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ERRf'TA. 

THE Author~re{jdence beint at :a conf,derable diftance (rom tbe Ptefs, be\ega • 
indulgence for the following Correaions a.nd Additions: 

Pag'l: 3 lille 6, from the bottom, for it rcad Ilrl. 
The Note in thi. Page was written before Sir G. SUUIltlHl" account of the Em::'fTy to 

China WI. publiJlu:d; and at there i. no mention in that work of the Chinere IlflAg tra41.et 
w.ith their lndined plane!l. that idea muft of COlitCe be relin,aifhed. 

Page ",". !all linc. tome I read. tome 4. 
S q. fur olhi:r read IIfill'. 
5. additIOn to the Note. In the inclined plane at Kedey. the een.eral~iJlclinatio. ... 

I wa~ informed by Mr. Reynolds, is nearly u O• and at the cxuctnitiu II '! : befidea w:bid, 
the declivity of the boat WaJ further redueed by a durerenc!: in !.he diamctcn of the wKelt, 
.and .[{o by the frame being raifed higher llbove the axlc~tue-&t chc dc:fcending cod. 

Page 9 line I S. for IIr tr~lIgh read II trQl~gh, ' 
,8 II, for J,lfIl'!ft Iht read huuuj! if,h,. 
lJ 9. for IU i~ read IU tnJjiitraf!¥ II. 
lZ JO, for MXII read QJl;I. 

36 6, in the middlt.column. for ;,fii,. rwl. 'tJlb. 
38 la, for gi",i"l readgivtJl. 
'9 9. fori I. rcad ,I. 
+9 6. for rdJing JtI'W" r<a,d 1'tfiftiltl f"wtr~ 
51- B, (rom bottom. fotjr8itln readjtcutl/. 
is%'' 6. from bottom, for j,,1IW read j"o<w~, 

• 

61 9. (or IIrticle read vdJieJ,. , ' 
73 u, from bottom. for trll,ltJread trllth' "11Ii,,). " 
76 1 S' for gi<uen read gho1i"l; and line 2'1, for ollm" read _. 

To thefe might be added. feveral fman typo&raphic ~mm .. which be.ing Cdk:icndy appa.o 
sent ro~ the reildln to £orred., arc omitted. 

• , 
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• 
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o B S E R V; A l' ION S 

• 
• ON 'f'AIlIOU5 SV,TUn 0,. • 

CANAL N kVIGA T ION . . ' 
• 

, 
CHAP. 1. 

• • 
}IItrotiuSion.- Dderiptt'o1t of 'Various Meam of ()IIJtrcoming Aftmt and 

• 
l)ifcmt;1l Canals and Rivers. 

S EVF.RALages probably tlapfed before the necemti~s of mankind cll~fcd 
[he introduCtion or highways and bridges j thefe would- be: adequate to every 
purpofe, long after thl"y united into nations, and became fiation3ry in their 

• • refidence> as thty would fix themfelves In fuch places where their wants 
could eafily be fuppli~d, or where Ililvigable rivers would lI fford the 
,means of exchanging the produce of their indul1ry. Rur, when illcreafc of 
numbers induced them to fettle in Ids favorable fituadons, alld called forth 
their bodily and mental exer[ionsj [he nect.lliry of reducing the van charge 
o~ difiant conveyaDce of heavy arti<;lcs, would point out the eligibility, and 
eventUAlly the mean~J of obrnining water carriage, in many places where 
rivers had not admim:d it. Thus Canals beg.m their c:xifi:ence, at remote 
period~, if) the po;>ulous countries of China and Egypt i and wue adopted , 
by the Romans in many pam q( their extended empir~, and w~re introduced 
by them, into this iOand, in the fenny country ea.(\: o( the river Trrnr. 
Thofe Caruls were, necdrarily~ on long continoed levds; nnd the com~ 
mufliclltions, either between them or to navigabJe rivers, required land 
carnage. This inconvenience, during the courfe of numerous ages, could 
nOt rail auratling the attention of ingenious, mrn. and, accordingly, they 
devifcd valicus mrans of overcoming afetnt, both in Rivers and Canals. 

A. It, 
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• ER~TA • 

. THE Author~!idence being at a. confldcl'1hle difbnce from the Prer" be be" • 
indulgence fBr the following Corrections and Additi.ons: 

Page 3 line 6. from the bottom. for jJ read MI. , 

The Note in thi. Page was written before Sir G. Staunton', account of the Embatry to 
China wa. ,Publiihed j a.nd .. there II no mention in that work of the Chinc{c \lIAAg cradle. 
with their Inclined plant3, that idea mull of coutCe be rd.i.nq,WJhed. 

Pag. ;. IaU line. tome I read tome t. . 
s J 3. for rdber read "II"' 
S. additIOn to the Note. 1n the inclined plane It Ketley. the gcncral-inc:lina.tioa. " 

I wu informed by Mr. Reynold •• is nearly 22°, and at theextreDUrie'IIY~: bc:fides.whic". 
the declivity of the boat wae further reduced by a diH"erenct in-the diametcn of tbe whcc:lt. 
And alfo by the frame being raifed higher above the axle-tfeC;a,. dc:kcnding cud • 
. Pllge 9 line 15. for W /rollgb,Tead." Jr~lIgh. 

