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MINUTES if a COMMITTn if, the BOARD qfA(}RICULTURE, hDldm 

FRIDAY, MARCH 4/h, 1796. 
. 'TH) S Commitp:c havlng taken into confideration ille reference 

'concerning Mr~ Fulton's invention, al)l having e~nllned 
the Model of .his Machines for improving I{land Na';gation, by 
Inclined Planes' and various other apparatus J are of oRinion: 

That the invention i. deferving the attention of thofe who are 
o ~ngaged in the buJinefs of forming Inland N~xigations. , 

Tho above Refolution was afterward. confirmed bf the Board of 
,Agriculture, at its mecting on the Sill of March' following. 

JOHN SINCLA IR, ·Prefident . 
• 

j • 
• 

. 
'1'0. THE BOARD OF AGRICULTURE. 

My LORDS AND GE~TLEMENI 

• 
WUEN a fubjea i. firft brought forward, which has the ap-

pearance of nQvelty, however found and rational the principle 
may -.be on which it refts, yet it is wiill much difficulty the pre
judice in favour of .ftablHhed praCtice can be removed. The 
fI'~l1ent failure of new defign. alfo ltrengthens the argument. of 
oppoution, and fecms to jufrify illofe who are ¥P9fed to perfift 
to e--"'habits oEilleiI' .nceftors. 
l 

On the oth.,. fide, warm 'magination is the ufual companion 
of·thofe b)l whom any new plan i~ formed; hence it ~omes ne

eelfary 
• 
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ceffary that cool, deliberate,· and netrating men /honld analyze 
th~ ideas, ~d preferve fuch "" are of intrinf\c worth ~d util·ty. 
Fo~ this purpofe T have a l?articular plearure in .placiug fbi. 
lowing E'ges before the fcrutinizing ey<> of the Board of Agricul
ture; in which I have no doubt but there are numerous errors, 
which pa~ality to a favourite purfwt.has prevented me fro!" per. 
ceiving: nor have '\ a wiOI ihat any part of this Work lhoUld 
!l)eet,wilb favour, u\.lef. it can Il:and the telt of the ftrit!elt 41-
qUllJ', and be fu ppOl~ed by reafon. ' 

. . 
To reduce the expence of canals, and extend the benefit of eary 

conveyance into every diltrit!, whatever natural obftaclef may • prefent themfelves, is certaiUly an impqrtant confideration l but. 
if I have not been fo fortunate as to point out the method, then; 
undoubtedly is one among t . ite materials in the repofitory 
of Gellius which. will be brought into light by energy and in-" 
ve£l:igation. l/hall tllerefore feel hallPY, /hould tlus Wo!J< prove 
a 11imulus to induce ingenious 11 to direCt their attention and 
talents to further improvement . . 

With the 'moll: lincere 
nourable Board has _been 
[ubjet! of fmall canals 
r remain, 

thanks for the mearnr. which the ho
eared to take, in order to bring he. 
tlle telt pf difcuffion and experience, , 

My Lords aJld Gentlemen, 

W.,ith the utmolt gratitude and re[pelt, 
~ 

Your 6beaient and very humble fervant, 
, 

ROBERT FUL'X'ON. 



'l'0 MESSRS. JESOP, WHITWORTH, OUTRAM, MILN, 
AND RENNIE . 

• GENTLEMJ!:N) .. 

IN fome ob!l:rvations on the utility of r1.1l canals, w hich ~ 
printed in the Star of July the 30th, '795, and in which I called 
on you 'to ftate your objeaions to the fyfteJi1, the Prmter, by 
. m~ake, having plaeed the ",ords, 'Whofe 11I",it, I ¢mn, immedi
ately :fter l\;1r. Whitwort!i·s name, inftead of infetting it after 
tlle names were repeated, it might-appear that Me1frs. Outram) 
Milii, and Rennie, were excluded from that ref pea which rever 
~ Liar men of fcience. I therefore ' take this opportunity to ex
p . in the error, in or<\er to rectify anf bad impreJlion which it 
might <lec.lion l and I hope this will he deemed a fufficient 
apology. 

At the (arne time I think it perfectly cOllI~nant to the nature 
ofthi' :Wode, again to call on you, together with Mem-s. Telford, 

. Oocklhot, Chapman, and Benet, to deliberately weigh the follow
in pages on fmall canals) and favour me ' with your opinion, 

• or tr.inJinlt it to the public, in order that they may be put in the 
pofl'effion of the arguments for and againft the (yftem. In dus 

. . re<J".!'fi I copccive myfelf perfectly juftiJied: Firft, Becaufe the 
ilnprovem~n.t <>f canal. is of pational importanoe ; fecond, it js . 
th duty of every man engaged il). public works, to inverugate 
etery p an wHiGh ~as the aPFanee o. facilitating fuch works l 
third, many ufeful WOlks remain unnotice<j, for ages, for want of 

7 • ' immediate 

" . 
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immediate confideration; fuurth" by the difcu1lion I propofe, the 
"f.rul or imperfeCt parts will be more imlnediatcly exhibited, and 
tbe miJilpplication of the olci mode wiU be deteCted: hoping that 
this fyf\em, t. its t;dent, will meet the moft candid and Ji!J<:raJ in
vell:igation, aBd be deliberately bonftderetl and compared With the 

• old praaice for the various canals in contem \arion, "r whid>' 
l'Il'!y hereafter be' ~nftruaed, ' , 

I remain, with all poOib!e rerpea, 

Gentlemen, 

Your molt obedient, 

ROBERT FULTON • • 

und •• , March I, '796, 
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THE fear of meeting the oppofition of eory, or the 
.!l' illiberality of ignoran~e, is, no tIoubt, the ,frequent 

caute of preventing many ingenious men ufilcring opinions 
into the world, whicb may deviate from th common 

• pra<!tice. Hence, for want of energy, the young idea is 
thackeled with timidity, and a ufeful thought is buried in 
the irppenetrabl gloom of eternal oblivion. 

• 

But if we confider for a moment, how much men are the 
fons of habit, we thall find, that almoil: the whole ' opera
tions of fociety are the Rroduce of accident, and a com
bination of events; rendered familiar by cuil:om, and inter
",oven into the fenfes by time; info,much, that it is mere 
chance if the' ideas are awakened to a fenfe of .\'articular 
errors. But in fuch cafe it is fortunate, when theyarife in 

. . 
a mind a<!tive to in1(eftigate, a}ld whiCh feels only contented 
'to reil: on the bafts of reafon; for with" It this, man muil: .. 
evet remain in a fixed point, and improvement will be at 

an end: '!he adventurer moil: therefore arm himfelf \vitll 
b • forti-
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fortjtude to meet the attaoks of illibe,ality anel prejudice, 
determined to yield to nothing bm fuperior reafon; refting 
aifured, that every virtuous mind will commend an exertion 
to remove the ruobiih from around the Temple of Tnlth, 
.even 1hould the u~ertaking {!IiI. 

There is alfo frequently a fecret pride which urges many 
to conceal their fpeculative enquiries, rather then meet cri
ticifrn, or no be thought tlle firft in meir favourite purfuit; 
ever anxious to claim the merit of invention, they ca~not 

• • 
brook the idea of having their works diifeCted, and the 
minute parts attributed to the geni~ of other men. But in 
mechanics, I conceive, we ihouJd rather confider them ' • 
improvements thanlnventions, unlefs improvement may be . . 
called invention, as the component parts of ill ne,v machines 
may be faid to be old; but it is mat nice difcriminating 
judgment, whicll difcovers that a particular ammgement will 
produce a new and deftred elf~ ' that ftamps he merit. 
And mis may perhaps, with propriety, be called eith m
vention or improvement; whicll certainly exhibits mat the 
artill: has tha penetration whicll is ufually di$ med wim the 
term Genius. Therefore the mechanic iliould fit down 
among levers, fc:"ews, wedges, ,,'heels, &c. like a poet among 
the letter.; of the alphabet, 'confidering them as tlle ex-

• 
hil>ition of his thoughts; in whicll a new arrangement 
tranfmits a new idea to the world. • 

• . . It 
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It is for want of this di{i:rimllation, that many a worthy . . 
man, of eafy demeanor, is tormented by the criti~ifm 
of ignorant infignificance; for men of the Jeaft genius are 
ever the firll: to nepreciate, and the Jaft to commend; and, 
for an obvious rcafon, they have not fenfe to know the pro
duce of genius when they fee it: But," 

• • • 

• 

• 

.. Men of true atlliQt ,low with lib· ... l {pirie. 

And bied a aarlaDd round !.he buft ru: merie; 

Whl1,~khead" 'Ioid of "lfdom', Knecflll light .... 

Bury dUlirll!lion in cttrQal ni,ht." 
MO .... UI .AD • 

. INTRO-
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INTRODUCTION. 

,. 

• 
• 

• 

ON penlfing a paper dercriptive of a canal projeCted by 
the Earl of Stanhope, in 1793, where' many !liffienlties 

. reem to arife, my thoughts were firfi ' awakened to this 
fubjoCt . 

• 
The canal was ultcnded for the purpofe of conveying fea 

fand, as a manure, from Bude Haven, in Connvall, to the 
'high grounds near Houlfworthy and Hatherleigl:\, in Devon-
1hire: on which the difference between the fummit and 

• lower levels was npwards of five hundred feet, and wate.r ex-
tremely·fcarce. Thus the difparity in the lev~ls, and fcarcity 
of water, which would reHuire numerous and expen/ive re
fervoirs, baniihed every hope of a canal on the lock principle 
paying the.fubfcribers. • 

Bnt to accomplifh the work, it was propofed by his Lord
fuip to form the ponds of canal at convenient difiances, and 
unite them by iron rail-roads of a gradual and eafy afcent, on 

- which boats of two tons were to be ufed ; {ueh boats navi
~ating to the firfi rail-road each was to be fufpended be
tween a pair of wheels about fuc feet diameter, and conveyed 
by a horfe to .he next afcending level; then navigate to the 
fucceeding rail-way, proceeding thus till the furomit was 
attained • 

• 
7 In 
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. 
Vi a country with· little water: and fo great a difpatity be

tween the levels, a\ld where <;oals coulc.l not be obtained to 
work fteam-engincs, Cuch a plan was certainly a goOd me
dium betWeejl na";gation and cartage; but as the whole trade 

i was to go up tb,e COUlltry. 1 was aftoniihcd to find, by cal, 
culation, that the '~\Orfes to perform the eftiOlated four hun
dred tons pertlay, ,~ould amount to 7,0001. per annum on the 
rail-roads on! y. 

Seeing theCe difficulties, and the llcceffity of an eafy com-
munication wi hilly colmtries, I was imprc/fed witlf the 

I importance of an apparatus, which might transfer boa~s and 
I their cargoes, to and from the different levels; independent 

: ~~~~:;~~:'~~rf::"and of water, or rail-roads and their. 

