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TREATTISE

ON THE IMPROVEMENT OF

CANAL NAVIGATION.

CHAP. L

OF THE ORIGIN AND PROGRESSIVE IMPROVEMENT OF CANALS.

N contemplating the infinite operations of Art, and reflecting

on their progreflive improvement, it is an inexhauftible fund

of amufement to trace them back to the time when genius

called forth the mental powers of our fpecies, and conduéted hu-

manity from the wilds of favage life to the cultivated plains of
{cience and refinement.

- Ever anxious to diffipate the cloud which intercepts our view of
: i‘emote times, we endeavour to difcover the orxgm of the fubjetts
- we inveftigate, and to trace them through their various meandrings ;
pleafed, ifowe find improvement cheer the way, and induftry diffufe

~her blcﬂings through foc:cty
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Such deliberations have a happyo tcndency, by exh1l:-1tmg our
comparative fituation with that of former ages, to teach us the
abfurdity of prefaming on prefent perfection, or of fixing a boun-
dary to any purfuit; they contribute to obliterate the prejudices
refulting from eftablifhed cuftom; and to open an unbounded
ficld of the moft luxuriant foil, gratefully produtive to the hand
of cultivarion, and richly rewarding the toil of the labourer.:

For this purpofe, I conceive it will not be uninterefting to take
fome notice of the infant operation of eanals, and of their progrefs
from Eaftern to Weftern climes; in which, we fhall find, their
importance did not efcape the obfervatmn of fome of the early im-
provers of fociety. -

From the beft hiftorical accounts it appears, that in the Medi-
terranean fea navigation originated and flourifhed, that fea being the
greateft inlet in the known world, and without tides, confeq'uently
feldom exceflively agitated ; alfo, containing numerous iflands, and
thores within fight of each other, it was particularly favourable to
the youné adventurer. Time, with fuch advantages, having im-
proved the navigator in knowledge, and the furrounding countries
in cultivation, the mind bcgan to feek, in ftreams of artificial di-
«reftion, thofe conveniencies it had enjoyed on the watry expmﬁ:
of nature, -

The firft enterprize of this kind, of which we have any account,
is related by Hepoportus, of the Cnidians, a people of Caria, in
Afia Minor, who defigned to cut through the ifthmus which joins.
that peninfula to the continent; but who were fo fuperftitious as
to relinquifh the underta.kmg becaufe of an mtcrdl&lpn by an

oracle.
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It was alfo a favourite prdject with both the Greeks and ,Ro-
mans, to cut a canal through ‘the Ifthmus of Corinth; and open a
_communication between the Archipelago and the Tonian Sea; to
accomphﬂ1 which, DEMeTRIUS, Jurtus C&sar, CArLiguLa, and
. NEero, made numerous, but unfuccefsful, attempts.

The important junction of the Mediterranean and the Red Sea,
by a canal through the Ifthmus of Suez, has at various: times oc-
cupied the attention of feveral kings of Egypt; Puaraon Necuo
attcmpted a canal from th*&?mb to the Red Sea, and 120,000 men
peri'ihed in the attempt. In this great undertaking, it is alfo faid,
that,’in after ages, SoLiman I1. Emperor of the Turks, employed
50,000 men ; and that the work was completed under the caliphate
of OmaR; but afterwards was {o entirely choked up by the fhift-

' ing fands, and loofe foil, as entirelyto obliterate.their immente
labours. - :

As it has been frequently queftioned in Europe, whether fuch a
canal was practicable, in order to open a route to India nearer
than that by the Cape of Good Hope, I fhall beg leave to quote
Mr. VoLNey, who made it‘a part of his enquiry during a refi-
dence at.Cairo and Suez in 1782 ; and who, having a juft fenfe of
the fubjeét, exhibits the impraticability of conftruting a per-

. Thanent cana.l s—for the folluwmg reafons: -

.')
3

- Fzr;ﬂ It s ce;tamly true, that the fpace which feparates the
: two feas is not more than 18 or 19 ordinary leagues; it is true,
va.lﬁ) that this interval is not interfected by mountains ; and that
from the tops of the terraces at Suez we cannot difcover with any
telefcopes . ﬁngle obftacle on the naked and barren plain to the
North. Wdl: it 1,5 not, therefore, the difference of levels which
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prevents the Jun&mn*‘ but, .the great dlﬁ'iculty arifes from the
nature of the correfpondmg coafts of the Mediterranean and the
Red Sea, which are of a low and fandy foil ; where the waters
form lakes, fhoals, and moralles, fo that veffcls cannot approach -'
within a confiderable diftance. It will, therefore, be found .
fcarcely poflible to dig a permanent canal amid thefe fhifting
fands ; not to mention that the fhores are deftitute of harbours,"
which muft be entirely the work of art. The country, befides, has
ynot a drop of frefh water; and to fup %y the inhabitants it muft
bé‘brought as far as from the N'lc*

= I.‘I

——
Lt

-

L]

“ The beft, and only, method, therdb;c of eﬁ'céhng this 7 Junc—
tion, is, that which has been already futcefsfully praétifed at dif-
ferent times; which is, by making the river ‘itfelf ‘the medium of
communication, for which the ground is perfeétly well calculated;
for, Mount Mokattam fuddenly terminating in the latitude of Cairo,
forms only a low, 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 ancients, who early underftood the advantagc to be
derived from this fituation, adopted the idea of joining the two feas.
by a canal, connefted with the river’ StTRraBo, lib. 17, obferves, -
«that this firft was executed under SesosTris, who reigned about
the time of the Trojan war; and ‘the work was fo confiderable, as
to occafion it to be: reQarked that it was a hund_red cub1ts (or 170 |
feet) wide, and deep an@ugh for la.rge veﬁls LN % ,g; 1]

This work has i repeatedly choked up, and repeatedly re-
paired, and fo fenfible were the anc1em:‘ Eﬁyptmns of the uuhty of |

S

* The ancients were of opinion, that the Red Sea was bigher I.lun t}ﬂ! lcvel of the Me-
diterranean ; but, admitting this to be the cafe, it would be a &n&ang obftacle #hthe p:éﬂnt 1
improved flate of mechanics, and knwlr.dgc of locks, o
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canals, that, accordmg to Henoncrrus, SesosTRrIs caufed fuch
* numbers to be conftructed, that they fupcrfedﬁd the ufe of whedled
camages, which had been in practice till that time. Thole works
_are _now buried beneath the wreck of government; are over-
_whelmed by drifting fands, and fediment depofited from the
“inundations of the Nile; mfomuch that no mark of their courfe is

le& B 1540 . o ',ﬁ“f“

ke
In trmes more modern, when . Egrope was but emerging from

* the gloom of Gothic ba@m"gﬁ the altive 'genius of CHARLE-
MAGNE prop&ed a plan of uniting the Rhine and the Danube, by
a candll, in order to open ; a ‘communication between the ocean and
the Black Sea; in this 1mmcnfe work he employed numerous ar-
mies, but the extreme dxﬁicul'ues he had to encounter, after in-

*finite labour and expence, obliged him to abandon the undertak-

ing,

Thus we fee,” in various periods  of fociety, the moft vigorous
exertions to open water communications between diftant provinces;
which works were ever under the particular guidance of the moft
eminent charaéters, and profecuted by fuch immenfe numbers of
men that the labour is almoft incredible; but as manual lsbour,

- unaided by'mechanic ingenuity, is utterly inadequate to works of
this kmd, theu' vmeus failures muft be attributed to their igno-
. rance of ths gmmne principles of fcience.

ls, ThQ anctents were totally unacquamted with locks, or any other
mode of paffing v veffels from one level, or pond of canal, to another ;
they, ’fon&quenﬂy ‘wouild be neceflitated to purfue the level of that
_parton which theycommenced be that level what it might ; and this
(ina mbuntamous country would lead them into high grounds. It is

1z\lfo pwbable, they would attmnpt to namgatc fuch veffels as tra-
'%'l . - '?T_. i 27 08 TR ‘verfed
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verfed the ocean; while perfo;atmgw rocks or makmg tunnels for
thofe veffels, would never intrude on theu‘ imagination. = Such cir.
cumftances would confequcntly defeat  every undertakmg in an
irregular country; it is therefore natural to. conclude, that each
Egyptian canal muft have prefervcd one level; particularly vhen
we confider, that Lower Egypt (in which they were jbrmed) is a
flat and uniform country.