~8 J ' . (or h#llIIft tbl read /Jt(QIl/! ifthl. 
31 9, (or IU N read 0.1 co#itlt:f"lltIJ I~, 
3s 10, for /tXII re).d "fis. 
36 6. in the middle .column. for l,ltio. read tltph. 
38 10, for gi'f.l;"g readgi'llt"l' 
!9 g.forJlread,l. 
+9 6, for ,.,fling J-»U r(ad rtjifii"g /'W"~ 
51 8. from bottom, (o~fiOi." ~fl({U't. 
liz:' 6. from bottom, for fo- read !IWWI. 

• 
• -. 

67 9. [or Ilrt;rkread 'f.Irl!icl,. • 
73 n. from bottom, for tr1ul,iread tr4thi ag";"I. ", ~ 
,6 1 S I fQr {i'f.ltt/ read giwi,,:; and line 21. fof' .,h", read MItr. 

To thefe might be added. feve ra} {roall ty'po&"ruphic tnon, which being ~tly .ppa-o 
l"tJlt (0; the reade.r to &orreCl, arc omitted, " • 

• , 
• • • • • 
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o B S E R V: A X ION S 

• 
• • ON VARIOUS SYSTEMS' OP 

• 

CANAL NkVIGATION . 
• J 

• 

CHAP I. 

I ~ • 

lntroduCiion.-Defcript;o1t oj vaN'ous Meuns %wrcoming AJcl!ll! 011d 
• l)eJcmt;1I Canals and Ri,?crs. 

SEVERAL ages probably t1apfed befo;e the neceRjrics of mankind ca~rt:d 
,the introduction of highways and bridges j there would- be adequate to every. 
purpore) long after they united into nacions, and became fhuionary in their 
rtfide~ce.; ilS they would fix themfelves_ in {ueh places where their wants 
could tafily be fupplied, or where fltlvigable rivers would afford the . 
Incans of exchanging the produce of their indufiry. Rut. when in<;reafc: of 
~umbcrs induced them to fettle in lefs favorable htuations, aud called forth 
their bodily and mental exertions j the neceffity of reducing the van charge ' 
0\ diftant conveyance of heavy articles, would point om the eligibility, and 
eventually th~ means, of obtaining water carriage, in many places where 
rivers had not admitted it. Thus C.anals began their exifience, at remote 
periods, ill the populo?s countries of China and Egypt j and were adopted., 
by the Romans in many parts Qf their extended empire" and ~ere imroduced, 
by lhem, into . this iOand, in the fenny counery eaft o( the river Trent: 
Thore ,Canals. were, necdfarily, on long continued levels; and the com· 
mullications, either between them or to navigable rivers, required land 
carnage. This inconvenience, during the cour[e of numerous ages, could 
not fai l amaCling the attendon of ingenious men j and, accordingly, "they 
.devifcd various means of overcoming aCcent, both in Rivers and CanaJs. 

A ItJ 



• 
( 2 ) 

It; con{eqocntly, is an objetr of importance, to record all [llch pro. 
greffive improvements as lll.ve come [0 the knowlcge of any indtvidual; 
and to .invefiigate every new propofition j as, by amr dircumon, n\any 
plans may be in~oduced.to tbe extent they merit, which might oc'herwife 
lie dormant through prejudice. or the caution requiGce in all grtat under
[akings: and, on the other hand, it may prevent entbufiafm for pJaufihle 
fyftems from m'rOeading, lind carrying away, their followers beyond whilt 
may be ufeful. 

• 
No fyctem eAO ner be 10 perrea, as [0 be unbounded itI the propriety 

of application i and, therefore, the s;pode of ove-reaming afcent and defcent 
by Locks, which is, llndoubtedJy, a noble invention, and a1rnol! generally 
ufeful, is nor. without iJ.s limits, 35 to utility. Having conceded this poinr" 
which every impartial man mufr do; · I fed myfelf more at liberty to 

controvert the opinion thrown OUt by !V1r. Fulton,t in his Trtatife on the 
Improvement of Canals, that Locks will tn furure be fouoo to be ineligi 
ble in ali eafcs, and be [uperf'dtd by fome fyftem f~at h. h .. 
laid down. 

Hi, plan poO"eJfes much ing(nuicy; but, lik( others, is neceO"arily Ii· 
-mired in the propriety of irs applic.acion: and the extent of thofe limits is 
what 1 fhall endea.vour to explain. 