! To produce fncb a macbi.nc, the firft thing that 'occur
I red to my imagination, was a water-whe~1, to be put in 
i motion by water from the upper level; and, by that means, 
raife. the beat on an inclined plane. But in great afcents, 

I J found the wheel dellroy mo,re" water t:h.iIn ~o"ks; I then 
thought of a preponderating ciftern of water, and was fo 
certain of obtaining the pOlVer by that means, that I im
mer\iately conceived J had accompliihed the machine; and 

, having rome communication with his Lordilup, Oft tbe 
ptqElicability if ,/avigatiflg vtjftls 6yjleam, I [em him a 1ketch • 
of my plan: his Lordfhip, in anfwer, Was pleafed to <;om
plimeot me on the thought; b~lt at the fame ti infQrIXled 
me, it was the fame as defcrilJe<l by Mr. Edmunc;l Leec4, 
about fixtccn years fince. Here, for the firll time, ,.J (lif
COVCl'ed that the idea. of a preponderating body 'of ater, 

was 
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, 

was by no means new. Bul, on' invell:igatiog Mr, Leech's 
work, 1 fu\U1d, that although our ideas of the cift~m were 
nearly fimilar, yet we were far dillnnt from the point to be 
attained; each uGng'it on an inclined plane, without any 
certain mode of getting the boat in "Ild O)lt of the upper 
canal. I then changed the cillem from th incline/1 plal)e, to 
a perpendicular defcent; becaufe, in a perpendicular, 'the 
defcending body aCts with a force equal to its whole weight, 
jri8ioll'excepled; while, on the plane, its defccnding force is 
' loll: in proportion to the angle; after which, my whole dif
ficult~ has been to get the boats in and out of the upper 
canal, ·with certainty, eafe, and expedition, [0 as to preferve 
a regular movement, and avoid much wear on the 
works, , 

To efF.Ct this, I have tried various experiments, and ulti-, 
mately determined on the four modes defcribed by the 
annexed Plates, each of which works with great certainty 
and eafe, varyillg from double 10 jingle maalitnet; and have at 
leall: efrablilhed the.praCticability of pailing boats to and from 
the c1iffurent ponds of canals; iJ,ldependent oflocks, rail-roads, 

, or iteam-engines, 

i-Javing accomplHhed a mode of palIing the difparity of 
. tbe levels, the next important con{ideration in reducing the 
'expcnce of canals, was to croll; rivers, or deep and wide vlll
leys, without aqueduCts. The following Plates will a!fo ex
hibit the cheap mode by which this part of the work may be 
perfurmed; anel the reader will judge of the facility with 
which it may be executed, 

There . , 
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' 1hefe points being gahied, there is no doubt but much 
room is left for improvement, and that will be progrcffive as 
in all other machines: but the refult of my experiments I 
now lay before the ,Public; where, I hope, they will meet 
with a candid inveftigation, ane! the\ltility of (mall canals b~ 
deliberat~Jy conlid,red, I 

• 
A TREA-
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• 

TREATI'SE 
ON THE IMPAOVEM ENT OF 

• 
CAN A L N A V I G A :r ION . 

• 
C HAP. 1. 

• 

OF THE ORIGIN" AND PROGRESSIVE IMPROVEMENT OF CANALS. 

I N contemplating the infinite operations of Art, and refleaing 
on their progreffive improvement, it is an inexhaufDble fund 

of runufement to trace them back to the time when genju5 

called forth the mental powers of our fpecies! and conducted hu
manity from the wilds ?f favage life to the cultivated plains of 
fcience and refinement. 

• 
Ever anxious to diffipate the cloud which intercepts onf view of 

-remote times, we endeavour to difcover the origin of the fubjeCl:s 
we inveftigate, and to trace them through their various meandrings j 

pleafed, if.we lind improvement cheer the way, and indufuy diffufc 
her bldings through focicty. 

• B Sucl, 
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Such deliberations have a llappy. tendency, by exhibiting our 
Gomparative fituation with that of former ages, to teach us the 
abfurdity of prefuming on prefent perfection, or of fixing a bOlln- ' 
dary to any purfuit; they cont.ribute to obliterate the prejudices 
reCutting from eftabliOlcd cufiom; and to open an unbounded 
field of the moft lux~riant foil, gratefully productive to the hand ' 
of cultivation, and ri~hly rewarding the toil of the labourer.' 

For this purpofe, I conceive i~ will not be uninterefting tu take 
fome notice of the infant operation ofcanats, and of their progrefs 
from Eaftern to Wcftcrn climes; in which, we Ihall find, (heir 
importance did not efcape the obfcrvation pf fome of the e:lrlf im
provers of fociety. 

From the ,beft hiftoric.l accounts it appears, that in the Medi
terraneao rca navigation originated and ftourilhed. that rca being the 
great-eft inlet in the known world, and without tides, cOnfequentIy 
ft.JIdom excclIivcly agitated j alfo, containing numerous iOands, and 
!hores within flght of each other, it was particularly favourable to 
the YOWlg adventurer. Time, with fuch advantages, having im
proved the navigator in knowledge, and the furrounding countries 
in cultivation, the mind began to feek, in ftreams of aJ"tificial di-

. rection, thofe convernenCles it had enjoyed on the watry expaure 
of nature. 

The firft enterptize of this kind, of which we have anyacconnt, 
is relate"!! by HE~ODOTUS, of the Cnidians, a people of Caria, in 
Afia ,\1";nor, who defigned to cut through the ifthmus which joins. 
that peninfula to the continent; but who were fo fuperftitious as' 
to relinquifh the undertaking becaufe of an interdicu.on by an 
oracle. ~ 

• ;Jt 
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It was alfo a favow;te prdjea with both the Greeks and .Ro-
mans, to cut a canal through the lfthmus- of Corinth; and open a 
communication between the Archipelago and the Ionian Sea j to 
ac~omplinl which, D EMETRIU S, JULIU !> ClESA R, C ALIGULA, and 

. NERO. made numerous, but unfllccefsful, attempts . 
• 

The important junC\'ion of the Mediterranean and the Red Sea, 
hy a canal t\1rough the Ifthmus of Suez, has at various· times oc
cupied the attclltioll of leveral kings of Egypt; PHARAO H NEe no 
attempted a canal from the Nile to the }!ed Sea, and J 20,000 men 
perinled in the attempt. In this great undertaking, it is alfo raid, 
that,· in after ages, SO LIMAN II. Emperor of the Turks, employed 
50,000 me.n; and that the work was completed under the caliphate 
·of OMAR; btlt afterwards was fo entirely choked up by the fhift-

• ing fands, and loofe foil, as entirely to obliterate.their immenfe 
labours . 

• 

As it has bee.n frequently quef1:ioned in Europe. whether fuch a 
canal was practicable, in order to open a route to fndia nearer 
than that by the Cape of Good Hope. I Chall beg leave to quote 
Mr. VOLNEY. who made it "a part of his enquiry during a refi
dence at-Cairo and Suez in j 782; and who. having a juft fenfe of 
tile fubjea. exhibits the impraCticability of confl:ruaing a per
manent canal ;-for the following reafons : 

" Fitjl, It ;. certaillly true •. that the fpace which feparates the 
two [eas is not more than 18 or J 9 ordinary leagues j it is true, 

. ilio, that this 'interval is not interfeEted by mountains.i and "that 
from the tops of the terraces at Suez we cannot difcover with any 
telefcopes.a fmgle obftacle on the naked and barren plain to the 
North Weft; it is not, therefore. the difference of levels which 

B .. prevents 
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prev~nts the junCtion ": but' ,.the great difficulty arifes from the 
nature of the correfponding coafts of the Mediterranean and the 
Red Sea, which are of a low and fandy foil; where the waters 
form lakes, {hoals, and moraffes, fo that veffels cannot approach 
within a confiderable cliftance. It will, therefore, be found. 
lcarcely pomble to 'dig a permanent canal amid thefe lhifting 
fands; not to mention that the {heres are deft)tllte of harbours, 
which mufi be entirely the work of art. The country, befides, has 
not a drop of frelh water; and to fupply the inhabitants if mull: 

, oe l1rought as far as fi'om the Nile, 
• • 

" The beft, and only, method, therefore of effecting this junc
tion, is, that which has been already fuccef,fully praCtifed at dif
ferent times j which is, by making the river itfelf the medium of 
communication, for which the ground is perfeCtly well calculated; 
for, Mount Mokattom fuddenly ~erminating in the latitude of ~airo, 
forms only a Jow, and femicircular, mound, round which is a con
tinued plain, from the banks of the Nile as far as the point of the 
Red Sea. The an.cients, who early underftaad the advantage ta be 
derived from tlll . fituatioll, adopted the idea of joining the two feas 
by a canal, cannetted with the river." STRADO, lib. 17, obferves, 
"that this tirl} was executed under SESOSTRlS, who reigned about 
the time of the Trojan war; and the work was fo confid.erable, as 
to occafion it to be remarked, that it was a hundred cubits ,( or J 70 
feet) wide, and deep o;n ugh for large velfets," , 

, 

This work has been repeatedly choked up, and repeatedly re
paired, and 'fo fenJible were the ancient Egyptians of tl,e utility of ' 

.. The ancients were of opinion. that the Red Sea was ki,l-t,. ilian the level of the Me
diterranean. but. :ulmiuing this 1.0 be tbe cafe. it would be a trUling obfbcle fh the prUcnt' 
improved nate of mechanics, and knowledge of lotks. 

canals, 
, 
• 
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canals, that, according to HeRoDoTUS, SeSOSTRIS eauCed ruen 

• • 
numbers to be eonfuutted, that they fuperfeded the ufe of whe~le~ , 
catriages, which had been in praCtice till that time. Thofc works 
are now buried beneath the wreck of government; are over
)Vhclmed by drifting fands, and fediment depofited from the 
inundations of the Nile; infomuch that no m<V'k of their courfe is 
left. 

In times more modern, when Europe was but cmerg~ng from 
the gloom of Gothic barbarity, the aaive · genius of CHARLE

MA~E projected a plan of uniting the Rhine and the Danube, by 
a can~l , in order to open a commwucation between the ocean and 
the Black Sea j in this immenfe work he employed numerous ar
mies, but die extreme diiji.culties he had to enemmter, after il1-

' finite labour and expellee, obliged him to abandon the undertok-
mg. 

• 

Thus we fec, in various periods of rociety, the moll: vigorous 
exertions to open water communications between diftallt provinces .; 
which works w'ere ever under the particular gl.lidance of the moft 
eminent charaCters, and yrofecuted by ruch immenfe numbers of 
men that the labour is almo{\: incredible; but as mannal lalY>ur, 
unaided by mechanic ingenuity, is utterly inadequate to works of 

. this kind, their various failures muft be attributed to their igno
rance of the genuine principles of [dence. 