,'s.
~ 1

But although the Egyptians, Greeks, and. Romans, were un-
acqudinted with any mode of paffing boats to, and from, diffe-
rent levels of water; there is great reafon to believe the Chinefe
have long been familiar with an apparatus for this purpofe. “Their
machine confifts of an inclined plane, and a cradle to receive the
boat; beneath the cradle are feveral ‘rollers acting on gudgcons ;
into this the boat is floated, which fits it fo exactly as to give equal”
preflure on all its parts ; -the whole is then raifed to the next level,
or pond of canal (orlet down, as the cafe may be), by men at
a capftan (others fay, by a water wheel) ; but it is- probable both
modes are practifed, according to the abundance, or the fearcity, of

water. The imperfect accounts of China, which have reached

Europe, leave us much in the dark as to the fpecific operation
and a European mechanic cannot conceive how the power obtained |

by a capftan, orany other apparatus where manual exertion is the

acting force, can be fuﬂicxent]y quick to accommodate a cori~

fiderable trade, without incurring a prodxglous expence by the

number of men employed; as it would occupy at leaft thirty men™
during fifteen minutes, to raife a boat of twenty tons to the height |
of ten feet; the boat, cradle, and cargo, fuppofed to cqual tlurty'-

tons; and a repetition of this operation, for inftance, fo often as is
neceffary to mount a boat 200 feet, muft not only‘bc tedious but.
expenfive; yet all writers agree as to the magnificence of tlwfc
canals, and their aftonilhing length: the canal from Canton to

-«‘:-‘ fiekll'h
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' Pckm being 82 5 miles long, throughwhich an immenfe trade is con-
duted. Indeed, fo vigilant are the Chinefe over thefe works, that
.they come under the immediate protection of the executive power,

‘and in the inftrutions given to governors of provinces, thefe ob-
jects are recommended to their particular care. In conformity to
this principle, the opinion which the court ferms of their conduct
is greatly influenced by the attention which they appear to have’
paid to this part of their inftruétions: this branch of the police is,
confequently, well attended to ; and their canals have the reputa-

' tion of being infinitely fuperior to any thing of the kind in Eu-
rope! Hence, notwithftanding the great extent of the empire of
Chin#, the vaft multitude of its inhabitants, and variety of its
climate, the confequent produétions of all parts are tranfported
to, and from, the different provinces, with fuch facility as to open

*a home market fufficient to fupport extenfive manufagtures.

| Machines, fimilar to thofe of the Chinefe, have been erefted in
Flanders, on river navigations, where interrupted by falls, or
fhoal water ; while another mode adopted has been to ere¢t a dam,
or wear, acrofs the river below the fall, in which was placed two
ftrong buttreffes of ftone, with perpendicular grooves ; after pafling
the boat above the buttrefs, a ftrong gate was let down the grooves,
which ftopped the water till it rofe to a fufficient height to enable
the boat td pafs; this apparatus, tedious in the procefs, profufe of
- water, and liable to injury from every flood, in all probability gave
. the firft hint 6f locks.  And this ingenious invention opened a new
fcene in canal navigation, in confequence of the facility of paﬂ]ng
to and from the different levels. = Since which, numerous impor-
tant works have been cxecutedm the Nethe.rlands and in different

partwf Eumpe TR
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Of thefe, perhaps, the moft confitlerable is the canal of Langue-
doc: I mean, moft confiderable, not only from its length, and na-
tional importance ; but in confequence of the capacity requifite to
the conftruction of it. :

It has in faét been the model for all canals down to the prefent
day; in this work, locks, refervoirs, aqueduéts, tunnels, and em-
bankments, are plainly exhibited ; and the {yftem which has been
purfued fully eftablifhed. This canal, which opens a communica-
tion between the Mediterranean and the Bay of Bifcay, is 192
miles long ; it commences with a refervoir 4000 paces in circumfe-
rence; and is furnifhed with 104 locks, each of 8 feet rife. it was
begun (in 1666) and finithed under Louis XIV, by Francis
RiqueT, in little more than thirteen years; the expence amount.

ing to upwards of thirteen millions of livres; which, at twenty- "

cight livres | the mark of filver, the value of French money in the
laft century, amounts to upwards of goo,o00l. fterling. On' finifh-

ing this great work, the tolls were given to M. RiqueT, as a

reward of merit, and an inducement to keep it in repair; and the

emoluments have been fo important as to produce great eftates to-

different branches of that gentleman’s family : while, as a public
work, it is unqueftionably the nobleft monument of the monarch

who patronized it.

Nor did thefe ufeful works efcape the penetrating genius of the
Czar PeTer during his refidence in Holland ; who; immediately on
his return home, procured engineers, and cofimenced a canal to open
a communication between Mofcow and Peterfburgh. It would bea
very extenfive undertaking to deferibe the numerous canals which
had been formed in various parts of Europe, prcwous to their in-

troduction into this ifland : but though England was the laft to
: cncourage

b
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. encourage canals, it is now thke moft active in promoting them ;
tenacious of eftablifhed cuftoms, Englifhmen are difficult to et
in motion, but their fenfes being awakened to intereft they aie

diligent and perfevering.

" The firft canal in En gland which deferves notice * was conftructed
by the Duke of BripGEwATER, and has not been completed 30
years ; during the procefs, fo unacquainted were the people with the
ufe of canals, and'fo prejudiced in favour of the old cuftom of river

* navigations, that the undertaking was deemed chimerical; and ruin
was predicted as the inevitable refult of hi#Grace’s labour; here
tunnel, aqueduéts, refervoirs, and embankments, familiar to fo-
reign nations, ftruck the aftonithed Englifhman with wonder; the
apparent expence furpafled all- calculation of an adequate return ;
particularly with a rival running by its fide: yet it was not long
finithed 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; this gavea certainty, and punétuality, in
the carriage 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 vanquithed prejudice, the fire of
fpeculation was lighted, and canals became the fubjett of gcncral
converfation.

+But as local prejudices oppofed the Duke’s canal, in the firft in-
fance, prejudice equally firongas firmly adhered to the principle
on whick it was conftructed ; and. it was thought impoffible to lead
one through a coumry, or to work it to any advantage, unlefs by

i e
" * The Romans mde a fmall cut between the Nyne and Wltham, below Pctcrbomﬂgh,

purluing on: l:ve], without machinery or any difplay of mechanical ability.