Thofe who adopt any myorice fyfiem on practical fub{ed's, without the 
aid of experience to guide them, are Jiable to be carried away by the warmth 
of their imagination; and are led to apprehend they have attained a foine
thing of univer&.1 application: To thiS alone I can attribute Mr. Fulton's· 
reprobation ofLoclCs~ 10 ufeful (or facilitating internal Navigation, and 
which the experience of three - centuries has' barely brought to perfetlion. 
prc:viouny to the commeDce'!lent of this period, aud clowD to the prerenc 

• The idl Loclc wa. rDppo(cd \0 be erel\cd in the year 1"8~ -GpGD the BI'f'Ilta ail" 
P.clu. Immcdiuely1afterwaTd, the two Cuaals of Milan. bctwCCIl wbi.cb there wu Dearl, . . 
J~t fan, were joited by 1IIW!.S o( 6 Lockt, '1'rail; tkl C ........ Nni,M'-" ,.r M.. " 
L. LaJ" 
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time, the communicatibn between .difFtrent Jevels intetrupttd.- by falf 'or· 
grouIld, by cataraas, or by rapids impraCt:icUlc to haul boats up, or by 
intervening high land, has been eWetted various ways. 

JR:. By port3gt: of the articles from one leve1 to another, and carriage 
'O( the: boat It[d~ as is pcaaired in various parts of North America j (or 
inftance, at the fnlts Qfthe Mohl\wk, the portage from tlt'Jt river to Wood 

Creek, and the (a.lls of the Onandag.l i and ev~n in our own irlilnd at Ihe 
Ifthmm of T'3rbet in the Mull of Cantyre. This mode is alfo praCtifed 
«tween Tarbet on Loch Lomond, and AlTllchar at the head of Loch 
Long i at che Tarbet of Jura, and"at all the other Tar~ts in me Incs and 
Highlands: the word TarbcL is derived from twO Celtic words, imply ing 

• 
the drawing or hauling of a boat; it denotes a low narrow neck of land 
betwe~n two feparnte waterS, or cwo arms of the rame fca or lake • 

• 
zd. By hauling the empty bO:lts up the rapids when di(charged of their 

cargoes; and conveying the latter by bnd. 

3P. By making the rap41s themfelves navigable by conrraCl:ion I and, 
where necc(fary, affixing m3.chin~ry (0 haul up the boats . 

• 
4th. By flopping the water o( a river (or" 'time, and letting it olf" to 

occalion an ar'tificial Hood; as is yet praCtiIed on the Cam and other rivc:rs. 

• 5th, By Ponti lUX. Roul~aux) or inclined planei, with rollers at Jhort: 
diftances, over which, by means or a. water wheel, chc! boats are hove up 
to the ridge repanting the two waters (vi~. a lirde above the level oftbe 
higbell). and is bunched. or regularly let down. to the pool or leYel tbey 
art proceeding to. The boats in this method could not be very long, be· 
aufC', although, in "atcending ordefcending the inclined plane, they might 
bear upon many taDers I yet, in the change of polition from the regular 

.!iDe' of alcent. they muft obviouOy bear upon one roiler, and be liable to 
ftrai • n • 

In 

• The fame iaconYftience mu& atlend the ChineJe method. ",bleb, or hie, is (aid in 
Ioac iAla~. tQ dlKcr only by the ilucrvenrion of a cradle betweeQ the boat lad the rot--

• A a Icn, 
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In "" anonymous · Treatife, <;)lIblil\led in Pari, Hi tnt: r~lr 16931 thil 
mode by rollers is plfn icQ,larly ddcnbed, and f.'lid [1'1 have becn pr:lClif(d 
(or (onw time in HfJlIand, with much (uecc(.) l and that there' was a con
fi ruClion of tn:u kind in the Canal bcrwctn AmllcrdJm and S3rdam. 

6th. The metho(\ recommC' ndcd by Mr. Leach, land (urveyor (in 'his 
Treatir~ on J I1 1~1\d Navigation). who b ys claim to the invcn'ion (In tile 
yrat 1774), of connecting 'long cominucd levd s, by incline.! plane:., which 
hl' propofi:s lO be doub le par lid plant's.i and fu rni fhc:d with rolle rs, on which 
ca ilions capablc of con tainillg wata of fUJ.lcrior weight to a loaded bOlt were 
to mOl'e altcrn:ltC:ly up and down. T he-boat.:; at the bottom leve l were to 
flO:!l over thefe c:1itTons, whi t h, in thei r paOJge up or cll,wn the planes with 
Ihe bOJtS upon them, Were tu he full or empty :lS the circumftahee lfJight 
reqUIre . 