• 
The ancients were tot.ally unacquainted with locks, or any other 

mode of paffing ve1fels from one level, or pond of canal, to another j 

they, confequently, would be neceffitated to purfuethelevel of that 
part on wl\ieh they commenced, be that level what it might; and tl,is 

, in a mO'l'ltainous country would lead them into high grounds. It is 
alfo probable, they would attempt to navigate fueh veffels as tra-

: verfetl 
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verfed the ocean; while pe~fol"ating" rocks, or making tunnels for 
thefe veffels, would never intrude on their imagination. Such cir
cnmftances would confequently defeat every undertaking in all 
irregular country; it is therefore natural to conclude, that each 
Egyptian canal muft have prefervcd one level; particularly when 
wc confider, that L.ower Egypt (ill wbich they wereJormcd) lS a 
flat and uniform country. 

But although the Egyptians, Greeks, ::md Romans, were un
acqu:tlnted with anY'mode of paffing boats to, and from, diffe
rent levels of water j there is great rcaron to believe the Cltinefe 
have long been familiar witll an apparatus for this purpore. 'Their 
machine conflfts of an inclinccl plane, and a cradle to receive the 
boat; beneath the cradle are feveral roll~rs affing on gudgeons; 
into this tlle boat is floated, which fits it fo exactly as to give equal ' 
preffure on ail its parts.; the whole is then raired to the next level, 

• or pond of canal (or let down, as the cafe may be), by men at 
a capftan (otllers fay, byawaterwheel); but it is probable both 
modes are practiCed, according to the abundance, or the fcarcity, of 
water. The imperfect accounts of China, which have. reached 
Europe. leave us much in the dark os to the fpecific operation; 
and a European mechanic cannot conceive how the power obtamed 
by a capftan) or any other apparatus where manual exertion is the 
acting force, can be fufficiently quirk to accommodate a corL
fiderable trade, without incurring a prodigious expence by the 
number of men employed; as it would occupy at leaft thirty men 
dllring fifteen , miriures, to raife a boat of twenty tons to the height 
of ten feet; the boat, cradle, and cargo, fuppofed to equal tltirty · 
tOllS; al.1d a repetition of this operation, far inftance. fa often as is 
neceJfary to mOlfit a boat 200 feet. mull: not only be tedious but 
expenfive; yet all writers agne as to the magnificence of thefe 
canals, and their aftouilb.ing length : the canal from Canton to 

Pekin 
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• 
Pekin being 825 miles long, thtough,vhich an immenCe trade is ~on
duCied. _ Indeed, Co vigilant are the ChineCe over theCe works, that 
,they come under the immediate proteCtion of the executi"e power. 
and. in the in.ftructions given to governors of provinces, thefe ob
jects are recommended to their particular cafe. In conformity to 
this principle, the opinion wIDch the court farms of their conduCt 
is greatly influenced by the attention which they appear to have · 
paid to this part of their inftruEl:ions: this branch of the police is, 
confequently, well attended to; and their canals have the reputa
tion of being infinitely Cuperior to any thing' of the kind in Eu
rope: Hence, notwithftanding the great extent of the e mpire of 
Chinl , the vaft multitude of its inhabitants, and variety of its 
climate, the confequent productions of all parts are tranfported 
to, and from, the ctiffcrcnt provinces, with [nch facility as to open. 

• a home market fufficient to fupport extenftve manufu.erures. 

Machines, funilar to thoCe of the Chinefe, have been ereered in 
Flanders, on river navigations, where interrupted by fall s, or 
fuoal water; while ;mother mode adopted has been to erelt a d3m~ 
or wear, acrors the river below the fall, in whi~h was placed two 
fuong buttreffes of fione, with perpendicular grooves; afttr paffing 
the boat ~bove the buttrefs, a fuong gate was let down the grooves, 
which ftopped the water till it ro[e to a Cufficient height to enable 
the boat td pa[s; tlus apparatus, tedious in the proce[s, profuCe of 
water, and liable to injury from every flood, in all probability gave 
the fu.ft hint of locks. And this ingenious inve"tion opened a new 
[cene in .canal navigation, in oonfequenee of ti,e facility of paffing 
to ana from the different levels. Since which, numerous impor
tant works have been executed in the Nethedands, and in different 
parts of E,urope. 

Of 

, 
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Qf thefe, perhaps, the moO. confitlerable is the canal of Langue
doc; J mean, moft confiderablc, not only from its length, and nap 
tional importance ; but in confequence of the capacity requifite to 
the confifuCtion of it. -

It has in faa: bee" the model for aU canals down to the prefent 
. day ; in this work, locks, refervoirs, aqueducts. tunnels, and em

bankments, arc plainly exhibited; and the fyltem which has been 
pur flied fully eflablilhed. TIlls canal, which opens a communica
tion between the Mediterranean and the Bay of Bifcay. is J 92 
miles long; it commences with a re[ervoir 4000 paces in circlfmfe_ 
renee ; and is furniChed with 104 locks, each of S' feet rife. 'it was 
begun (in 1666) and finifhed under L OU I S XIV. by FR ANCIS 

RJQ.!1ET, in little more than thirteen years; the expenee amount-~ 

ing to llpwarrls of thirteen millions of iivres; which, at twenty- \ 
eight livl'es the mark of fU ver. the value of French money in the 
Jaft century, amounts to upwards of 900,000/. fterling. On<; finilh
ing this great work, the tolls were given to M. Rl(tyET, as a 
reward of ment, and an inducement to keep it in repair; and the 
emoluments have been fa important as to produce great eltates to 
dilftrcnt branches of that gentleman\; family: while, as a public 
work, it is unquellionably the noblelt monument of the monarch 
who patronized it. 

N or did there uteful works ercape the penetrating genius of the 
Czar PET ER duri~ his refidencc: in Holland.i who; immediately on • 
his return home, procured engineers, and coinmenced a canal to open 
a communication between Mofcow and Peterlburgh. It would bea 
veryextenfiv'e underta1cing to defcribe tlle numerous canals which 
had been formed in "various parts of Europe, previ.ous \0 their in., 
tJ'Odu8ion into this Uland: but though England was the laft to 

encourage • 
• • 
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. !(!Ilcourage canals. it is now tlte ma{\: aCtive in promoting thc,m ; 
tenacious of efbblifiled CufrODlS. Englin'D1Cn are difficult to fet 
in motion, but their fenfes being awakened to interefi: they arc 
diligent and perfevt:.ring. 

The lirft canal in England which deferv .. notice * was confrruCled 
by the Duke of BRIDGEWATER, and has not been completed 30 
years; during the procefs. fo unacquainted were the people with the 
ufe Df canals. and'fo p~udiced in favour of the old cllfrom of river 

. navigations, that the undertaking was deemed chimerical, and ruin 
was I'rediCled as the inevitable refult of hif'Gracc's labour; !tere 
tunnel!, aqueduCts, refcrvoirs, and embankments, familiar to fo
reign nations, fi:ruck the aftonifhed Eng1ilhman with wonder; the 
apparent expellee furpafIed all ca1culation of an adequate return .. 
particularly with a rival running by its fidet: yet it 'yas not long 
futilhed when the eyes of the people began to open; the Duke could 
work on"his canal when floods, or dry feafons, interrupted the na
vigation of the Merfey i this gave a certainty, and punCtuality, in 
the q.rriage of merchandize, and infured a preference to the canal; 
the emoluments arifing to the Duke were too evident to be mif
taken; and perfeverance having vanquifhed prejUdice. the lire of 
[peculation was lighted. lUld canals became the fubjeCl of general 
comr~rfation. 

But as local prejudices oppofed the Duke's canal. in the firfr in
.fiance, prejudice equaUy ftrong as firmly adhered to the principle 
·.on which it was conftruCled; lUld it was thought i~poffible to !cad 
·ope through ,a COtIDtry. or to work it to any.advantage, lIDlefs by . 
. • Th~ Romans made a fmtU Cill between the Nyne aDd Witham.. below Peterbora4gh, 
Jlurfuing one lcvt:1. without machinery or any Jifplayof mtcMDieal abili ty . 

• t Th~ river ).rf~rfe)' ruIU nearly P'lralle1 to the Dllkc'j; canal •. and. n~v iguts '\0 and from the 
{lime fOrI of Liverpool. 

• c locks 
" 
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loc}<s, and boats of at leaft ""~lty-five tons, till t!te gen.ius 
of Mr. WILLIAM R EYNOLDS, of Ketley, in Shropthire, ftepped 
from the ",eu!tomed path, eon!truCted the fi r!t inclined plane, and 
introduced boats of five tons *. This, like the Duke's Cllla4 was 
deemed a vifionary pr~ica, and partirularly by his Grace, who wa~ 
partial to locks ; ytt tlus is alfc introduced into praCtice, and will 
i11 many in!l:anccs fl,perccde lock canals . 

Thlls we find the majority of mell adherefuonglyto efhblifilCil 
cufl:oms ; and prejudice lhe common enemy of every new work. 
Senlible of the po~ of fueh an opponent, I Ihall feek aMianee 
in the inveftigation of truth; requeftj.ng thofewho take dfe trou
'ble to perufe thi, wOl'k, to abide by the teftirnony of common 
fen fe j to confider that, as fcience is progrefIivc, there is yet room 
to improve, . and that the infinite 'Variety of applications to whicN 
fcil'l1ce 15 competent, leaves ample opportunity for fllggeftions no 
le(s advantageous than t1lOfe which have already ftoed u,e teft of 
e>'''Pcrimcnt, and received the f.·maion of fucce(<; . 

• Mr. R " TNOLDS" m3.chine l' In ingeniou. combin:nioa of an inclined plane. and . 
lock. : tWO lodn being conll.rulledon the top oftkeplane. for the purpore of getring the beau 
in. Ilnd out of. thl: upper e:uu] ; and. although it u only c:llculated for a'rfw.1ilfl trade. fuch 
J,5 from colle~ie5. orlimt worp (i. 'WAhA (liftl 1[" !.allil Drml. "ifu./iV' ""ffiJlbtu 'Wbhh ;1 

, . )'.!) . yel by its opcr.uion {mall ~u h:lvr: betn inlroduced inlo praCt.ice; and for (uch m. 
trodaaion r.very liHure improver will feel inlinitdy indebted to Mr. R. Y NOL DI' however 
~re"lly hia cngiAe m~ 'I be iJlprovcd in conSlruB.ion or va.ricd in iu open.tioD . 

• • 
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OF THE IMPORTANCE OF CANAL NAYJQ ATI ONS, A ND TH Y. DENEFIT ::i 

A RI SING T O SOC IE·ty B\~ EA SY COM M UN ICAT ION ::;. 

A LTHOUGH the numerous canals whidl have been exC(."Uted 
within the lalt thirty years, have exhibited thei. utility to . . . 

fueh p.rfons as have refleCted on the [ubJeCt, yet I may venture to 
fay, that many fee their advantages in a limited view, while 
more than half the inhabitants of Englan~ arc totally ignorant of 
their importance, to every difhiCt through which they. pafs . 

• 
Like the government of China, the lcginaturc of every country 

fhould be particularly attentive to the reduCtion of the expence 
and delays of can'iagc, and to the formation of eafy communica
tions between different and diftant provinces; ru: agriculture and 
commerce will improve, and happinefs fpread, in proportion as 
.the facIlity of conveyance increafes. 