" ¢ . The river Merfey runs nearly garallel to the Duke’s canal,and navigates to and I:rom the
. fame port of Liverpool.
: C locks

3
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locks, and boats of at leaft twenty-five tons, till the genius
of Mr. WirLiam Reynorps, of Ketley, in Shropthire, ftepped
from the accuftomed path, conftructed the firft inclined plane, and
‘introduced boats of five tons*. This, like the Duke's canal, was
deemed a vifionary project, and particularly by hus Grace, who was
partial to locks; yet thisis alfo introduced mnto practice, and will
in many inftances fupercede lock canals.

Thus we find the majority of men adhere {trongly to eftablifhed
cuftoms ; and prejudice the common enemy of every new work.
Senfible of the pow® of fuch an opponent, I {hall feck aMiance
in the inveffigation of truth; requefting thofe who take tife trou-
ble to perufe this work, to abide by the teftimony of common
fenfc; to confider that, as fcience is progreflive, thereis yet room
to improve,, and that the infinite variety of applications to whicly
fcience is competent, leaves ample opportunity for foggeftions no
lefs advantageous than thefe which have already ftood the teft of
experiment, and received the fanction of fuccefs.

* Mr, Rey'owps’s machine is an ingenious combination of an inclined plane, and.
Jocks : two locks being conftruéted on the top of tke plane, for the purpofe of getting the boats
sn, and out of, the upper canal ; and, although it is only calculated for a defeending trade, fuch
as from colleries, or lime works (in which cafes the loaded boat, defeending, raifestha: which is
smpty), yetby its operation fmall boats have been introduecd into practice ; and for foch in-
troduétion every future improver will feel infinitely indebted to Mr. Reywowps; however
preatly his engine may be inproved in conftruction or varied in its operation.
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CHAP. IL

OF THE IMPORTANCE OF CANAL NAVIGATIONS, AND THE BENEFITS
ARISING TO SQCIETY BY EASY COMMUNICATIONS.

LTHOUGH the numerous canals which have been executed

within the laft thirty years, have exhibited their utility to

fuch pcrfons as have refleCted on the fubje& yet I may venture to

fay, that many fee their advantages in a limited view, while

, more than half the inhabitants of England are totally ignorant of
" their i importance, toevery diftri¢t through which they, pafs

Like the government of China, the legiflature of every country
fhould be particularly attentive to the reduttion of the expence
and delays of carriage, and to the formation of eafy communica-
tions between different and diftant provinces; as agriculture and
commerce will improve, and happinefs fpread, in propertion as
the facility of conveyance increafes.

" In the early and limited affociations of fociety, while men were
kept afunder by forefts, moraffes, and inacceffible hills, their know-
ledge muft have been circumfcribed ; and their conveniencies few,
The rude implements employed in mechanics and tillage, would
*occafion much labour in proportion to the produce, and though ar-
tifans, either by defign or by accident, might greatly facilitate their
work by a fuperior contrivance of inftruments, yet the difficulty

of intercourfe would conﬁne the knowledge of fuch advantages, and
Cz2 ~ prefent
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prevent the improvement extendingeto others who might equally
require it ; hence, in different diftricts, particular expedients might
be ufed in performing the various operations; yet, being practifed in
a limited circle, each community might remain ignorant of the
other’s advantage ; and this ftate of things in great meafure conti-
nucs in every country, but particularly between diftant nations.
<
The Chinefe, forinftance, poffefs manyadvantagesof which we
are ignorant; and they certainly are unacquainted with many of
ours : yet, was a free.ccommunication between the two countries efta-
blifhed, the particular improvements of each, in all probability, would
be combined to the benefit of both. But, even under the fame go-
vernment, or in the fame province, it is fome time before a com-
bination of knowledge can take place; but in proportion as the
ydifficulty of communication is removed, the fpirit of enterprize in-
creafes, and neighbouring affociations begin to mingle, their habits
and cuftoms affimilate, each tranfmits its improvements to the
other, and each feels the beneficial effects refulting from the union.

This fyflem of intercourfe, and benefit, would continue to
extend, as the difficultics which withheld, or obftructed, it were
removed ; and eventually {mall focieties would become a large and
focial compaét ; bringing their various improvements into one com-
mon ftock: a knowledge of mechanics would fpread, and greater
comforts would refult from lefs labour.

An aétive man thus fituated, and feeling himfelf by this means
in polleffion of more than was abfolutely neceflary for his fubfiftence,
would indulge his natural propenfity to barter: each would wifh
to difpofe of the furplus of his particular labour, inorder to pur-
chafe a portion of the labour of others, which his neceflities, or

luxury 3.
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luxury, might require; thus the farmer barters his furplus with
the tradefmen; the tradefman his with the farmer; the towns.

exchange the work of their artifans for that of the country;
the country its produce for that of thetowns ; the carpenter, the fmith,
the weaver, the taylor, the tanner, the {hoemaker, the butcher,
the brewer, &c. artifans, and profeflions of all kinds, have recipro-
cal demands on each other ; for not only the elegancies, but cven
neceflaries, of life.

It is indeed curious to reflet how, by the refinement of art, and
diviflon of labour, the united exertions of thoufands combine to
prodike thofe things which familiarity exhibits as trifling, yet
abfolutely neceffary to the comforts of exiftence,

* < Obferve,” fays ADam SMiTH, “the accommodation of the moft
common artificer or day-labourer in a civilized and thriving coun-
try ; ahd you will perceive that the number of people of whofc
induftry a part, though Lut a {fmall part, has been employed in
procuring 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 labour of
a great multitude of workmen; the fhepherd, the forter of ihe
wool, the wool-comber or carder, the dyer, the fcribbler, the fpin-
ner, the weaver, the fuller, the dreffer, with many others, muft all
join their different arts in order to complete even this homely pro-
duftion. How many merchants and carriers, beflides, muft have
been employed in tranfporting the materials from fome of thofe
workmen to others ; who often live in a very diftant part of the
country > How much navigation and commerce in parficular ; how
many {hxp-bmlders, failors, fail-makers, rope-makers, muft have
been employed in order to bring together the different drugs made

" ufe of by the dyer, which often comes from the remoteft corners of

the



iq A TREATISE ON

the world 7 What a variety of labouris neceffary in order to produce
the tools of the meaneft of thofe workmen ? To fay nothing of fuch
complicated machines, as the fhip of the failor, the mill of the ful-
ler, or even the loom of the weaver, let us only confider what a
variety of labour is requifite in order to form that very fimple ma-
chine, the fhears witk which the fhepherd clips the wool ; the miner,
the builder of the furnace for fmelting the ore, the feller of the
timber, the burner of the charcoal to be made ufe of in the {mclt-
ing-houfe, the forger, the fmith, muift all be joined in their diffe-
rentarts in order to produce them : were we to examine, in the fame
manner, all the different parts of his drefs, and houfchold furniture,
the coarfe linen {hirt which he wears next his fkin, the fhoes Wwhich
‘covers his feet, the bed he lies on, and -all the different parts which
compofe it, the kitchen grate in which he prepares his victuals, the
coals which he makes ufe of for that purpofe, dug from the bowels
of the earth, and brought to him perhaps by a long fea and a long
land carriage, all the other utenfils of hijs kitchen, all the furniture
of his table, the knives, the forks, the earthen or pewter plates,
upon which he ferves up and divides his victuals, the different
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 requifite for preparing that beauti-
ful and happy invention, without which the northern parts of the
world could fcarce have afforded a comfortable habitatien, together
with the tools of 1l the different workmen employed in producing
thefe different conveniencies; if we examine, I fay, all thefe things,
and confider what a variety of labour is employed about each or
them, we {hall be fenfible that, without the affiftance and co~opera-~
tion of many thoufands, the very meaneft perfon in a .civilized
country could not be provided, even according to what we may
falfely imagine, the eafy and fimple manner in which he is com-
tuonly accommodated : compared, indeed, with the more extrava-

gont
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gant luxury of the great, hise accommodation muft no doubt ap-
pear extremely fimple and eafy; and yet it may be true, perhaps,
that the accommodation of an European Prince docs not always
fo much exceed that of an induftrious and frugal peafant, as the
accommodation of the latter exceeds that of an African king, the
abfolute mafter of the lives and libertics of. ten thoufand naked

favages.”