The tOP of this caiiTon is horizonul, :md fu rnilht>d Wilh roUers, fo that 
when it arrives at the ridge, or rllmmit of the inclined lip 

du: highel' warer, the boat m!ly rrom thence be upper 
Canal. 

ith. The (yfiem Iatcl~ iotrOlluced in~his kingdom by Mr. Wil1i;!.m 
Reynolds or KClk y, vi z. that of c<mottling. as io the preceding ioftanee, 
diO'atnt levels of Canals, of great inccryening height, by mbn$ of "0 in. 
elinn\ pllm', widl (\\0 parallel r:til .. ways i up and down which, by the aid 
of :l rOlJc paffing over:.l whed at the head of the plane, boats of 8 tons. 
UUrtl\t'11 ~Itcrn:udy pafs upon carrilg('s, over which thry are OO:lfed at each 
('xtremity u( the fall. The loaded bO:lt (the tr:lde be ing dtfcending) 
oraws up :t light ~nt , Or occarionnUy :l half h.urn one. The firct o ( 
dwfc wOlks was at Ketley in Shropo,ire. The ca rriJge downwuds was 
princip:tll y coab, and about (our huodred tons dJily. 

fer!. Arr..pnling 10 M:lgdh:lens (as qlloted by ndidor, Arc.hi tt t.1. Hydnlll. t. 4. p. 3H & '56) 
~\c Cilincre method W~I 10 h.lu[ the ... c.rrdJ by Ille po.,..,c:r of U pt\a05, or by we iwUlediue 
tlTon (lr 4 or SOO men, up tuntutled channel. \\I\cre the .,..,;.Ier rlIn "itl; greal upidity* 
OInd. W~ cou.6ntd by nI:t{unry . H;: a}{" ddcriuc. the: ury incliue:d pbnn for fmaller bo:tu • 

• <['rlU·,i In M~"u J, ",drt 1,1 RlII,ltm 1I.<;)IIIIUr. Thi. mock i. alfo O'ICGtionW io 
Deli.Jor, Archilea. Hydraul, tom. I . 

The 
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T he bOltS wt"re rC'ctangui:l.r box)!; of w feet in length, 6 feet width . ,and 
nearly 4 feet htighr ; and ont' hode drew firte~n of theLl' , connected to cilodt 
omer by a fe w Jinks of chlin. 

T he chief difficulty in going from n higher to :l lower \cvc:l, without 
~' ane of w:uer. lay in pamng the ridge. or dam. w/rich u:raim. th'~ water 
at tbC' end of the upper level. 1'111) he ove rcame cwo ~~s. 

In the firfl' me thod, which he c:trricd into dfcCl about (c vrn yrars rincc, 
he :lvoidet.l the ::treeor: from the tlp!'t' r levc:l to the ridge holding up (he 
w~[c r, by the mc:lO~ of cwo paraJJcI Lock!. at the he3d of the inclined pl:lne. 
into one of which the: h,r..ien boat floar~d on its carriage; ancl the light boar, 
whe n aft t'ndtd im the ocher, W3S by the: :uJmiffiol\ of water OO:I[('d off. 
T he waler con(\IOlld in [hefe Locks W.1S let into :l fide rc:fcrvuil', :md in 
dry fcafons pumpe(\ back by aile-am cngilw to the oche r level. Mr, Rey
nolds has great mt'ri t in the: invcntiQII of this method. 

The fecond method, as pra8.ifed, at the inclined pl.lnc below the ircm 
bridge at Brofdey) in ShropOli rc, dilfcrs from the (or,Yler in having nO 
Locks, and rhe boats lxi.'l6 elravm upon tlte ridge by a {Ie.un t'ngin!.! . 
whieh alfo occ:.lfio nally draws up the light buat~ , " irhout waiting for the 
bden ones, The boats, as in the: other, ar~ floated \ lP' lO four-whceled 
carriages·, which afcc:nd and defcend .dternately. 

The mCl i~ of Ihis invention, dr, :\l lean, die fi rfi. i~rroduC'ing It infO 

pratl-ice (which was 1 bdieve totally unk nown to Mr. R cynold~) i~ due to 
the I :J,{~ Mr. DJ.vis Dukart. an Engineer in the Sardinian fervict'. who 
{cttlt-d -in Ireland, and became engaged in the: Tyrone collieries . Thde: 
colliaies arc: lefs than a mIle North of Dungannbn, :lOd about three miles 
from (he colliery bafon, at the h~~d of a C"nal afcending by eight Locks 

• 

. .. A leadin~ feature ordiErert'(lce of elfc:lt ~twC'c:n thefe two metbexh, ii, that the former i, 
~pplie.able to fleC:i>C,f defcenu 20d l onger ~"; bC:Cllu(e the frame of the atriase m~y at iu 
dc::feending end be d ented (rom d,e: indined flane: to any U leRI; whic.h if dOne (0 con(j

dc:rably, ill the latt~t method. would dip the oppOfw: e:nd of the b«It in ceming in or 
toing out Q! 1he upper Caw. 

from 
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-In 1ft anonymous· Treatife) opllblil\1,ed in Paris ' in the -rear 1693, this 
mode by r~llers is partic\IJarly dtfcribtd, and {aid. to ha~e been praafftd 
(or fume" rime in Holland. with much [uccefs. and that there was' a cQn~ 

firuClion of that kind in the Canal between Amfierd<lm and Sardam. 