· In the early and limited nfI'ociations of fotiety, while men were 
kept afunder by forelts, moralfe" and inaeceffible hills, their know
ledge mull: have been circurnfcribed; and their. conveniencies few, 
T he rude implement' employed in mechanics and tillage, would 

. occm on much labour in proportion to the p:oduee, and though 01'

'!i(ans, either by defign or by accident, might greatly facilitate their 
work by a (uperior contrivance of irutruments, yet the difficulty 
of interrourf. wO\lld confine the knowledge of fuch adv:ltltages, and 

· • 
C. piefent 
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pre,:"nt the improvement extendingoto others who might equally 
require it; hence, in different diftrifrs, particular expedients might 
be uf~ in perfonning the various operations j yet, being praaifed in· 
a limited circle, e3ch community might remain ignorant of the 
other's advantage; :md thi"s fiatc of things in great meafure conti
nue!; In c,'cry country. but panicularly between diftant nations. 

The Chincfe, for infl:ancc, paffers many advantages of whiell" we 
arc ignorant; and they certainly are unacquainted with mnny of 
(HtTS: yet, was a free -communication betvveen the two countries efta
bliflwd, the particular improvements of each, in all probability, wbuld 
be combined to the benefit of both. But, even under the farne go
vernment, or in the fame province. it is fome time before n com
bination of knowledge can take place ; but in proportion as the 
wfficulty of cpmmunication is removed. the fpirit of enterprize in
crcafes, and neighbouring affociations begln to mingle, their habits 
and cnfioms affimilate, each tranfmits its improvements ·to the 
other, and each feel s the beneficial effcCts {'cfuIting from the union. 

This fyftcm of u1tercourfe, and benefit, would continue. to 
extend. as the difficulties which withheld, or ob!lruCl:ed, it wcre 
removed; and eventually fmall focieties would become a large and 
focial compaCt; bringing their various improvements into one com
mon !lock: a knowlrdge of mechanics would fJ~read> and great ... 
comforts would reiult from lefs labour. 

, 
An aClive man thus fituated> and feeling himfelf by this mean. 

in polfeffion of more than was ablOlutcly necefi:1ry for his fubfiJtence> 
would indulge his natural propcnfity to barter : eacb would wiib 
to difpofc of the furplus of hi, particular labour> in order to pur-, 
chafe a eorrion of the !abow· of others> which his necemties, Ot 

lu~ury> 

• • 
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luxury, might require; thu ~ tl.e fartpcr barters his furplus wit l\. 
the tradcfmen; the tradefinan his with the famler; the towns. 
exchange the work of their :Jrtifans for that of the cOllntry j 

the country its proollce for that of the,towns j the carpenter. thcfmith, 
;the weaver, the taylor, the tanner, the fhoemakcJ"~ the butcher, 
the brewer, occ. artifans, and profcffiollS of al~ kinds, have recipro
cal dem~nds on each other; for not oilly the clcg:mcics, but even. 
ncce£faries, of life. 

It is indeed curious to reAect how, by the refinement of art, and 
<.livi Hon of labour, the united exertions of lhouGmcis combine to 
prodl1cc thofe things which familiarity exhibits Q:, triflin3. yet. 
.bfolutely necelfary to the comforts of exirtencc. 

~ 

• II Obfervc," Jil)'s AD/\M SMITH, H the accommodation of the moll: 
common artificer or day-labourer in a civilized and tllriving coun
try; ahu you will perceive that the number of people of whofe 
induJtry a part, though but a fmall part, has been employed ill 
HJ."ocuring him this accommodation, exceeds all computation: the 
woollen. coat. for example, which covers the day-labourer. as coarfe 
and rough as it .may appear, . is the produce of the joint hbour of 
a great multitude of workmen j the fhepherd, the forter of ihr: 
wool, the wool-comber or carder, t1le dyer, the {ctibbIer, the fj)in .. 
ner, the weaver. the fuller, the drefier. with many others. mull all 
join their diff'et eut arts in order to complete even this homely pro
dwEDou. How many merchants and carriers, befides, mllfl: have 
been employed in tranfj>orting the materials from fome of thofo 
.workmen to others; who often live in a v.ery diftant part of the 
country? How much navigation a.nd commerce in parficul:1r; ho\'l 
many !hip-builders, iJors, fajl-makers, rope-makers, muft have 
been employed in order to Dring together tbe different drugs mad~ 

, ufe of by the dyer, which often comes from the !emotert comers of 
Ihe 

• 
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the world ? Wh't a variety of Iabou6s neceffary in order to produce 
the 'tools of the meaneft of thofe workmen? To' fay nothing of luch 
cOl11 l'lico,ed machines, a, the !hip of the failor, the mill of the ful
ler, or even the loom of the weaver, let us only confider wh:lt <l 

variety of labour is requifite in order to fom} that very fimple ma .. 
dliuc, the fl1t:ars with which the fuepherd clips the wool .. the miner, 
the buil,ler of the furnace for finelting the ore, the feller of the 
timber, -the burner of the charcoal to be made ure of in the fm~lt· 
ing-honfe, the forger, the fmith, muft all be joined in thei,' diffe
rent arts in order to produce them: were we to examine, in the fame 
manner, all the different parts of his drefs, and houfchold furniture, 
the coarre linen {hirt which he wears next his jkin, -the OlOes \vhich 
-covers his feet, the bed he lies Oil, and -all the different parts which 
compofe it, the kitchen grate in which he prepares his viEtuals, the 
coals which l)c m,ke, ure of for that purpafe, dug from the bowels 
of the earth, and brought to him perhaps by a long fea and a long 
land carriage, all the otl,er utenfils of his kitchell, nil the furniture 
of his table, the knives, the forks, the earthen 01" pewter plates, 
tlpon which he fcrves up and divides hi, viauals, the ditrercnt 
hands .employed in preparing his bread, and his beer, the .glafs 
window which lets in the light, and'keeps out the wind and rain .. 
with all the knowledge and art roquifite for I)reparing that beauti
ful and happy inventioJl, without which the northern parts of th.: 
world could fcaree haye -afforded a comfortable habitation, together 
with the tools of r.Jl the different workmen employed in producin~ 
thefe difft:rent coryvenienties; if we examine, I fay. all thefe things" 
amI confider what a variety of labour i, employed about each or 
them, we Ihall be fenfible that, without the .affiftance and co-opera
tion of many thoufands, the very meaneft perfon in a .civilized 
<ountry could not be provided, even according to ·what we may 
(.,JfeJy imagine, the ""(y and fimpk manner in which he i. com

,,"on~ accommodated: compared, 'indeetl, wi.th the more extrava-

gMt 
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gant luxury of the great, his. aecoQ'modation mull no douht ap
pear extremely fimpIc and cafy j and yet it may be true, perhaps, 
that the acC'ommodation of an European Prince docs not always 
fo much exceed that of an induftriol1s and frugal pt'afallt, as the 
~ccommodation of the Jatter exceeds that of 311 African king, the 
abfoJllte miller of the livcs and liLcltics of. tcn thol1fand naked 
ravages." 

Hen(e we fee convfni('ncjes, citt'cmcd U1 C moIl: trivial , are the pro
duce of redprocity; each has a vRTjety of wants whjch mUlt be [up
plied-by the labours of othe1"S; and for which he gives his labour, 
or th~produce of his lahonr, which is the fame thing. in cxch::mgc. 
An eafy communication with foreign nations, or the diflant parts of 
the fame countI)' . extends the market , and facilitates the transfer ;. 

·while the cafe of transfer ftimulates the aClive powers. to excrtion. 

Thu! an eary communication brings remote parts into m.:Jrcr 

alliance, combines the exertions of men, diltributes their labours 
through a varicty of channels, and fprtads wlth greater reg ularity 
the bleffings of life. 

Men in commercial intercourfe mingling with men, impercepti
bly lofe their local prejudices, and their cuftoms graduaUy affimi
late ; while people remote from each other, and dcititllte of cary 
communication, retain thofe prejudices, injmious to the mafs of 
fociety . 

Eafy oommunicarions to the different ,clift-rifts of a nation, alfo 
",rule,.. it more independent of its neighbours, byeolleCl:ing and 
bringing forth its intemal ro[ouree, ; wrueh eircumftanee mull h.ve 

greatlY' 
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gee,atly contributed, perhaps J13ve fl:onftituted, the entire iridepCl.l
,dence of Egypt, China, and India: it is 'worthy of obfervation, 
that, in thefe countries, where canals were mof\: in ufe, they 
new!' encouraged foreign commerce; but feern to have arrived at 
their great opulence by a home trade, circulated through th,eir ex;--
1cnfivc and numeruus navigations ~ indeed, if agriculture and its 
dependencies may be confidered as the ftamina of fociety. a well 
din:t1cd, and judicious, labourt would cafily produce the comforts 
(if notth, "'galle;es) of life: Egypt, though not fo extenfive as Eng
land, in fanner ages contained m,any millions of inhabitants, and. 
::IS it is before obferved, they ,did not draw their refOlll'Ce from'othcr 
countries; the produce of agriculture muft have been il11menfe, 
"nd the principal fupport of the great body of the people. We 
are taught to believe, they were fo attentive to this, that not 3n 
in'Ch of gro~nd was loft j the whole country being like a continued 
garden. This reems the more probable, when the peculiar advan
-tages of the country are confidered. 

Egypt is • firipc of land 550 mues in length; and 'in the greaten: 
width, from Alexandria to Dami(tt4, not more than 1:%5 miles j from 
thence it decreafes in width till it approaches Nubia; where ids con
'fined between two chains of mountains! 'and contracted to little more 
than twelve or fifteen miles in breadth: through the whole length. 
the Nile defcends to the Mediterranean Sea; it may therefore · be 
confidered as a rich valley well waterCd. As the country · is 8at, 
and of. an eafy ~ercent from one extreffiity to the other, it enabled 
till: Egyptians to cut canals from any level they thought proper; 
and to commence fo high as to continue the fame level to any deter
mined point; thore cuts, which anfwcred the double purpore .of 
re1,'ervoirs to retain the waters of the Nile, and of cahal. to .con-. . 

''Vcy 
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vey the various produce. were. fo nyrnerous as not only to touch 
at every town and village. but even at many of the farm houfcs i 

added to thefe extraordinary advantages of water carriage, nature 
performed a mort material work for the farmer. hy mingling 
:-vith the {heam the foil of AbyfTinia and Nubia, which being de
pofited as a fedirnent, and (pread over every iidd and corner of 
Egypt, by the overflowings of the Nile) formed a rich and fer
tilizing manure. 

We cannot conceive ~ more regular diftribution of the nutritious 
part;':les of earth, than was product:d by thefe inundations .: which 
not oAly enriched, but meliorated, the foil;. hence littk mOn: wa:s 
left for the diligence of the falmer titan to Cc)W his grain, :1.1111 

cover it with a harrow; thus the Egyytian obtained au abunclallt 
harveft with a moderate degree of labour. 

