fiml to be an oynfiow. 
fa that the Wflca can !lcver rire mar,cri:tlly higher, :lIIU horli:s Olnd carriagt:. 

mdY at all ;imes rafely pafs. The" wideh and length of boats on tTl; '; 
Navigation, L would adviCe to be half of what rhq will be on [oe main 
Cinai; fo th.tt, if found more eligible than re _fh ipping their cargoes into 

"'the brge boats, four .of the (mall, ones m:l y proceed togerhn, :tnd pa,fs 
throuO'h [he Locks wtth the leaf\: waRe of w:mr [h.lt [he fepanve plans will o 

admit of. Tll':fc boats fhould be of the con:huCi.iun of [~C Birmingham 
trow .:, 
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trOWS (upright fided and ft3l.botlOmed), and w"-nlight, Ihould only draw 
6 inches water ;"":"'they wiU then, at j.2 (eet lcnll'th .md 6 feet width·, . 

• , 0 

carry J according to the (O{!ll of their ends, (rom 8 to .0 tons each, when 
ladtn to 1 feet 6 inches :-four of [hem, which may be navigated with one 
horfe and four boys t, will, 1.[ the lefT'e.r quanrief, cury 3'1 tons. Thefe 
boats fhould be conru::tled together in pairs, each hind onc, as in the Lin .. 
colnfhire Navigation, aain~:~ ~ ..-odder to the fore onc, in each of which, \ 
(r'om a fmall m.aI£ a light" track~llne may go to the fwingle.tr.ee ~f the 
horfe. 

In . defcending from tht line running through the lea.d country, which 
probably may he confiderably higher than the branch from the fummie of 
the main Canal, various plC:afurel may be adopted. either pa1fUl! the boan 
down inclined planes, a,s at CO,aJbrook Dale, or perpendicularly":t:. if the 

a.dvantage of a precipice can be obtained, in each c~fe a defcending boat 
drawing up an afccnding one, o~ by fimple means of difcbllrging the. car .. 

goes of dlC boats of one level into thofe of another. & 

But ifwater be to be had, Locke ofa rude and ea(y con£lruElion may, 

in that country I be executed at nearly as little cxpcnce as the inclined 
planes and requifite machinery, and Dot fa liable to accidents a'fid muma ... 
nagement (rom WlfkHful men. • 

So far as relatel to the (mall boats propofcd to go in fleets of four to­
gether, they win jointly cortfume the fame quantity of water in paffiog fc­

parUcly through one of thdr own fingle Locks, as they will by paffing col: 
leaed through one of [he large ones on the main trUnk • 

• If the declivity of the ,rol&lul &euld limit the mLin Caul to boau of fl feet width • 
• 

f A driver, two fturor., ud. one to rrwaage thctop..ropa in pguno aLack. 

S Slcnilar in tlae IeawDJ &:atura to tM plaa ~7 !aneW by Dr. Jame. Ander-'*' in OM' gf Ail Luc PubliQUooA f 
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