6th. The method recommended by Mr. Leach, land furvcyor (in his 
Tre~tife on Jnl~Rd Navigation). who lays claim to the in ... en~ion, (i,B the 
yrar J 774). of connc[ting "long continued leve-Is, by inclined piapC'!s. which . 
he propares to be' double parnlld pla'nc's j and fumilhed with rollers, on which 
cai1Tons capable of containing water of fuperior weight to a loaded boot were 
to move alternately up and down. The.boat3 at the bottom level were to 

float over thefe caiffons, whit'h, in [heir paRage up or down the plann ... ith 

the boats upon them, were ' to be fuJI or empty as the circumfiahce G)ight 
fe-quire. 

The cop of this caiffon is horizontal, and furn~{hed with .rollers, · fa that 
when it arrives at th~ ridge, or fummit of the inc;lined plantJlill!e.ning up 

the higher water, the: boot may from the-nee be launch~t: upp~r 

Canal. 

;th. The fyn-em la'tdY introduced 't\~his kingdom by Mr. William 
Reynolds of Ketley, viz. that , of con~eaing, as in the preceding inltanc('~ 
diffaent levels of Canals, of great intervening height, by mta!SS;Of iIln ine 

elined plane, with two paralld rail-way,; up and down which, by the aid 
of a rope paffing over a wheel at ·the head oLthe plane, ,boati of 8 tons. 

burthen alternately pals upon 'carriages, "over which they arc 8oa.r~a at eacn 
extremity of the faU. The loaded boot (-the trade being defcend.ing) 
draws up a light I;oa't. or ,occaliollally a half laden one. 'The 6rft of 

[h~fl.!. works was at Kedt'y in Shropihire. · rh, Carriage dOWDwa~q~ ~aa. 
. pnnclp:1~ly cO,a}:;. and about four hu~dr(d tons daily: ' " 

ten. AC"4'rdillg to Magtlh;tens (u quoted by Belidor. Architftl. Hydraol, to. 4· p. SB & 3Sti) 
we Cbi"e(e D)elhod w;as to hll.ul the nlrds by-~ po~eJ' of c..pftan ... OJ' by '~c · i.Quncdia~" 
,,(fort of .. or $00 men. lip conlncled ch.1nnda " where, tl;l! ""Iller r~a with great n~y .. 
l6n4 "w;auon6ned by JI:Iuonry. He &1(1) dc:ftribt. the dry incliacd"planumr fmUcor boau. , , . 

• '{",.IIi,; I" Mf.}('fI1 " ,min In Riwirrn _vil.6/" TAu ~t' .M aI!~ !"iaUoaed in 
lelilolor. Alchitea. H,dflUl, 10m. I. 
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The,boot!: were reCtangular box$~ of Ul fc:et in length, 6 feet wid,th, .and 

nearly 4 feet height; ann one harre drew fifee,n of them, conneCted to each 
other by a few .links of chain. 

"The chief difficulty in going (rom a higher to a lower level. without 
walle of water, lay in paning rhe ridge, or dam, wmch retains tht: water 
at [be end of the upper lc::,veJ. Thii. he overcame cwo "iQl)'s. 

In the fjra: mechod, which' he carried into cff'c& about [even years fince, 
he avoided the afcent from the upper level to the ridge holding up the 
water, by the means of two paralJel Locks at the head o( the inclined plane. 
intQ one of which the laden boat Aoac('d on its carriage j and tht light boat, 
when af!:ended into the ot,her, was by the aumiffion of water floatt:d off. 
The water confumcd in thefe Locks was let into a fide refervOlr. and in 
dry (carons pumped. back by a Hearn engine to (he othe r level. Mr. Rey. 
nolds bas great merit in the inventiqn of (his metho~. 

The fecond method. as prad:i(ed, at the inclined plane below the iron 
bridge at Braf, ley. in Shropfhirc. differs from the former in having no 
Locks, and che boats i.Jcing drawn upon the ridge by a fleam engine ; 
which 011(0 occationally draws up the light boats) without waiting for the 
laden 0fles • . The boars. as in the other, ar, fioatc:d upon four-wheeled 
carriages· which afcend and dcfcend alternately. 

The melit of this inventjon. ,or,. at kalt. the lirft i~tr~ducing It II1tO 

pradice'O" Cwhich was I believe totally unknown, to Mr. Reynolds) i~ due to 
(he Ja{~ Mr. Davis Dukart., ~ . Engineer in the Sardini.1n fc::r.yice, ~ho 
fc::~('d'in Ire.land, .at"ld became engaged in the' Tyrone collieries. There 
c:ollic:r:cs an:. lefs than a mile North of DungannOn, and about three 'miles 
from the c~olliery bafon. at the head of a CJnal a[cending by eight Locks. 