Herl! it is interefiing to take a comparative view of fuch a level 
country as Egypt. and one diverflfied by mountains. The nean:r 
a hilly country can approach, by art, to fuch an equal diftribu
tion of manure as the Nile effeCted, fo much nr.:arer it will bt: to 
the perfeCting of agriculture,. and the enjoyments of life ; it is. 
indeed, curious to confider the infinity of labour which the inunda
tions faved, and which confequently might have been direEtcd to 
ottIer works; the whole procefs of colleCting, preparing, and dcpo
flting the compoft on the grounds, was raved to, the Egyptian 
labourer, with numerous other preparations requilite to the 3gri
culture of an irregular coootry. 

But obferve the immenfe number of hands employed in [lich 
a country as England j in digging made, and foffile fand, in quar
rying lime.:..ftone, in mining for coal to burn the lime; and, in 
burning it) remark the engines, kilns. implements, and apparatus, 

D re uilitc 
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requiJite to facilitate thete o~ratiol'ls; from thence the labour ne
ceffary in their conveyance to the grounds, the wear of roads, wag
go"s, carts, hamefs, &c. &c. the wheel-wrights, fmiths, and other 
artifans employed in conftant repairs; alfc. the waggontrs. the 
carters, and, above all, the number of horfcs employed, each of 
which confumes the portion of manual labour which would fup
port a human being -; of the whole train of which the Egyptians 

• I conteive it a (air cakllLa~on, that each hoiCe confume. that prodlXc of manual lao 
bout whith would fubli!1: an i.ndividual i Particularly ira a populooJ cOlUltry, where evety 
lield pays rent. If their keep i. confidered th:oughout the kingdom, {rom thor~ h~.a\ly Ani· 
mals in broad-wh"l w-aggon., down to tbe pony, calallating the interell on the p';rch.afe. 
the cafualtiet, provender, .auend.ance. Iboem" war of tr.UDeU, .teo &c... it""ilt..-mOWlttO 
upwards of 2SI. per annum, which is more than h fpent 011 an .average by the labouring 
people. and their children; confeqllently, if improved .tonye1&nce an difpellfe with the 
horfe. 25I. in produce of m.anual' labou.r is faved ~ foc:iety, &I a ~ to other work.; 
which. thr04lghout England, woald be many millions per alUUltll~ con4deriPI that every 
{O,OOO hone. a.m'ou.nu to 1,000,0001. per annum in maintc'Dantt. . But thtfe beina: rendered 
ufeleCs by improved: fyilem, would produce an eary {upport to iO.ooo inhl1.bitant\-

It is enirnated. Wt. ill the agricultW't of lLnglud and. WJJ ••• o.t miDio. of hone. are 
employed, and if to theft are add.ed the cw:nbet'Gf aWl tOKa, j~ge "Mdt .. and poi c.haife 
horft'!, with tbofe of country and bye umcn, fromcollc:.rle., lim:e.work~ . iron worlta. &e. 
alfo thofe for the cQDveniencc of indivicil1&h, ia t.be eoviron. of IUllllfaallTing &.lid other 
towna, with the great II..Ilaber employed in ,Ih.c hl,l,vy &DO fly waUO'l1t, If" tr"'¥ I'" ~ 
<whid. IIIflJ 0' diJi6l1jui 'Wid" I tonceivc tbc .cuunbtt .. ill be Unle Jc6 tbaa two millions. ·whiea 
" ,ill amollnt ro the immenfe (101m of 50,000,0001. per annum in mau.ten:tnce: If fr~ thiJ 
1Iumber ;.I f hone., which may be conJidered ., arrien ( II#t to_lit;", Utt i_.jiIJ'ftln.fort 
-fl-), onc filth could be,di[penfed with; tAe UlIlUal Caving Wl'KlkI be 10,000,0001 •• (um. 
equal to the maine.nalKe of ",00,000 inhabitants. allowing zSl. co cadi per(oll, w1ich woWd 
tonfc:qucllt ly permit the hbouu of 400,000 men to be direltc:d to other improvelllCUti. 

Frornfou:.e m:entcaltulations prefcatOll the 8o&nl 01 AgriewlIlre. it appca,., that .. fum 
boric docs nOt con{wne more than three a(rel of the fruiu of the earth in a year,; but a 
~,(e k~pt on the road. eau yruly. ill hayaad com, the full produce of be attes; a JIl,Ul at 
a f""lIId of bread and a pound of meat per day, or in proportion. not qui&c an acre anel a 
....-.ncr i fo that one of thefe hor(u eau UIlUlCA u {gUt rncm : I coalequC1Iuy have Rated 
the faying by the redudioll of bod. at a very low compu.Pti.on. Which fiather esJaibita 
tb~ gftat importance of d.i.miu.iLhwg their 1l1Ullbu. 

w;ere 
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were relieved, and, being diCpenf;4 with, Caved Co much nouri~ment 
to the people. 

Deliberate on thef. circumftances, and the difparity is certainly 
great, whicb loudly calls for theexertion of mental faculties, and the 
iinprovement of mechanics. Here art Ihould i/femble all her en·· 
gin., to fupply the defeCt of lituation I man muft open the repoli
tones of nature j mix, with chymic fkill) the v,arious ingredients. 
and ftre.w them on his fields. Nature having diftributed her fructi
fying particle. in wild confufion I it is with them as with the culti
vatiOIl of man, to render them produCtive, they muft be brought 
into won; and this can only be accomplilhed by impruved con
veyance. In this operation, canals may be confidered like the 
loom. of the draper or holier; or thofe improved macbines, which, 
.-educing the labour, yet multiply the produce i and confequently 
render the neceffaries) and conveniencies) of life morc abundant : 
by bein~ more abundant they. are obtained by every member of 
fociety, within their circulatj(JIl, with greater eafe j the eafy. mearu of 
procuring 'the accomodstions of life increaf .. the population of a 
country, and population, creating a greater demand, proceeds to 
further improvement. Such hilve been the progreffive fteps of civi
Iization; and to which there appears no boundary ! 

CHAP. 
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C HAP III. 

ON THE FORMATION OF CANALS, AND THE MODE OF EXTEND-
• 

ING THEM INTO EVERY DlSTklCT. 

H AVING in fome degree exhibited the importance of" canals. 
the next confideration is to point out a mode of extend-

• ing their advantages. In this it muA: be evident, that they 
can only be advantageoufiy conftruaed through fuch diltriCls. as 
produce a trade equal to an intereft for the money advanced in their 
formation; and on this point the difficulty of extending canal 
communications feerns to depend: public roads, bridges, harbours; 
docks, and other works, admit of a variation, and may be con-, 
firuaed great and magnificent. or contraaed and cheap. in pro
portion to the trade, agriculture, or population of the country which 
they are to accommodate; but, according to the prerent fyftem • 
of conftruEting mnals, there is a certain point . to which they 
reom to defcend t. and below which they cannot be further con
traaed. The fum required for their confuuaion therefore mult 
be equal to the forming them of thofe dimentions; and the 
trade expeaed ::nult lie fuflicient to pay the interelt of the fum. 
or the country remain hopclefs of the conveniencies of water car
riage; unlefs a . canal be executed in the frenzy of fpeculation. 
which indeed is fometimes the cafe; and rather injures than pro
motes ruch works; for fubfcribel's being difappointed of the intcrelt 
with which they had flattered themfelves. are deterred from entering 

• By thi. J men thr. prevailing fyllem J there are but IWO canals yet cOlllil'\lfled on the 
ltlclined plane principle. tbu of Ketly. and the Sbrophlhin . . 

1 i' or navig:l.\ ing twenty_five or ~wenty ~on. boat .. 
.' 
mto 
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into fimilar undertakings. though of more rational adventure. The 
ill Cueccfs alfo fpreads like a contagion. and fickens the foul of en
terprize in others j yet the failure is perhaps not for want of mate
rials to be conveyed by the canal, but 'in confequence of the cxpence 
Qf getting at fuch materials. 

Had the ordinary engines of conveyance admitted of no diminu
tion below broad-wheel waggons. thofe waggons woultl, in every 
refpea, 'increafe the expence of ro~ds, and the carriage of the vari-

• OllS materials j and the country could not pofTibly he fo commo
diouiTy lupplied as by carts, or even cars. Or had that incom
parabh! apparatus, the fteam engine, been con~ed to a two-hundred 
horfc power, the innumerable advantages arifing from proportion
ing: its powers down to any degree. which fits it to every fituation. 
'=ould never have been experienced, and the engine itf~lf would be 
uf very little ufo. 

A fimiJar power of proportioning a canal to the particular de
mand of carriage upon it, in like manner, would be attended with 
benefits which at prefent are not even thought of j but canals arc 
the only things, which] can at prcfcnt recolleCt, which feelil to be 
fixed to a certain point; in tIns refpeCt, confequently, they are limi
ted i!1 their extenfion. imperfea in their principle, and incapablt: 
of ,effectually fpreadillg the bleffings of water cornmwl.icatlolls by 
their prefent mode of conftruaion, to prove this afiertion it i ~ 

only neceffary, for a moment. to confider the operation of a 
lock. . 

On viewing the operation of locks. it appears that if they werc 
confiruCled for fmall boats, JuPp'!' boat, 'if [ollr wnJ, the dday ~ll 
paRing would be fo great that an important trade could not be 
~ranfaCled, as it requires almolt as much time to pafs a frnall 

as 
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as a larger bolt; for inftane" all d'man arriving with fix fow·--ton 
boats (equal to whal is uJuaiy convryed in a boat of Iwtnty-jivt Ions) 
at a lock conllructed for /inall boats. he would be obliged to fepa
rate them. and pafs them lingly; which would be an operation of 
three minutes at leaft to each boat. together with the time necetfary 
for uniting them when patfed through. fay four minutes. ·amount
ing in all to twenty-foUl' minutes; a repetition of this operation. 
to mount only one hundred feet by twelve locks. would be a delay 
of four hours forty-eight minutes: this would not only be <tedious, 
but create confufion wherever there were a number of boats paffing~ 
even if palling the fame way. How this would be increafed b1 thofe 
moving the contrary way. may eaJily be conceived. Vet the twcnty
five ton boat would ;"ove through the fir/l: lock in live minutes. at 
the utmoll. and paffirig through the fucceeding eleVen locks with the 
fame cxpedi!ion. woula rife to the fummit level in one hour·: hence 
the twenty-five ton boat will have an advantage in time of three 
hours forty-eight minutes. This calculation. I hope. will fuffici
tntly prove the impropriety of conftruCting locks for fmall boats; 
hence fmall and cheap canals cannot be formed on the lock princi
pie, locks demand large boats. that an important trade may b6 per
formed; and large boats are the .aufe of increaling the expence 
of all the other parts of the canal; in tunnels. bridges. aqueducts, 
land. refervoirs, digging. &C. &c. which evidently exclude every 
difuict which cannot fupport thefe heavy expenees. and precl!lde 
cvery hope of giving to agriculture and commerce the full force of 
fo powerful an ~gent as water conveyance. 