Henee we fee conveniencies, efteemed the moft trivial, are the pro-
duce of reciprocity ; each has a variety of wants which muft be fup-
plied*by the labours of others; and for which he gives his labour,
or the®produce of his labour, which is the fame thing, in exchange.
An eafy communication with foreign nations, or the diftant parts of
the fame country, extends the market, and facilitates the transfer ;

*while the eafe of transfer ftimulates the active powers to exertion.

Thud an eafy communication brings remote parts into nearer
alliance, combines the exertions of men, diftributes their labours
through a variety of channels, and fpreads with greater regularity
the bleflings of life.

Men in commercial intercourfe minghing with men, impercepti-
bly lofe their local prejudices, and their cuftoms gradually affimi-
late; while people remote from each other, and deftitute of cafy
communication, retain thofe prejudices, injurious to the mafs of

fociety.

Eafy commumications to the different diftricts of a nation, alfo
renders it more independent of its neighbours, by colletting and

bringing forth its internal refources ; which circumftance muft have
greatly
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preatly contributed, perhaps have wonftituted, the entire indepen-
dence of Egypt, China, and India: itis worthy of obfervation,
that, in thefe countrics, where canals werec moft in ufe, they
never encouraged foreign commerce ; but feem to have arrived at
their great opulence by a home trade, circulated through their ex-
tenfive and numerous navigations s indeed, if agriculture and its
dependencies may be confidered as the ftamina of fociety, a well
direéted, and judicious, labour, would eafily produce the comforts
(1f not the elegancies) of life: Egypt, though not {o extenfiveas Eng-
land, in former ages contained many millions of inhabitants, and,
as it is before obferved, they did notdraw their refource from'other
countries ; the produce of agriculture muft have been immenfe,
and the principal fupport of the great body of the people. We
are taught to believe, they were {o attentive to this, that not an
inch of ground was loft; the whole country being like a continued
garden. ‘This feems the more probable, when the peculiar advan-
tages of the country are confidered. |

Egypt is a ftripe of land g 5o miles in length; and in the greateft
width, from Alexandria to Damietta, not more than 125 miles ; from
thence it decreafes in width till it approaches Nubiz; whereitis 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 watered. As the country is flat,
and of an eafy defcent from one extremity to the other, it enabled
the 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; thofe cuts, which anfwered the double purpofe .of
refervoirs to retain the waters of the Nile, and of canals to .con-

vey
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vey the various produce, wereefo nymerous as not only to touch
at every town and village, but even at many of the farm houfes ;
added to thefe extraordinary advantages of water carriage, nature
performed a moft material work for the farmer, by mingling
with the ftream the foil of Abyflinia and Nubia, which being de-
pofited as a fediment, and fpread over every field and corner of
Egypt, by the overflowings of the Nile, formed a rich and fer-
tilizing manure.

We cannot conceive a more regular diftribution of the nutritious
partxcles of earth, thanwas produced by thefe inundations ; which
not omly enriched, but meliorated, the foil; hence little more was
left for the diligence of the farmer than to fow his grain, and
cover it with a harrow; thus the Egyytian obtained an abundant
harveft with a moderate degree of labour.

Here it is interefting to take a comparative view of {uch a level
country as Egypt, and one diverfified by mountains. The nearcr
a hilly country can approach, by art, to fuch an equal diftribu-
tion of manure as the Nile effefted, fo much nearer it will be to
the perfecting of agriculture, and the enjoyments of life; it 1s,
indeed, curious to confider the infinity of labour which the inunda-
tions faved, and which confequently might have been directed to
other works ; the whole procefs of colletting, preparing, and depo-
fiting the compoft on the grounds, was faved to the Egyptian
labourer, with numerous other preparations requifite to the agri-
culture of an irregular country.

But obferve the immenfe number of hands employed in fuch

a country as England; indigging marle, 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 requifite
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requifite to facilitate thefe operations; from thence the labour ne-
ceffary in their conveyance to the grounds, the wear of roads, wag-
gons, carts, harnefs, &c. &c. the wheel-wrights, {miths, and other
artifans employed in conftant repairs; alfo, the waggoners, the
carters, and, above all, the number of horfes 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

® 1 conceive it a fair calculation, that each horfe confumes that produce of manual la-
bour which would fubfit an individueal; particularly in a populoas country, where every
field pays rent. If their keep is confidered throughout the kingdom, from thofe heavy ani-
mals in broad-wheel waggons, down to the pony, calculating the intereft on the purchafe,
the cafualties, provender, attendance, thoeing, wear of harnels, &c. &¢. itwill amount to
upwards of z51. per annum, which is more than is {pent on an average by the labouring
people, and their children; confequently, if improved conveyance can difpenfe with the
horfe, 251. in produce of manual labour is faved to fociety, as a fand to other works;
which, throughout England, would be many millions per annum, confidering that every
40,000 horfes amounts to 1,000,0061. per anaum in maintenenee. -But thefe being rendered
ufelefs by improved fyftem, would produce an ealy fupport to 40,000 inhabitants.

It is eftimated, that, in the agriculture of England and Wales, one million of horfes are
employed, and if to thefe are added the number-of mail coach, ftege coach, and poft chaife
horfes, with thofe of céuntry and bye carriers, fromcolleries, lime-works, iron works, &c.
alfo thofe for the convenience of individuals, in the environs of manufacturing and other
towns, with the great number employed in the heavy and fly waggons, tbe principel part of
awbich may be difpenjed avith, 1 conceive the pumber will be little lefs than two millions, which
will amount o the immenfe fum of §0,000,000l. per annum in maintenance. If from this
number of horfes, which may be confidered as carriers ('mot to mention the immenfity of pleafire
borfes), one fitth could be-difpenfed with ; the annual aving wnuld be 10,000,000l. a fum
equal to the maintenance of 400,000 inhabitaats, allowing z5L o each perfon, which would
confequently permit the labours of 400,000 men to be direfted to other improvements,

From fome recent calculations prefented the Board of Agricultare, it appears, that 2 farm
borfe does not confume more than three acres of the fruits of the earth in a year; buta
horfe kept on the roads eats yearly, in hay and corn, the full produce of five acres ; a manat
& pound of bread and a pound of meat per day, or in proportion, not quite an acre and a
quarter; fo that one of thefe horfes eats as moch as four men : I confequently have fated
the faving by the redultion of horfes ata very low computation, Which further exhibita
the great importance of diminifhing their sumber.

were
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were relieved, and, being difpenfed with, faved fo much nourifyment
to the people.