, • ~ I~din§ feature;.or ~ereCite ~(eKeft between thefe'two method~, i~, that the former is 
apphcaMe tb itupcr defc~lJ andlODgerhts I becaore the frame of lbecarriolge mlly at iu 
deken.d.Urg na he ·(llev.ted ~ /rom the inclined plane to any exteDt I which if done ro cOllfi. 
dcrably, in thc · r.t.t~r method. would dip tbe oppoflte eud of tbe beat in coming in ' or 
roiac Q1rC ,Gf dw apfIft"~aua1, 

from 
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~rm'N ~he river Blackwater, near il6jbpt\ion with Lot1gll Neagh. The rife 
from the baron (0 the col1ierf'I was littl e thort 0( 200 fetc ; and ant'r.
tempting, very improperly for the parricul:tr infb,nce, to conqurr ths greit 
arce nt 1n thar Jhort fpace, by continuing the Lock Navigation j and find ing 

the (urns granted by Government filr Ih:lt purpoft: inadequate to the d~

fign; he twned. his attention to fmall bO:lt5~ and inclined plants, o(\vhich. 
he conUruEted Ih~., cotmcti:ed by narrow Canals. The falls were (eventt. 
fixey, and fifty-fi ve fcte, Which 13ft termina~ed abom JS feet above toe 
colliery baron; from which by a (hort railway, his boats, 'agAin floating 

D,Vcr a carriage, were drawn onwards to the wh:lrf. where the railway was 

fupporred on geers, or fram.es, and the boats were turned ovrr to difch~ 
their cargoes. , They wt:re calculated to carry, each, a [on of the mrafure 
the coals were fold b}', viz, (ahout '27 cwt.) which they did at lefs'than 18 

inches draugh~ forthat his Canal might be c'vc:ry where fordable j and~ 

accorcJingly. no bridges were erected on it. 

The boats were fiae bOltomed, and upright at the fides and ends: their 

wic.lth wu 4! feet, their hc::ight !2 fe et 6 inches, and 10 feet llraight fide: 

one end was f-luare, and the other pointed, fo as to form a right angle, ae 
the ftem; and they went, as in all fi l~l ilar cafes, a number of them chained 
after each other. 

His firO: attempt differed from ,the u Pones au;x RoulfOaux" in ' no .Other 
refpeEt: than havis:Jg a double"''P:3fi'age down his inclined planes; fa that, 
by means of a rope leading ~ver: a· ~, his loaded boars ,drew up his 

light ones :-bUt finding var\out inconvenience. from fome. of the. ropers 
not turning. -"n~ from the individual inequality of the diamt:tcr~ of othcn 
throwing his boats to one fide, al well u from other caufe.; bt fuggrfted 
and put in ufe. the m~thoo nOw praCtiCed au. the banks of the Scnrn,ol 
having a cradle or fi 'ame with four wheels, brought under his boats; UPOD 
~liicb~ ov~r a double iailway, they ~lterm[e)y afcended; the Cole diKcren,ce 
~twee~ tb,e two met!.ods being in ,the fl&e ,of his bQ~s i .d, ~tJ in p~' 
of a ftt"am "'&inc, he made ufc of a bo!, ~n to dra" bia~ts-upon ~ 
ridge terminating the upper leveL • ' ~ 

Thia 
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This· work was executed a lirtle.prit)r~o tht" )'(' ~ r 1777; but, excepting 
in paO'ing a few boats by way of [rial, nothi'lg more was done, as , Mr. 
Dukart could not obtain money to comph:te [()me erthe intervening h:vels. 
and died Coon after the time mentioned .• The . works wert' then cmirdy 
1,.jd aride i &nd, a few yea~ (inee, a common rail road, cu:ting oj}" a con· 
fiderable portion of the diftance. has with propriety been adopted in thrir 

fica<!. 

8th. The method fugge-fled by the Earl of Stanhope in 1793. \'12 . the 
conneCting differt nt levels of Canal by iron nil-roads of a gradual and cary 
afcent; up and down which [mall boats were to pars fufpended between a 
pair of wheels of :l.bout 6 fett diamete; . • 

9th. The following invention, which ii likewife afcribed to his LordIhip • 
• rz. (he paffing of 'boats, up or down an inclined plane, on rol1cors moving 
with the boats fo r"half their length, in which fpace the boats wouhl pafs over 
them. "The roUers are then to return to [heir placeS" i by means or weights 
Baing over pulleys. and connected by a chain to the ends of each roller. 
This method, undoubtedly, would be attended with conficlerable t'xpcno:e 
in the execmion; but has the ~rit of geuing qUit ,ofttle friB:ron of roUers 
moving on gudgeons. It mutt however pl.lffds the other inconveniences of 
the u Ponts aux Roolcaux." The moll: material of thefe are thal che 
boah mull: rell" on a rlOglc roller in the "convex p~r[ of the- rOil!.d; unlcfs aU 
convaity' be avoided by having a lock at the head of [~ inclined plal'c; 
in which eifc the aCcent muO: be very gentle or the boat be ihort: or high 
at the ends, to enable he;r to float from'her redud pofition~ If the way 
be vcry fteep, a fran:u: for the boat to rcet. OD, and raifcd 'at the lower end, 
would be requifite • 

. 
A method of uring moving roHers attached to ruch a (rame h':'" been fug

,~ftecl by Mr. FultOn. He propoks to connect them, by the gudgeons ac' 
their end. pafl"ini through an endlc:fs chain, or collar,. and thus rtluming 
the rollets ))ycr me frame, but under the boac. 
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By the former mc-woo. the frarf'J~, 0(.bo3[, mull- rr~quently rdl only on 
two rollers; but In this rh('y rw ny be as clore to' earh other as rtquifite: and 
by having: in place or one fer, a fet of rollers on earh (ide, this methdd 
(with a regula r declivity of plane and locks:it the he:!d of it) is capable of 

being drfied into cffeEt for boats of any magnitude fUltable for paffmg on 
inclined plan!:s. 