, .~ 

But as the true criterion. for judging of all improvCII\ents, wbe" 
lhe .b),a is 10 inertafi lbe pro""'t of """or. is the ch"1'pne(s with which 
the work may be perfurmed; that mode whi<:h.w1n convey the moll 
goods for the leaft money will confequently ·be the beft; whether by 
roads. railways, large or finaII canal •• Dr any oiher mode. It i, 

the140re 
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therefore nece{fary impartially lind deliberately to invefrigate this 
fubJeC!:. 

FIRST, In proportion as a canal is large the oxpcnce on all jts 
Filrts will increafe: tunnels, locks, refervoirs, -aqucduth. bridges, 
land, and digging, are ufually allowed to be one'third more expence 
in a canal for forty-ton boats, than in thofe conftruCled for boats 
of twenty-five tons; twenty-five ton boats, 31fo, require a cana; of 
greater tiirnenfions than boats of four tons: in a word, it is evi
-dent that the expence of a canal will decreafe, in proportion as the 
boats 'are reduced; the objelt therefore is to find the prop<'x me
dium. 

The boat fhould he of fuch a flze as not to exclude any but un
.,fual articles; for tlu. purpafe I conceive a boat of four tons fuffi
ciently large; being twenty Ceet long, four wide, and two feet ten 
inches deep; fuch a boat, heing larger than the chell: of a wag
gon, will contain a!moll: every tlung but long timher', one horfe 
conveying ten boats. 

Such boats will contain limt, 'lime-frone, coals, lead, iron ore, 
grain, flour, iron ware, pottery, and all bodies ponderous and com
paCt, as well as boats of any fiu whatever; they will contain 
hogiheads, boxes, and bale goods, not exceeding four feet in width, 
which 4r( flldoln if grtater dimtnjions; each boat will receive fifteen 
fack. of hops, cotton, or wool; and although the fifteen facks 
• • will not weigh four tons, yet the fame circumfi"ance is attendant 
on all other boat., it being impaUible to give the weight of tonnage 

• Per tiabe-r] have Dll cie. provilioD (fee the Dtfcription of the double.inclined Pbne, and 
Plate of PiltJ)i plazakl, and ~U fuoding' IIndtr twenty reet, will 10 into the boat~. 

by 
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by fllch materials : yet a hori£ may~ake the greater number of l'03ts, 
in order to make up a weight equal to his fuength . 

Confidering the 3rticles enumerated, and deliberating on the fizc, 
and weight, of other commoPities, I conceive there are few things 
excluded; and the l{ueilion is, Whether a company fl lOUld expend 
one hundred thoufand pounds inftead of fifty thoufand 1 Thereby 
{inking two thoufand five hundred pounds per ann'um, in order to 
accommodate the few things which boats of thefe dimenfions can
Dot contain, when, in all probability, the iU'tic1es accommodated 
would not in tonnage produce J 001. per annum. 

Thus feeing that molt things may be conveyed in fmall boats, 
and {mall boats diminifu the expenee of canals; the next thing 
to be confi.dcred is how to pais them to, and from, the differerf( 
levels, or ponds, of which. the canals conlift. To perform this, 
fee the annexed Plates of Machines. But firft give me" leave to 
premife the objects in view : 

The jirJI object is, to conftruct fuch cheap nayigations as may 
extend into dillriCts w~i~h produ<.'\: but a fmall trade : to perform 
this, I find it indifpenfab1y neeeoary to reduce the boats to fmaIl 
dimenfions. 

The freolld ol~eEt is, as the trade may increafc, and become of 
confcquence, i\ is prudent to provide againft fuch an event, as i~ 
will thtn be n<ceJTary to perform an important trade on a (mall and 
cheap canal. For this purpofe; if we refleCt that the boats may 
be multiplied as the trade increafes, and that the canal may he 
full of fuch boats from one extremity to the other;. confequent
Iy the canal, and boats, are adequate to any quantity of trade 
which th" molt fanguine imagination can conceive. 

But 
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But. the principal conficlcrat1on i!\, how to prevent ftagnation 

at the machinery j hence it becomes neccfIary to conftruEt the 
apparatus in f uch a manner that the boats may pafs with the gl'cat
eft pomble expedition j and this quick tran s :~r is the more ncce!ElI),. 
i.n confequence of dividing the trade into finall portions of fow· tons. 
each of which mufl paCs Ceparate. Succe(, ill t},cfc objeCts will con
feque:ntly produce fyll:cm j fOf, as tile canal. though fmail, and 
fuited to a fm;!)1 trade, is :lIfo adcqll3tc to :l trade of the Ii rft impor
tance, .it will be impolitic to form any other than cheap .1l1d [mall 

, navigations j hence the hoats of onc may navi!;att: tht; other, 
whert:vcr canals extend. 

A tbird object is, by forming them cheap, and fuitcd to dill:ricb. 
with a fmall trade. it ... ; Ill be the greatct1: poffiblc induc.:cmcnt to 

"conftruEl: them. The fubfcribcr feeling himfclf guarded :igainft 
any materiallofs, with evcry advantage which a larger work could 
give *; 'thefe circumfi:anc:cs may juilly be expeCted to extend them 
through the remote parts of the country, open its numerous r~
fourees, and fpread the produce in every dirctlion. Whether J 
haTc fucceeded in thefe points. th: candid reader will determine . 

• Lock, are attended wi\h a certain anll heavy exrcncr, wh.a:.t:\'t:r tl,t: {r-lllc m~y ch:m\.;

,,", 

l ; llt\l'. 
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C HAP. IV. 

ON CUTTING CANAI.S FOR COASTING VESSE LS, RIV[R, OR rORTr-, 
TON BOATS, TN O!WER T O SAVE TilE TRANSFER or CARGO 

TO BOATS OF SMA LLER DlMEN SlON S ¥ 

J[T has been a prevailing opinion, and many can:tls have been 
conftrutted, and arc executing. on the princip!c, tha tto't( ; Tll 

them fufficiently large to n:cc.:ive coafting vends, river, or fo, ty-tOll 

boats, would produce a conftdcrablc advantage, by laving the 
transfer of cargo to fmalJ veffds. 

While there was no alternative but forty or twenty-five ton 
boats, there might be fome realon in ruch a practice, as the diffe
rence in cunfiruEting the canal::; for fueh boats does not appear 
to be materially great i but, if we cftimatc a canal for a forty) and 
then for a four-ton boat, the raving, by adopting the latter, is fo 
important as to render the expenee of transfer inconfiderable. 

1n (:,;cry fituation where a canal is to be formed for forty-ton 
hoats, one-third of the fum ncceffary for that purpofe would pay 
th l! expellee of a ,:anal fol' boats of fOlD! tons t. Hence, if a com-

• If it 1l1:)uld bt C:lid, that it is nOt Co much in order to {ave II.le tran~f~r of cargo, as 
ttl :\CCOIIUllad:LtI!' things wruch cannot be cam'eyed in {mall hu:m; fee Uti: CalculJlions on 
fuch :u,:cumfllodatian in the preceding Ctulpter. 

t In tlH'fc ca1cu1ation~ , I take no medium bet ween forty an,d four_ton boat5, for . if dLe 
, ,:rco i : tu be lC;u,~fCtred, it Ibould he 10 the cheapdl polliblc: convey!\nct'. 

p"ny 



pany are about to expend 300,ooctl. '* where ' 00 ,0001. woull! 
anfwcr the pm·pofe. 10,0001. per annum is funk to f.1Ve trlll sfer, 

It muft be obferved# that in all goods pamug inbnd from thi.: 
coaft. there is only one change of cargo, viz . to the fin:lll boat; 
when the fmall boat unloads up tlil: country, till' expl.:nce i~' the 
fame as if the larger had proceeded to tlu.: fame puiut. III all 
goods p:1ffing to the rivers, or cO:lfi, one transft:r into the L.: rgc 
boat, the firft reception into the [mall hmt being thl' (unt: as illto 

the large one. Hence :1 11 goods going up the country lIlay be taxed 
two-pence PCf ton, the price.: of rran sflT, and th t: ('line 011 all gooti to. 
defccnding: it n1ufi: alfo he confiJerctl, that although :l c:m:d ilia)' 
bt: con~lI..:th.:d with the ri\'l.:r, or occan, thl: pril'H:ipa,l p:l.rt of tht 
trade will not require transfer, tll:illg taken up. and tkpofitcd, 

in various places on tht: p:.tllagc, withuut dl'fccnding tu thl' ri n :r • 
• or the ocean. 

The trade of a canal nLuft. indeed, have a vcry material connec
tion with a river, where there is Occlf10n to transfer five hunJn:t1 

tons per day; which. at two-pence per ton, aHawing 28 0 working 
days, would amount to I J 661. ' 35, 4d. per annum; yet; to fave 
thb , the principal of 10)0001. 'per annum is funk. 

To thofe Llnacquainted with canal fpecub.tions, JOo.oool. m~}' app~~r a grt'at fU IlI ; 

but the following wili five him fome idea at the monep expended in futh I'.'orb, of \\hicb 
the cll im :lt~ s arc; 

The Rochdale canal, 
ElIcfme.-t. dino, 
Kennel and Avon dino, 
Gr.:md Junlh on dilto, 
Leeds :md Liverpool. 

l. 
=9 1 .9 00 

4°O ·00~ 

4:0 ,000 

500,000 

8 0 0 ,000 

Mil" I,"/. , 

31 ; 

57 
70 

'J' 
I J,(, 

lly 
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By ~Htopting fmall bo:tts, the dl!ar gain to the company would 
be 88331. 6s . 8d. per annum, even provided they paid the ex
penre uf transfer,; but I conceive this expence will ultimatdy fall 
on the freigllter, or he ffiUft have an admirable alternative, much 
fupcrior to land-carriage, if the two-pence per tall for trans fcc 
can prevent him· f<nding his goods by the canal ; and there
fore, if the freighter or carrier pays the t ransfer, the 10,0001. 

per annum is a clear faving to the company. 

Thi s reduces a dccifion on the quefiion of the alloption of fin all 
boats in various fituation s, to a very fimple c;-itt:rion. Let' the 
intrret1 of the f.'wi ng made by adopting a fmall canal, inltcad of 
a large one, be compared with the expenct: of tr:Ulsfcring c:trgaes: 
keeping thb in view, that the t:xpcnce of transfer will f:111 on the 
frcightt.:r or carrier, who can have no alrern:J.tive to relieve him 
from this mode of conveyance; not even if a large cana! ran to 
the fame point, No large canal call rival a fmall one, for evident 
reafon s. Suppofe, far inftancc, a large and fmall canal running 
fide by fide, the large canal cofting 300,0001. (or, ill proportion, 
I bn:I' linus the expOlu of the [moll one), and the fmall one 100,0001. 

M(' ,penny pcr ton per miJe, to the [mall canal, would be as good 
intcrdt as three-pence to the larger wark.; confequently the fmall 
canal company could lower their tonn3ge, fo as to favour the 
freighter, and rCilder the expenee of transfer of uo C'on[equencc; 
they would even grow rich, by lowering the tonnage; which 
would draw thc, tradl! from the large canal, an,d leave it a fiagnate 
and urelefs pool * . 