Deliberate on thefe circumftances, and the difparity is certainly
great, which loudly calls for the exertion of mental faculties, and the
improvement of mechanics. Here art fhould zflemble all her en-
gines to fupply the defeét of fituation ; man mult open the repofi-
tories of nature; mix, with chymic fkill, the various ingredients,
and ftrey them on his fields. Nature having diftributed her frui-
fying particles in wild confufion ; it is with them as with the culti-
vation of man, to render them productive, they muft be brought
into umion; and this can only be accomplithed by improved con-
veyance. In this operation, canals may be confidered like the
looms of the draper or hofier; or thofe improved machines, which,
weducing the labour, yet multiply the produce; and confequently
render the neceffaries, and conveniencies, of life more abundant :
by being more abundant they are obtained by every member of
{ociety, within their circulation, with greater eafe; the eafy means of
procuring 'the accomodations of life increafes the population of a
country, and population, creating a greater demand, proceeds to
further improvement. Such have been the progreflive fteps of civi-
lization ; and to which there appears no boundary!

D2 CHAP.
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CHAP 1

ON THE FOR.MATI?N OF CANALS, AND THE MODE OF EXTEND-
ING THEM INTO EVERY DISTRICT.

AVING in fome dcgree exhibited the importance of * canals,

the next confideration is to point out a mode of extend-

ing their advantages. In this it muft be evident, that they
can only be advantageoufly conftruéted through fuch diftritts, 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 feems to depend : public roads, bridges, harbours,
docks, and other works, admit of a variation, and may be con-
ftructed great and magnificent, or contratted and cheap, in pro-
portion to the trade, agriculture, or population of the country which
they are to accommodate ; but, according to the prefent fyftem *
of conftrulting canals, there is a certain point. to which they
feem to defcend 4, and below which they cannot be further con-
tratted. The fum required for their conftruétion therefore muft
be equal to the forming them of thofe dimenfions; and the
trade expefted muft be fufficient to pay the intereft of the fum,
or the country remain hopelefs of the conveniencies of water car-
riage ; unlefs a canal be executed in the frenzy of fpeculation,
which indecd is fometimes the cafe ; and rather injures than pro-
motes fuch works ; for fubfcribers being difappointed of the intereft
with which they had flattered themfelves, are detcrrcd ftom entering

* By this I mean the prevailing fyltem ; thcrc are but two canals yet conftruéted on the
clined plane principle, that of Ketly, and the Shrophihire.

1 For navigating twenty-five or twenty ton boats,
into
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into fimilar undertakings, though of more rational adventure. The
il fuccefs alfo {preads like a contagion, and fickens the foul of en-
terprize in others ; yet the failure is perhaps not for want of mate-
rials to be conveyed by the canal, but in confequence of the expence
of getting at fuch materials.

Had the ordinary engines of conveyance admitted of no diminu-
tion below broad-wheel waggons, thofe waggons would, in every
refpect,increafe the expence of roads, and the carriage of the vari-

“ ous materials ; and the country could not poffibly be fo commo-
dioufly fupplied as by carts, or even cars. Or had that incom-
parabl& apparatus, the fteam engine, been confined to a two-hundred
horfe power, the innumerable advantages arifing from proportion-
g its powers down to any degree, which fits it to every fituation,
“tould never have been experienced, and the engine itfclf would be
of very little ufe.

A fimilar 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 ; but canals arc
the only things, which I can at prefent recollect, which feem to be
fixed to a certain point; inthis refpect, confequently, they are limi-
ted in their extenfion, imperfect in their principle, and incapable
of effeCtually fpreading the bleflings of water communications by
their prefent mode of conftruétion ; to prove this affertion it is
only neceffary, for a moment, to confider the operation of a
lock.

on viewing the operation of locks, it appears that if they were
conftrudted for fmall boats, fuppefe boats of four tons, the delay gn
pafling would be fo great that an important trade could not be

¢ranfacted, as it requires almoft as much time to pals a fmall
as



22 A TREATISE ON

as a larger boat; for inftance, on # man arriving with fix four-ton
boats (cqual to what is ufualy conveyed in a boat of twenty-five tons)
at a lock conftructed for {mall boats, he would be obliged to fepa-
rate them, and pafs them fingly; which would be an operation of
three minutes at leaft to each boat, together with the time neceffary
for uniting them when paffed through, fay four minutes, amount-
ing in all to twenty-four 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 paffing the fame way. How this would be increafed by thofe
moving the contrary way, may eafily be conceived. Yet the twenty-
five ton boat would move through the fir{t lock in five minutes, at
the utmoft, and paffing through the fucceeding eleven locks with the
fame expedition, would rife to the fummit level in one hour: hencc
the twenty-five ton boat will have an advantage in time of three
hours forty-eight minutes. This calculation, I hope, will fuffici-
ently prove the impropriety of conftructing locks for fmall boats ;
hence fmall and cheap canals cannot be formed on the lock princi-
ple; locks demand large boats, that an important trade may be per-
formed ; and large boats are the eaufe of increafing the expence
of all the other parts of the canal; in tunnels, bridges, aquedutts,
land, refervoirs, digging, &c. &c. which evidently exclude every
diftri¢t which cannot fupport thefe heavy expences, and preclude
every hope of giving to agriculture and commerce the full force of
fo powerful an agent as water conveyance.

But as the true criterion for judging of all improvements, wbere
the objeét is to increafe the produce of labour, 1s the cheapnefs with which
the work may be performed ; that mode which will convey the moft
goods for the leaft money will confequently be the beft, whether by
roads, railways, large or fmall canals, or any other mode. It is

therefore
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therefore neceffary impartially ®nd deliberately to inveftigate this
fubjelt.

First, In proportion as a canal is large the expence on all its
parts will increafe : tunnels, locks, refervoirs, aquedudts, bridges,
land, and digging, are ufually allowed to be one’third more expence
in a canal for forty-ton boats, than in thofe conftructed for boats
of twenty-five tons; twenty-five ton boats, alfo, require a canai of
greater dimenfions 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 objeét therefore is to find the proper me-
dium,

The boat fhould be of fuch a fize as not to exclude any but un-
#fual articles ; for this purpofe I conceive a boat of four tons fuffi-
ciently large; being twenty feet long, four wide, and two feet ten
inches déep; fuch a boat, being larger than the cheft of a wag-
gon, will contain almoft every thing but long timber*, one horfe
conveying ten boats.

Such boats will contain lime, 'lime-ftone, coals, lead, iron ore,
grain, flour, iron ware, pottery, and all bodies ponderous and com-
pact, as well as boats of any fize whatever; they will contain
hogfheads, boxes, and bale goods, not exceeding four feet in width,
which are [eldom of greater dimenfions; each boat will receive fifteen
facks of hops, cotton, or wool; and although the fifteen facks
will not weigh four tons, yet the fame circumftance is attendant
on all other boats, it being impoffible to give the weight of tonnage

® For timaber 1 have made 2 provifion (fee the Defcription of the double-inclined Plane, and
Plate of Parts); planks, and all fcantlings under twenty feee, will go into the boats. b
Y
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by fuch materials : yet a horfe may%ake the greater number of Loats,
in order to make up a weight equal to his ftrength.

Confidering the articles enumerated, and deliberating on the fize,
and weight, of other commodities, I conceive there are few things
excluded ; and the \jueftion is, Whether a company fhould expend
one hundred thoufand pounds inftead of fifty thoufand? Thereby
finking two thoufand five hundred pounds per annum, in order to
accommodate the few things which boats of thefe dimenfions can-
not contain, when, in all probability, the articles accommodated
would not in tonnage produce 100l. per annum.