Joth. The method puLlifhed by Dr. Anderfon of Edinburgh, in H Th!:". 
Ge ntral View of tn:': Agriculrure and Rural (Econo~y of me County of 
Aberdeen. for [he year 1794." 

The DOCl.:Of. there, obf::-rves th :!t. for :l.1I tltt purport's of commrrcC', no 
more width of boat is reql1i fire than four fc:et; or more than two or three 
li.-ct depth; and that the length migh t be indeflnitt fo ~s not t n be incon. 

veniem fur aCtenrling aml deCctnding between any t~o Irvds of Canal; , 
which he propures to be done in the following mannt:r, viz, that the 
lowl:r leve l be run up to nC:l r'y under the end of the upprr. and terminate 
uy ;m upright c:nd, an~ two fide W:.ills of mafonry, ,[<1 the full hcight of che 

fall; with a pie r in the middle. Jividing ~hc:: palt)gt between the two fide 
W;11I5, into two openings of rather greater width than the: boat: [he two 

ends of this pie r are to be elevated (0 as to (unain the axis of a -wheel of ,a 
(1i;lI1lC~ter ("qual [0 the width of the pier, and half of each opening • • : A 
chain pafling over the wheel; fuCpt"nds, fro~, c:ach end, a reCtangular cafe , 
/0 hlJnf1' [hat when one !hall be at the bottom ready for a boat to Roat o · " 
inw; tAe other ihall ~ at tht: :op. and clofe prdfed to rhe wall or frame at 

Ihe end of the Canal, fa as to prevent the efci~ of water,: then, by ope.n
Lng ;\ Ih)p.gate at- the cod of either Canill, and another at the correfponding 
rnd of !.hI: care, it is !.bvious 'that the boat may float in or out. The lower 
boat and cafe (or .cafc: with water only) are 'th'tn in a kind of Lock,. jl1Q 

containing the.cafe. and of fufficient depth to permit it t,o d,efcend to the 
kvd of the..Jowcr Canal. From this Loek th~re ' .is a. cond~juo keep the. 
water down ~low the Canal bottom ~ . 

, 
Thefc are the oudines of th~ invention; which, where the con1)etlion 

between the two Itveb is a precipice, or fo fteep as. to require only a !bore 
tunnel 



tunnel to the well, or pit, up or do!"n w~h the boats are to moYe. may, 
on receiving fuch improvements as it is capafle of, be (',,:f'ily auri~d into 
dr~?t for (mall boa.ts; for which alone rbe author propores it. 

l.t is obvious thllt, under other circumfia!1'ce's as to fitml:tion, the ex

penctS of high embankments abovt. of dee p linki ng below, and of 
. bringing up the conduit to lay dry the lower locks, mul\ Ihore tha;, coun
tcrbaiance any advantage that can be derived from it, 

J uh. MelTrs. ·Rowlahd and Pickering'S plan bf enabling grtat bO:1ts to 
a(cend and defcend with inconfi~erablc wafl:e of water . • This conlins in 
having. at the head of the lower level of Canal, a pit funk as much below 

the bottom of it,: as the difference of heigh t betwt:e.n the two levels, added 
to the depth of a cove-red cai(J'on of requifitc m'-gnitude. This cailTon, 
when immerfed in the water, wilh which the pit is filled to thc:1evel oHhe • 
bottom of the Canal, is to fupport, pn wooden or iron pillars of h(igilt 
equal to the fall between the two levels, 'or trough or cradle, with gates or 
dr.lw doors ~t each end; containing a fumcienr' dt'"pth or w.1.ta, to which 

th~ floating power of the caiifon muft then be in equilibria I and, confe
q1Jmdy, capable of moving with cafe between the top :I.nd bottom of the 

pit. 

·When the furface of the water of the cradle is level with eithcr of the · 
Canals, 3Da the end of it dafed againft the framiog of the gate r>f the 
CanaJ, ,~y (cr:ew1, or oeh'er mew j and rhe water Itt .in to 611 the vacancy 

·betwe.cn the gate of the cradJe and thae Qf the Canal, rhC'f both m .. y thcn 
be opened, and a boat be admitted. or pafs out. 

Excepting what may, if necdf:u-y, be ufed {or regulating the equipoife 
u~ cha.ngc of motion ; the intermediate water betwctn the gate of each 
ky~l and mat of the cradle, is aU [h·at is confumed; and with draw doors to 
~·cRdJe and fmgli 'gues to J!ach level, as already premifcd, the quantiry 
mUll I>e ';Uy rx;v;a1..· ThC .weight of water difpl3ced by Inc bulk of the 

. pinan (utiuptl the .c::.radI.cJ need,not ,be m3tcrial j" ~nd, where requificc,. it 
is propOfcd . to ~ counterbalanced by weights atting on a fpiral wheel. 