.. J tlo nm helitate [0 fJrognnftiClk the annihila tion of lock-canals, f)y imJ'f'Oved 

iC.iencC' '; in lik~ manner a ~ improvement on mach.inery I'Cn:leu the ... Id apparatus II.rdcfl _ 

The 
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The facility and cheapncfs .. f the, fmall canal alfo invites ami 
encourages conneEtion from every quarter; but the difficulty of 
c.onduCting largt boats through a country precludes) or at !tail 
moft materially limits, tht:ir extenfion. 

Confitlcring thefe circumfiances, I conceive othcre are few fitua
tions which can warrant a canal for large boats; Ihon cuts ulllting 
the arms of ri \'LTS, or through a flat country to au a(~ioining 

town, where there is no great expellee, and much to be gained~ 
the httcr may be advifcablt::. 

u ur, to view internal navigation on the broad rcalc of n::ttiond 
imprm. emcnt, I conceive the river navigations fhou ld be o :tC'ndeu 
as far :\s convenient; bt.lt, the moment the courfe of the ri\'er is 
kft to dirca water conveyance towards the interior country. fmalI 
bO:lts fhould commence. 

In the light of national impro\'cment, the produce of labour is 
the real wealth of a country j the more the labour will pruduce, 
Co much more the nation improves. As a m:lIl WilD improves a 
machine, from fpinning one' pound of cotton per day, to fpin 
twenty; in thl: fame time, and with the f.1me labour, evidently 
obtains his comforts with greater caft;. It is therefore worthy of 
remark, that, within little more than three years, the immenfl: fum 
of 5.3':>0,0001. has been fubfcribed, in order to pay the cxpence 
of conftruCl:ing the various navigations which h:1~e been propolcd 
within that time: this fum, avcrnged at 5ooot. per mile, wiiJ 
execute 1060 miles; yet, to a certainty, 2120 miles might be 
formed on the fmall fcalc for tht:: above fum, adequate, in c\'cry 
part, to the various kinds of 'ra{k, J!ld thus give to the nation 
tht:: advantage of 1060 miles auditiona! water carriagc, the benefits 

' of which would certainly be immenfc. 
Of 
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Of the clnals already cut., or in fuch fOlwardnefs as not to 
admit of an alteratioll. I confider them in the fame viC"vv as rivers 7 
but all future works to bl:. guided by the before-mentioned crite-' 
rion, of comparing the cxpence of transfering cargoes, with the 
intcrefl of the money raved, by adopting the [mall, inflead of 
large boats. 

CHAP. 
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C HAP. V. 

OF THE PARTICULAll CONSTRUCTION OF THE BOATS, ANn 
• 

THEIR APPLICATION TO VARIOU S SITUATIONS. 

1f lTQ\\' EVER novel the form<ltion of the boats ITI:ly appetir, at 
llll firfl fight, I hope to be able to exhibit [ufticicllt 1'l'.1um for 
till' p :trticubr mode of conllruEting them : I therefore.: heg the 
;1("l"llr: l't l' attention of the rC~ldcr to this part of the com!)in;uion, 
;1S on this d i)cl'jllly I conceive the whole fyficm of [mall cana:s is 
{1111portcd. 

I h:lVC already affigncd reafon for the boats being final!; I have· 
~J(() hinted at the nccdlity of their pafTing fpcedily ovcr the Illachi
nery: I mufi again repeat, and imprds this confidcration, tll:lt 

the. trade being divided mtG final! POIiiollS, will, confcqucntly, 
create a great number of movements at tht: machinery; it is there
fore inditi)cnCahly neccllary, that rut h movenH:nts fhould be pcr
forme.:d with the greatefl poflible npcditiull, in oreler th3t <J1l im
l)oltant trade may be tranfaaed.. 

In deliberating on this part of the operation, J fonnd it 
woulcl be the means of great lars of time, if the boats wcrt: to 
be plac-:d on any kind uf c:llTi:lgr.:, 01" cradIc, for the purpofr.: of 
palling the plane; that [uch clrriagc Or cnHllc would alfo pn.;Vf:lll 

one mov..;ment on the machinery , which is the great IIltallS of 
expedition"; hence, to prevent lois of time, and that thl: boat!. 

Tht· rowwry mo\'(~mCnl (If th~ k~ di ng cliain', whjl.h {hall lie particularly Llr;Ccrih.:J 

lII. the fir/! m:l\;hine . 
might 
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u(ual mode, and frayed at the cornel'''; with two knees , OJ' I'ihs, 
infide, exactly above the wheels, and about li.Vl' f~:ct trom the erals, 
which will leave ten feet in the centre. 

Two keels of (cantling. about fix inchl:s f~ LlI:lI ·C . and eightecll 
inches afunder, mull be laid along th\! ct ntre of the.: botlum to 
receive the wheels j or if this is not found fufficicllt, a framing, 
of the fame dimenftons as the bottom of the bOJt, may Uc ccn,
firucled to receive the \\'hcd~, ancl on this framing the bo:lt may hl' 
built, which will be fufficient to fllpport the weight whilL' fhe.: is m:t 
of water. 

The wheels , which may be from fix to ten inches ill diankter. art 
..to be two feet di(hmcc from the cxtn.:miti<.:s; ami may be c:.lll, axle 
:l.nd wheel, in one piece, and turned at the fhouldc[s; or a wrought 
iron ax](; if ncceHary, which axle may move on brafs or iron neps. 

The wheels being thus [mall, and Ihort in the axle. will lie clore 
under the bottom of the boat, fecure from the poffibility of touch
ing the fldes of the canal, .or receiving injury; the kcds, or 
platfann. which compofe the bottom. being cared with thin board. 
will cover every thing but a part of the whed rim, as rcprcfcntcd al

A_ B. The chains ' on the end are for the purpofe of hooking the 
bO:.l.t to the leading chains of the inclined plane. In regard to ob
jcttions which rna)' be fuggdl:cd againft thl: furmation of this hO~lt, 

I coneeivconly THREE can arire. 

Firj/, The diameter of the wheels being fmall may occalion fame 
additional friaion, in palling the machinery. 

Secondly, The potlibility of the wheels being injured. 

Thirdly, 



iw'~4~lt~i;~t!iag;~./&' jn¢)lt;,:r'l.\I~rc. and 'ei~ 
:i1Fs:arUndef. Diuft ~ be; JI.~Al~~ .. !h",\~.R~.' of~e botto~~ 
i~ceiv~.($.~:' r'~~'''; ': or }f", i~~:;!~ ,:n01: ~9.~~,~~~,-~a}t~r~; 
of the,~. dl~enfion. ,!Jth.~~rn9! ~~: JiO!It!"m.y ¥\~n' 
ftruB;~~~'fe the v.:b~~Is! '~ PI!~!>\t~Wboat'IlI~' b. 
built. wb.ich will befU~l,~taKlit~b.iI~~. 
of wa~. 

The wll!icks, .r'~c~·~~y: ~ iioiif~~" ~te~ incbesill dia!rlere~,; ire 
,to be ~.~.~""ce ~m th~" ~1?-~S ; . and. may be cillfi', ~~l. 
and wbeel •. in '~ne· piea:; and, ruinedat'tlie.lIldl!lders; or a wroUg!>t 
iron axlei{n.;ceJWY; , wlii,Ch: ~xltr6iy''%Q.ve bn bra(sor iront\epf; 

' .... "t· . 
•• ! . 
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'l'hirdl;'. The refdlancc on the watc!r. in confequellee of the wheels. 
and 11.:11'" of the boat. 

To the jirjl it muft be obferved. That. while the boat is out of 
W:1tCf, it will ever aCt on 3 regular plane of cafr iron, and never 
be fubjeCt to incqu~lities. and although the friCtion will be fome
thing more in confequcncc of the fmall wheels. yet, as fufficierit 
power may be obtained to raife her. the friction arifing from their 
fmall diameter will be no confiderable impedimt!nt. 

To the je'Colld, j conceIve the wheels are 110t ful~jca to l'ccl:ivc 
injury, but while the boat is out of water; and, t:VCI~ then. 
I do not' pcr-cci\re wherein they are liable to damage i the wear 
which e11fues "by a long cOut'fc of time, only, can affect the 
boat in this part. and, to this, it mufi: be ohfcrved, that fhe will 
not undt!rgo Co much hardfhip in paffing two hundred mi~cs. as a. 
common waggon in moving one mi1e on the ufual roads.
But. even admitting frequent repairs fhould he ne<:ef[ary. ti1l311 lIips 
may be conf'tru8ed at proper fituations, where a mall, by a com
mon windlafs. woutddraw the boat out of water, and repair her. 
with the fame fJcility as he would ~cmedy a defeCt in a cart, or a 
waggon; the proccfs of dry docks neceffilry to -large boats, is by 
110 means required in repairing thefe. 

III the third tlbjeEtion. the refiftance in the water may 
appear to arire'" fnrn two caufes; firft, from the projeCtion 
of the whci!1s in fome degree from the bottom oj' and, fecond , from 
the lIatllers of the boat on the ends. But it mull be ,obfer'ved, -that 
boats of this conftruCtion are ,defigncd to move {low, eonfequent
ly the refillance ariling from the Jlarticular eonfuuCtion wiU be 
wry trifling, and of little importance, _rdiftance beu1g itnuch 

"' , more 



CANAL NA.VIGA nON. 35 

more in proportion to th~. ,vel<Kity, than either 013P(: ' or 
~eight. 

To give a general idea of this, it is mCl'dy neccfIary to remark, 
that lIrould a man attempt to drive a horfc ftxty miles pcr day, he 
could fcarce convey a boat ot the lighten cOl1ftruction at that rate; 
yet the famt! horfe would convey one hundred tons twe1ve miles pcr 
day with cafe. and arrive at the end of fixty mites in five days. 
which is equal to twenty tons per day moving through the whole 
fpace of lixty miles . 