Thus feeing that moft things may be conveyed in fmall boats,
and fmall boats diminifh the expence of canals ; the next thing
to be confidered is how to pafs them to, and from, the different
levels, or ponds, of which.the canals confift. To perform this,
fee the annexed Plates of Machines. But firft give me'leave to
premife the objets in view :

The fir/t objet is, to conftruct fuch cheap navigations as may
extend into diftriéts which product but a fmall trade: to perform
this, I find it indifpenfagly neceffary to reduce the boats to fmall
dimenfions.

The fecond objelt is, as the trade may increafe, and become of
confequence, it is prudent to provide againft fuch an event, as it
will then be neceffary to perform an important trade on a fmall and
cheap canal. For this purpofe; if we refleCt that the boats may
be multiplied as the trade increafes, and that the canal may be
full of fuch boats from one extremity to the other; confequent-
ly the canal, and boats, are adequate to any quantity of trade
which the moft fanguine imagination can conceive.

But
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But, the principal confideration i§, how to prevent ftagnation
at the machinery; hence it becomes neceflary to conftrutt the
apparatus in fuch a manner that the boats may pafs with the great-
eft poflible expedition ; and this quick transicr is the more nece!lary,
in confequence of dividing the trade into fmall portions of four tons,
each of which muft pafs feparate. Succefs in thefe objeéts will con-
fequently produce fyftem; for, as the canal, though {mall, and
fuited to a fmall trade, 1s alfo adequate to atrade of the firftimpor-
tance, it will be impolitic to form any other than cheap and (inall

navigations; hence the hoats of onc may navigate the other,
whertver canals extend.

A third objet is, by forming them cheap, and fuited to diftriéts
with a fmall trade, it will be the greateit poffible inducement to
“conftruct them. The fubferiber feeling himfelf guarded againft
any material lofs, with every advantage which a larger work could
give *; "thefe circumftances may juftly be expected to extend them
through the remote parts of the country, open its numerous re-
fources, and fpread the produce in every direttion. Whether I
have fucceeded in thefe points, the candid reader will determine.

* Locks are attended with a certain and heavy expence, whatever the trade may chancs
1o be

E AP,
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CHAP IV

ON CUTTING CANALS FOR COASTING VESSELS, RIVER, OR FORTY-
TON BOATS, IN ORDER TO SAVE THE TRANSFER OF CARGO
TO BOATS OF SMALLER DIMENSIONS ¥

T has been a prevailing opinion, and many canals have been
conftructed, and are executing, on the principle, tha tto'tc m
them fufficiently large to reccive coafting veflcls, river, or foity-ton
boats, would produce a confiderable advantage, by faving the
transfer of cargo to fmall veflels.

While there was no alternative but forty or twenty-five ton
boats, there might be fome reafon in fuch a practice, as tie diffe-
rence in conftructing the canals for fuch boats does not appear
to be materially great; but, if we eftimate a canal for a forty, and
then for a four-ton boat, the faving, by adopting the latter, is {o
important as to render the expence of transfer inconfiderable.

In every fituation where a canal is to be formed for forty-ton
boats, one-third of the fum neceffary for that purpofe would pay
the expence of a canal for boats of foar tons . Hence, if a com-

* If it Mould be faid, that it is not fo much in order to fave the transfer of cargo, as
to accommodite things which cannot be conveyed in fmall boats; fee the Calculations on
fuch accommodation in the preceding Chapeer.

+ In thefc calculations, 1take no medium between forty and four-ton boats, for, if the
e:rgo 1t 10 be wsferred, it fhould be 1 the cheapeft poflible conveyance.

pany
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pany are about to expend 300,00dl.* where 100,000l would
anfwer the purpofe, 10,000l. per annum is funk to fave transfer.
It muft be obferved, that in all goods pafling inland from the
coaft, there is only one change of cargo, wsz. to the finall boat ;
when the fmall boat unloads up the country, the expence 1¢ the
fame as if the larger had proceeded to the fame pomt. In all
goods pafling to the rivers, or coaft, onc transfer into the lurge
boat, the firft reception into the fmall boat being the fame as into
the large one. Hence all goods going up the country may be taxed
two-pence per ton, the price of transfer, and the fame on all goods
defeending : 1t mait alfo be confidered, that although a canal may
be conneéted with the river, or occan, the principal part of the
trade will not require transfer, bemg taken up, and depolited,
mn various places on the paffage, without defecending to the river,
or the ocean.

The trade of a canal muft, indeed, have a very material connec-
tion with a river, where there is occifion to transfer five hundred
tons per day; which, at two-pence per ton, ailowing 280 working
days, would amount to 1166l 135. 4d. per annum; yct. to fave
this, the principal of 10,000l. 'per annum 1s funk.

To thofe unacquainted with canal fpeculations, joco,00cl. may appear a great fum ;
but the following wili give him fome idea at the moneys expended in fuch works, of which
the eftimares are

p A Miles Iang.
The Rochdale canal, - O 291,900 313
Ellefme-e dirto, = - = - 400,000 57
Kennet and Avon ditto, - = - 420,000 70
Grand Junélion ditro, - - - 500,000 Yo
Leeds and Liverpool, = - - Boo,000 120

3

t3
v,
<
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By adopting {mall boats, the cldar gain to the company would
be 88331 0s. 8d. per annum, even provided they paid the ex-
pence of transfer ; but 1 conceive this expence will ultimately fall
on the freigliter, or he muft have an admirable alternative, much
fuperior to land-carriage, if the two-pence per ton for transfer
can prevent him ‘fending his goods by the canal; and there-
fore, if the freighter or carrier pays the transfer, the 10,000l
per annum is a clear faving te the company.

This reduces a decifion on the queftion of the adoption of fimall
boats in various fituations, to a very fimple ciiterion. Let the
intereft of the faving made by adopting a {mall canal, inftead of
a large one, be compared with the expence of transfcring cargoes :
keeping this in view, that the expence of transfer will fall on the
freighter or carrier, who can have no alternative to relieve him
from this mode of conveyance ; not even if a large canal ran to
the fame point. No large canal can rival a fmall one, for evident
reafons. Suppofe, for inftance, a large and fmall canal running
fide by fide, the large canal cofting 300,000l (or, in proportion,
three times the expence of the fmall one), and the fmall one 100,000l
one penny per ton per mile, to the {mall canal, would be as good
intereft as three-pence to the larger work ; confequently the fmall
canal company could lower their tonnage, fo as to favour the
freighter, and render the expence of transfer of no confequence ;
they would even grow rich, by lowering the tonnage; which
would draw the-trade from the large canal, and leave it a ftagnate
and ufclefs pool *.

= I do not hefitate to prognofticate the annihilation of lock-canals, by improved
fcience’; in like manner as inprovement on machinery senders the uvld apparatus wfclefs.

The
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The facility and cheapnefs of the fmall canal alfo invites and
encourages connetion from every quarter ; but the difficulty of
conduéting large boats through a country precludes, or at leaft
moft materially limits, their extenfion.

Confidering thefe circumftances, I conceive there are few fitua-
tions which can warrant a canal for large boats; fhort cuts unting
the arms of rivers, or through a flat country to an adjoining
town, where there is no great expence, and much to be gained,
the latter may be advifeable.

Buf, to view internal navigation on the broad fcale of nationzl
improvement, I conceive the river navigations fhould be extended
as far as convenient ; bat, the moment the courfe of the river is
left to dirctt water conveyance towards the interior country, fmall
boats {hould commence.

In the light of national improvement, the produce of labour is
the real wealth of a country; the more the labour will produce,
{fo much more the nation improves. As a man whe improves a
machine, from {pinning one’pound of cotton per day, to fpin
twenty ; in the fame time, and with the fame labour, evidently
obtains his comforts with greater eafe. It is therefore worthy of
remark, that, within little more than three years, the immenf{c fum
of 5,300,000l. has been fubferibed, in order to pay the expence
of conftruéting the various navigations which haye been propofed
within that time: this fum, averaged at soool. per mile, will
execute 1060 miles; yet, to a certainty, 2120 miles might be
formed on the fmall feale for the above fum, adequate, in cvery
part, to the various kinds of irade, and thus give to the nation
the advantage of 1060 miles additional water carriage, the benefits
‘of which would certainly be immente,

Ot
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Of the canals already cut, or m fuch forwardnefs as not to
admit of an alteration, I confider them in the fame view as rivers;
but all futurc works to be guided by the before-mentioned crite-+
rion, of comparing the expence of transfering cargoes, with the
intereft of the moncy faved, by adopting the fmall, inftead of
large boats.

CHAP,
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CHAR "V

OF THE PARTICULAR CONSTRUCTION OF THE BOATS, AND
THEIR APPLICATION TO VARIOUS SI.TUATIONS.

I[ QWEVER novel the formation of the boats may appear, at

firft fight, I hope to be able to exhibit fufficient reafon for
the particular mode of conftruéting them : I therefore beg the
accurae attention of the reader to this part of the combination,
as on this cfpecially T conceive the whole {yftem of fmall canals is

{upported.

I have already affigned reafon for the boats being fmall; I have
alfo hinted at the neceflity of their pafling fpeedily over the machi-
nery : I muft again repeat, and imprefs this confideration, that
the trade being divided nto fmall portions, will, confequently,
create a great number of movements at the machinery; it is there-
fore indifpenfably neceflary, that fuch movements fhould be per-
formed with the greateft poflible expedition, in order that an im-
portant trade may be tranfated.

In deliberating on this part of the operation, 1 found it
would be the means of great lofs of time, if the boats were to
be placed on any kind of carriage, or cradle, for the purpofe of
pafling the plane; that fuch carriage or cradle would alfo prevent
one movemnent on the machinery, which 1s the great mcans of
expedition * ; hence, to prevent lofs of time, and that the boats

The rotarory movement of the leading cluuny, which fhall be particularly deferibed

i the firll machine, .
nnglht
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ufual mode, and ftayed at the cornery; with two knees, or 1ibys,
infide, cxatly above the wheels, and about five feet from the ends,
which will leave ten feet in the centre.

Two keels of fcantling, about fix inches fyuare, and eighteen
inches afunder, muft be laid along the centre of the bottom to
receive the wheels; or if this is not found fufficient, a framing,
of the fame dimenfions as the bottom of the boat, may be con-
ftruéted to receive the wheels, and on this framing the boat may be
built, which will be fufficient to fupport the weight while {he is out
of water.

The wheels, which may be from fix to ten inches in dianieter, are
to be two feet diftance from the extremitics ; and may be caft, asle
and wheel, in one piece, and turned at the thoulders ; or a wrought
iron axlg if neceflary, which axle may move on brafsor iron fleps.

The wheels being thus {mall, and fhort in the axle, will lic clofe
under the bottom of the boat, fccure trom the poflibility of touch-
ing the fides of the canal, or rectiving injury; the keels, or
platform, which compofe the bottom, being cafed with thin board,
will cover every thing but a part of the wheel rim, as reprefented at
A. B. The chains on the end are for the purpofe of hooking the
boat to the leading chains of the inclined plane. In regard to ob-
jeftions which may be fuggefted againft the formation of this boat,
1 conceive only THREE can arife.

Firft, The diameter of the wheels being fmall may occafion fome
additional friction, in paffing the machinery.

Secondly, The poflibility of the wheels being injured.
F Thirdly,
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o be two ;ﬁeet dlﬂ:anc: from the extrcmm:s and may be caffp abire
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Thirdly, The refiftance on the watér, in confequence of the wheels,
and iLape of the boat.

To the fir/t it muft be obferved, That, while the boat is out of
wates, it will ever act on a regular plane of caft iron, and never
be fubject to incqualities, and although the friction will be fome-
thing more in confequence of the finall wheels, yet, as fufficient
power may be obtained to raife her, the friction arifing from their
{fmall diameter will be no confiderable impediment, 3

To the fecond, 1 conceive the wheels are not fubject to reccive
injury, but while the boat is out of water; and, even then,
I do not perceive whercin they are liable to damage; the wear
which enfues by a long courfe of time, only, can affett the
boat in this part; and, to this, it muft be obferved, that fhe will
not undergo fo much hardfhip in paffing two hundred milcs, as a
common waggon in moving one mile on the ufual roads.—
But, cven admitting frequent repairs fhould be neceffary, fmall {lips
may be conftruted at proper fituations, where a man, by a com-
mon windlafs, would draw the boat out of water, and repair her,
with the fame facility as he would remedy a defect in a cart, or a
waggon ; the procefs of dry docks neceflary to large boats, is by
no means required in repairing thefe.

In the shird objeCtion, the refiftance in the water may
appear to arife’ from two caufes; firft, from the projection
of thewheels in fome degree from the bottom; and, fecond, from
the flatnef(s of the boat on the ends. But it muft be obferved, that
boats of this conftruction aredefigned to move flow, confequent- .
ly the refiftance arifing from the particular conftruétion will be

very trifling, and of littde importance, refiftance being tuch
" - more
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more in proportion to thee velosity, than cither fhape or
weight.

To give a general idea of this, it is merely neceffary to remark,
that fhould a man attempt to drive a horfe fixty miles per day, he
could fcarce convey a boat of the lighteft conftruction at that rate;
yet the fame horfe would convey one hundred tons twelve miles per
day with eafe, and arrive at the end of fixty miles in five days;
which is equal to twenty tons pe¥ day moving through the whole

fpace of fixty miles.

This Thope will be fufficient to fhew that refiftance from fhape,
in flow movements, is inconfiderable; alfo, that the true principle
of conveying goods cheap, when expedition is not required, is, to
move flow and take a quantity *; andin this refpeét I fhall now

confider their fuperiority over boats of twenty-five tons,, .-
Secing

To the reader who may wifh to enter more into the abltrad, it may be proper to re-
mark, that 2 body moving in a Auid is refifted from two caufes ; firft, from the cohefion of
the parts of the fluid : for a body in motion feparating the pasts of the fluid wherein it moves
muit overcame the force with which thofe*parts cohefe,

The fecond caufc is, the ingrtia, or ina&tivity, of matter; whercby a certain foree is ye-
quired to move the particles from their place, inorder to fuffer the body to pafs. When the
{ame body moves through the fame fluid with different velocities, the refiltance increafes, in
proportionto the number of particles firuck, inanecqual time, which number is as the fpace
ron through in that time ; iz as the velocity. But further, it increafes in propdrtion to
the force with which the body firikes againft every part; which forcg isalfo as the velocity
of the tody; znd therefore ¥ the velaczty be triple, the refiftance is triple, from a triple
numbér of parts to be removed. It is alfo triple from a ftroke three times fronger againft
every particle; ‘thereforé' the whole refiltance is pine-fold, #. « as the fquare of the velocity ;
hence 4 bedy moving in a fluid s refifled, partly ina ratio to the velocity, and partly ina
duph:au ratio of the velecity.