This I hope will be fuflicient to Ihew that ,:eftftance fro'l1 filapc. 
in now movements, is inconfiderable; aIfo, that the true principk 
of conveying goods cheap, when expedition is not required, is, to 
move flow and take a quantity.; and in this r~ft)Ca I Iha11 now 
confider their fuperiority over boats of twenty-five tonsl ,,. "'-

. , " '~"' , 
Seemg 

To the reader who mlly wifh to enter more into the abJlrad, it may be proper to rt' " 
mark, ,that a body moving in a Allid is refined fcnm two cillfe.; lidl, from the cohefion of 
the puu of the 8l1id : (ora body in motion feparating the pam of tbe fluid wherein it IIIOI'e5 
mllft overcome the force Ivith which thofc'p&1u cohefe, 

The 'fccond caufe i" the i1w1;Q, or inaCtivity, of mluer ; wherl;by a c(,rtain force ii ,e, 
quuc:d to move the particle. from their place. in order to fuffer the body t~ pafs, When the 
fune body mOVel ~hrough the fame.8uid with dilferent velocitie •• the rcfinl\ntc incrc:l.fe" in 
proportion to tb.e ~umber of panicles flruck, in an equJ time, which number is ;u the fp:u:e 
Inn through iit that time; i. ,/, .. the velocity. Bllt further. it increa(n ill prop6flioll to 
the forte with which the body ftriku againn cvery pari; whieh forc'i i, alfo al the velocity 
of the lody; ~nd therefore ~ the v~locity be triple. tlIe rdifJ.ance is !r.iple. from a triplll: , ,. , " .. ~ . , 
numbir cf puu to be f&mOVed. It u aUo triple from :l ll:rolte three times ftrongcr ae-ina. 
evcry ~Uti£i~.· ·thcrefort' ~e wbait relilianc~ i , ,nine. fold, i , t , :1' the (quare of the veloci,ry. 
hes:ll:e"1. -boG,. moving in a. ft~id -u ufi~d., p.lr~ in a rauo to the vcloc:i.ty.~ and putly in a 
c!;lIplic~ .~?o.~f the: 'fcl~~ty. ~ ; , 

• NOa~~ b:rte corilidc.N:d it'al.a rule-. that w.hile the (arne body movel in the falne ~:- .. 
.ullftl, U''''"lJwayu-elilkd jll thedyliuteJlI oportioll of its \'elod~r; IhoU is, if U.C rcUlkd 
i$l.yuovt, ia Oil(' put of"i" uack whh thn' t ime, the Yelocity with which it moved. in fome 

E z olher ' 
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Seeing that the truc principle is <0 move flow and take 1111:Jntity, 
in til: · u/iUJllrad,.·, it muft be obfern:'d that a twenty-fi ve ton bo;}t is 
a limit'xl quantity, and more cannot with propriety be applied to 
th(.' horfe, confcC]uently he mull refort to fpeed, and combat the 
rcfiJtance. 

Two twenty-five ton boats cannot be hooked to each other j as 
thehclm of one wi ll not govern the other, anu they arc too ponder
ous to be managed by a boat-hook; they are alfo fa long ·that, in 
making the bends in the courfe of the canal, tl.lCY feparate the fluid · 
by fide prcffure; the bow of the firft feparates the fluid. jar ;'!flOIlU. 

olher patt, then the reJiilan('e of Il'e greater vdocity wlll be nine time, the re61l.tnee of 

the II'Cfcr; l nd ifth~ velocity in one place bcfillr timu the velocity in another, the reJilbnce 

Ilf the greater will be Cutten timn the relifbnce or Ihe JeRi:r, amI CO OD. Sf( Cb(UIfCtrs (tIf 

MerioN. 

Hence, itS ftlil\:tnec i, more in proportion In velocity than "Wtight; if I rup~ofe a bo~t 
. :and targo to weigh twenty lOPS movlng: at the rate of tWO miles per hour, flIc will remo\'c 
a c~rlllill number of panic!!:s in lhat time; if the weight i ~ d{}/lMtd. twice the numb.:r of 
rartic1e~ will b.:: rereoved, and the refil\ance will, ill conrcquencc. b.., double, Butl ill Ihe 

fpeed is nOI incrl'a{cd. "li the rdilb.nce whicn would arife rrom increafed velocity, by the 
force with which the particleJ would be Ilruck., is avoided; therefore quantit)·, to create 
ndilllnceequal to what rpecd produce6. is ncarly ~ followl: in which 1 will (upperI' a horre 
to COIlV.:, thirty-fix tops at the tate or two mile, pcr hOllr, and dimininl the 'luantilY:U the 
(peed is increafed. 

Milf' ,~r h~,. S911prl if rtjrjlQl1Ct fmll 'fIIJ..ilJ 'Tn" 
, + ,6 , 9 ,0 

• .6 9 . 
S 'S 6 
6 ,6 • 

Hence, a, nioe i, to fo ur ill refl!b.nce. Co u IUleeo to thirty_I'iJr:D q ll&fttitr; and (0 oa. in
the (u~dinl numbm. the quantity diminifhing as the {peed if iDere&fc:d; which. deena' 
nUflts, that to convey four (ons til: milu per hour, rcqUilct at much· poJ~r II to convey::~tya 
ix lOll' (womilca in the fametimc:: thus, ;although the rp«d is but triple, the lJuutir,. .. J'C

Geed to one ninth p~r', \.Ir a, f(jKItu ~o w rty-fuo-a.nd Coon ill wothu DlUllbcn , 
to 
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to the right, .nd the frem repels ~t to tpe left; the bow of the fccond 
boat brings it to the right again, and then the nern drives it to the 
left ; which agitatIon con!equently will retard the- motion of bolll 

_ boat's: hence, on a canal for twenty-five tall boats, one boat rnnft 
~c the allowance of olle harfe j he cannot have morc; but muft 
endeavour to accomplifh quantity by fpeed, 'Und encounter tht: 
confequcnt refiftance. 

But of the fonr-ton boats, ten. fifteen, or twenty, may be linked 
tugcther, to compofe any weight which is thought proper. <.\CCOT

ding to time and diilance i being only twenty feet long tlley incline 
to the 'bendings of the canal like the links of a c.hain. a.ad f(,llow 
1n the wake of each other. being guided by a man walking on the 
hOI fe-path with a boat-hook; hence, by the fyitem of fmall boats, a 

'horfe may take any quantity. and move with a proportionate 
velocitv. 

From boats of this confiruaion, ahother ,naterial advantage 
arife:s to proprietors of (oUeries, lime, de1phs. &c. j fJ'equently a ca
nal may pafs near fuch works; and yet it is inr.onvenient, or incon
fiftent, with the quantity of' trade, to extend the water level to the 
very fpot ; which circumflance frequently obliges fuch proprieturs to 
conftruCl rail-ways, and keep waggons, which they muil: be at 
the expence firlt of loading, before they can deliver the commodity 
to the boats, and frequently of forming a dcpofit on the canal b::mks, 
from whence they rnuft again load into the boats. But jf fuch 
works. lie above the (anal, and not more than fix hundred yanb 
dil\:ipt,. fo. that a regular defeent could be obtained; a fing!c road· 
rrugl\t ~: forme(t~ a~d the boat floating on add.it~onal whcr.:l s might. 
be raiJCd to the pit by the fteam-engine employed in pumping, or' 
by tlie mode .defcribed by- D. in the Plate of Parts. 

But ,if fueh a regular declivity could not be obtained, fuppofing 
the .alCont was ei\fy; the boat, on a caniage prepared for the pur-

. ~ pofe" 
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poCe, mjght be conveyed to.the ,~rks, a;', 'lJ.,here within a mile, by 
:l horf<.: j there taking in her cargo, defcend from thence t,o the cal.lal, 
;md btilllmediately ready for naviga.tion .. . " . 

It may alfo be advife~i,lc,in fbme c.fes, for the proprietor to(e
<luce his boats to t"'o tons, being twenty feet long, two feet fix inches 
wide, and the fame depth; by pladng wheels on thefe boats, of the 
'fame dimenlions ' as thofe of four tons, they will 'pafs the fame 
machinery~ and navigate wherever canals fo adapted extend :. and tile 
advantage to the proprietor would be, that fueh narro~ boats would 
pafs through a tunnel, -not more than ,three feet fix inches wide and 
nine feet high, w~ may be eO,nfiruCted fo cheap as to enaolt him 
to drive a water le"~d iota the centre of his works .. : fa far relates 
to the (quare encr~, flow mover, and common trading boat. 

, ' 

But as varjous circum(tances may require difpatch, filCh as boats 
to market, paffage botts, or quick communications between trading: 
t owns, where vah~blc mei~chan~i2:e may require fpeed j Figure the 
.111 ,and frond, reprefents boats for tQis ,purpofe, being conftruC1:cd 
thirty feet long, four wide, two, feet ,tel1 iilches deep; flat at bottom, 
with wheels as ,bef<>1'l:roentioned, aftd .. (1}"'1' at .the bow, as Ij>eed is 
,required, containing 'from fouqo fivetons:: in 'building thefe boats 
Item pofts muft be railed aboui:6.~ 'f~, hlgh , (.s in the Plate), ,to 
which the dl,ain, ,are fi occd ,; ' thus~. theAha'mi :b,eing raif<;.<l,!'ill pre
vent the leadingchail\s o( the mlicrul'ie il'om,p!"ffing on the goods, 

. o r incommodin~ paifeng<rs. Of ,the <>R<~tio!, qf th"f;1ioa1~ :I fuall 
:: trcat in Chapter the 'Sev~, on the 1iyft~tn~U\I~!igatIDn. " 

~. ..' ] ha\'e not ht~n ab!e, I'fI/i"" /or ,h,-,"J'; to pfOC,IlnI· ... 1\'ei.a ~I:COurl.t . .()r u.t:"'1ft.,th eF 
t1r.~~i()~5. tunnels ""hidll extend to 'hi~ Grace the Duke~tB;i~"~.iti:rt~~~.itnt' Wo.~ ~ 

. l:I~ .~~~ (~~ '\heYlI.mOlant ~o fur.teen rni~ •. ~:hkl\, at ~1. per li¥7*a .n, .t'C~~~Jr:~1l:' 
coil. · ~~~9601., _~f.of which. 31-•• 8~. nught JIU VC ~ rm:i. :b):',*jiJOYllI., '~~M-'o,'" 
boats, 



CANAl. NAVIGATION. 

C H A 1'. VI. 

"9' , , 

DF-SCR IPTION OF TltE SEC;:OND PLATE, nXHJBITING A I:)OUBl.E-JN

CLI NED HANE, FOR THE PURPOSE OF PA SS ING BOATi .. Jl,N.l) 

THErR. CARGOES, TO, AND ~ROMJ THE DIFFERENT PONI;S, OR 

LEVEL6, IN CANAL N.\VIGATJON. 

As a thorough intelligence of the prindplcs of this machine will 
give a good int,.odu~ory idea to the fuccceding appa'"t"". I 

will endeavour to be particular in the 'defcription of it,; therefore 
i hope to be excufed if it appear a' little tedious. to thofe who are 
(.1mi liaf r'ith [orne of its compm)ent parts; as my wiih is to ex
phill the _ principle to thofe perf on. who are totally unac
(Imillted with the fubjelt. which I know by experience to be 
fomewhat difficult; I will therefore ·fir!< enumerate the p.,.t. wlucb 
compofe it. 

JjI. A double-inclined plane. extending from one pond or level 
of canal to the other. and running into each canal about fixty feet •. 

• d. A pit (or weU) 'in depth equal to the. difference between the 
level. of die two canals • . 

" 

, ~4t6. ~ .IA:~ . -'or· ciftem, ~'-movc in the 'pit, into wJ\ich water is ... _ 
. drawn' froal.Ihe .. ,ueper, CI,!lfU' in order to "",ate a power to put ~e . 
macJiG\ein~ulotion. . - . ., " 

5th; 