Mo#. qn.nnn have conﬁdmrl itag = rule, that while the fame body movet in the fame me-.
d.mm, in; slwvays refified in the duplicate pioportion of its velocity ; thatis, if the refifted

I:odymove in one part of its track with t4ree times the velocity with which itmoved in fome
Fz other
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Secing that the true principle is ¢o move flow and take quantity,
in the ufiual trade, it muft be obferved that a twenry-five ton boat is
a limitzd quantity, and more cannot with propricty be applied to
the horfe, confequently he muft refort to fpeed, and combat the
refiftance.

Two twenty-five ton boats cannot be hooked to each other; as
the helm of one will not govern the other, and they are too ponder-
ous to be managed by a boat-hook ; they are alfo fo long that, in
making the bends in the courfe of the canal, they feparate the fluid -
by fide preflure ; the bow of the firft feparates the fluid, for inffance,

other part, then the refiftance of the greater velocity will be nine times the refiltunce of
the leffer ; and ifthe velocity in one place be four times the velocity in another, the refiftance
. of the greater will be fixteen times the refiftance of the lefier, and (0 on, See Chambers on
Metion.

Hence, &s refitance is more in proportion to velocity than weight; if T fuppofe a boat
.and eargo to weigh twenty tons moving at the rate of two miles per hour, fhe will remove
a certain number of particles in that time; if the weight is doubled, twice the number of
particles will be removed, and the refiftance will, in confequence, be double. But, as the
fpeed is not increafed, all the refitance which would arife from increafed velocity, by the
force with which the particles would be ftruck, is avoided ; therefore quantity, to create
refiftance eyual to what {peed produces, is nearly as follows : in which I will fuppofe a horfe
to convey thirty-fix tons at the rate of two miles per hour, and diminifh the quantity as the
ipeed is increaled.

Miies per bowr, Squara of refifance from welocity. Tons
2 4 36
3 9 19
4 16. ' 9
5 25 6
6 36 4

Hence, as nine is to four in refiftance, fo is {ixteen to thirty-fix in quantity; and fo on, in
the fucceeding numbers, the quantity diminifthing as the {peed is increafed; which deter.’
mines, that to convey four tons fix miles per hour, requires as much power as to convey thirty-
fix tons twomiles in the fame time : thus, although the fpeed is but triple, the quantity is re-
duced toone ninth part, vr as fouris to thirty-fix—and fo on in the other numbers,

to
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to the right, 2nd the ftern repelsait to the left; the bow of the fecond
boat brings it to the right again, and then the ftern drives it to the
left; which agitation confequently will retard the motion of both
‘boats: hence, on a canal for twenty-five ton boats, one boat muft
be the allowance of onc horfe; he cannot have more; but muft
endeavour to accomplith quantity by fpeed, mnd encounter the
confequent refiftance.

But of the four-ton boats, ten, fifteen, or twenty, may be linked
toecther, to compofc any weight which 1s thought proper, accor-
ding to time and diftance ; being only twenty feet long they incline
to the bendings of the canal like the links of a chain, and follow
in the wake of each other, being guided by a2 man walking on the
hot fe-path with a boat-hook ; hence, by the fyftem of fmall boats, a
‘horfe may take any quantity, and move with a proportionate
velocity.

From boats of this conftrution, ahother material advantage
arifes to proprietors of colleries, lime, delphs, &c.; frequently aca-
nal may pafs near fuch works ; and yet it is inconvenient, or incon-
fiftent, with the quantity of ‘trade, to extend the water level to the
very fpot ; which circumiftance frequently obliges fuch proprictors to
conftruét rail-ways, and keep waggons, which they muft be at
the expence firft of loading, before they can deliver the commodity
to the boats, and frequently of forming a depofit on the canal banks,
from whence they muft again load into the boats. But.if fuch
works lie above the ¢anal, and not more than fiX hundred yards
diftdnt, fo that a regular defcent could be obtained ; a fingle road
might be, formed," and the boat floating on additional whccls might
be raifed to the pit by the fleam-engine employed in pumping, or
by the mode defcribed by D. in the Plate of Parts.

But if fuch a regular declivity could not be obtained, fuppofing

the afcent was eafy, the boat, on a carriage prepared for the pur-
pole,,
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pofe, might be conveyed tothe works, aa_y where witbin a mile, by
a horfc ; there taking in her cargo, defcend from thence to the canal,
and be immediately ;‘cady for.nav;ga_’_clon‘_

it may alfo be advifcabl(':,. in fome cafes, for the proprictor to ze-
duce his boats to two tons, being twenty feet long, two fect fix inches
wide, and the fame depth ; by placing wheels on thefe boats, of the
fame dimenfions as thofe of four tons, they will pafs the fame
machinery, and navigate wherever canals fo adapted extend ; and the
advantage to the proprietor would be, that fuch narrow boats would
pafls through a tunnel, -not more than three feet fix inches wide and
ninc feet high, wfue‘h may be conftructed {o cheap as to enable him
to drive a water 1ével into the centre of his works *: fo far relates
to the {quare ended, {low mover, and commeon trading boat.

But as various circumfitances may require difpatch, fuch as boats
to market, paffage bogts, or quick communications between trading
towns, where vatuable merchandize may require fpeed ; Figurc the
S/t and fecond, reprefents boats for this purpofe, being conftruéted
thirty feet long, four wide, two fect ten inches deep ; flat at bottom,
with wheels as before mentioned, and fharp at the bow, as fpeed is
required, containing from four to fivetons : in building thefe boats
ftern pofts muft be raifed ahout five feet high- (as in the Plate), to
which the chains are fixed; thus, the chains being raifed will pre-
vent the leading chains of the machinie from prefling on the goods,

_or incommoding paffengers. Of the operation of ﬂmf~boats 1hall
“treat in Chapter the Seventh, on the Syftem of Navigation.

"% Thavennt been ahlc, in time for the'prefs, 10 procare an ‘exal account of the hngr.h of
the various tunnels which extend to his Grace the Duké uPFndg:wa%r‘c anllériesat Worlley ;,
bu.tnm faid theyamount to fixteen miles, which, at6l. perhnul'*y_':_' d9n an averago, ;wgqli,

' colt” 16i,gﬁo! half of which, 84,480l might huve been faved by Employing mm-wr

boats. o s
‘CHAP,
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CHAP. VI

DFVSCRIPTION OF THE SECOND PLATE, EXHIBITING A DOUBLE~IN~-
CLINED PLANE, FOR THE PURPOSE OF PASSING BOATS, AND
THEIR CARGOES, TO, AND FROM, THE DIFFERENT PONLS, OR

LEVELS, IN CANAL NAVIGATION,

AS a thorough intelligence of the principles of this machine will

give a good introduétory idea to the fucceeding apparatus, T
will endeavour to be particular in the defeription of it ; therefore
I hope to be excufed if it appear a little tedious, to thofe who are
familiar with fome of its component parts ; as my wifh is to ex-
plain the principle to thofe perfons who are totally unac-
quainted with the fubjeft, which I know by experience to be
fomewhat difficult; I will therefore firft enumerate the parts which

compofe it,

1/, A double-inclined plane, extending from one pond or Tevel
of canal to the other, and running into each canal about fixty feet,

2d, A pit (or well) in depth equal to the difference between the
levels of the two canals,

- 3dhiA fough from the bottom of the pit, to communicate with

.4#b, A tub, or ciftern, to-move in the pit, into which water is.
~drawn ﬁ-om the, upper canal in order to create a power to put the -
machine in-motion.

5tb,