B T hiJ 
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T~is plnn, which pom:JTes ingcl\l.Jity. "and is applicable in many infiancesjo . . . 
is now carried into executio~ on tbe EJlefmere Canal, Jl(ar Ituabon in Den. 
bighlhire ; on a faU of I ~ feet, and for boats of 70 feet length, and [e.en 
feet width; and the whole is moved up and down ~y a rack and pinion to
wards each end of the machint'o 

MelTrs. Rowht.f\d and Pickering's invention alro emnds' to another prin
ciple; that of counterbalancing the cradle containing the boat by weight; 
which, if carried to the perfection it is capable of, will in high- falls have de
cided :u:lvantagcs. 

11th. Mr. Weldon's Caiffon Lock, or Diving ChcA:, in which boats with 
their cargoes are [0 defcend, to a conlidcrable depth, doWn a pi( or well • 
and afterwards paiS by a runnel into a lower Canal: and to arcend in a 
fimilar manner. 

This method is now carrying into effect: on the Somerfetlhire Coal Ca
nal at Monlton Comb near Bath, on a fall of about 45 fur, and for boats 
or 72 feet length, and feven fee t width. 

The cailTon, or cheft, is cylindric,; and, in this lnRance, of fuffident 
ftrength to bear the prdJ'ure of a column of water 54 fett, or upwards; to 
which it il {ubjeCted, when oppoficc -the lower level, on account of the -ne
cemey of its being covered when oppofcd to the entrance o( the upper leveL 
It is fo balanced that .... hen it ·has rufficit:nt Water within it to float a boac, it 
i. of tJ:te fame (peeifie grnity u the medium it Roats in: and, like an air ' 
baUoon, it aftemis or defccnds by a flight Inc~afe, Of diminution of its re
lative gravity J wbich, in this machine, is done by railing OUCj or admitting 
an .inconliderable quantity of water. Tilt pit, in which the .diving chell: 
moves, haa. opponte each levd of Canal, a tunAel or opening elared with , 
gates. and is fo much highe"than the upptr Canal IS to contl;in a lieight 
of wattr ~ft fufficic:nt t as already mentioned, to covet lhe caUToR w~n· 
oppolitc the uppt"r level •. In rhis't or in its lower potirion, when run cl.rc 
to. and abutting ~gainft, 'the entrance, it is retained by the wuer 'being let 
out of the Chore part of the tUMd between the sa,e& 0( the level, and th.e 

<nd 
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tnd of the calfi'an. Ie is then held there by the prdTure of the column.of 
water intervening between the furfuce of the "pit and chat of the Canal to 
which it is oppofi::d. The g ates of the 1cvd nnd Canl l are then opt ned, 
and the boat gOes in or Out. and, on the gates being ;lgain elored. and the 
water let into the vacancy, the diving cheft- is ready to proceed 10 'the 

other leveL 

This [cherne polfdks much originality, and milY often be ufcfully ap
plied: It an(the preceding one arc fec ur~d [0 ebeir refpcCtive inventon; 
by patents .; the"refare I fitaU refrain from giving my fentiments on the ft
paratc advancagc:s of each. and from pointing out the inftances in which 
cithcnnight have the prden:nce of the other. In general, all methods of 
afcendin3 and defcenrling which fave water, where the want of it (or other 
purpofes, whether (or giving motion to machinery, or the irrigation of 
land~ would be grelVer than the advantage Ihe navigation would obtain by 
the u(c or it. mull: dearly be fa (ar beneficial to the community. -

13th. The Jail method· introduced to the public, is the on~ which has 
principally occafioned this E{fay, v·iz. Mr. Fulton's wheel boa.t .. j which. 
whtn applied to incliued planes, he looks upon as paramount to all other 
mode-so The novelty or this method c()nftfts principally in having t wheels 
affixed to. or underneath. his boats, and in the defcending .and afcending 
boats each keeping their proper tra.ck J and not mal! ing alternately in 
oppofite diret'tio~sJ as in the method prachfed at DUl"Jgannon anct Coal
brook Dale. and as recommended by Mr, I...t:ach and Dr. Anderfon. His 

'boats, he obkrves, may b~ of a J'tCl:angular (arm. and from 2; to 4:t feet 
wide. Thofe of tbe lattcr width which he particularly defcribes, he re
commends to be :10 feet long. and 'l feec 10 inches deep i and propofe • 

• A Treaiire 08 the lmpronmenc of C~l Navigation. wibitiag r.be ftWllftOUJ ad"a •• 

aget 19 bf; dcriYed from Cmall Canal" ito. lrith '7 plate •• 1196. 
,- t . Tky are more properly t ...... ·yiz. wheela between whofe clia.etcr. and that of their 
adt. tHre u liw.; difparicy. apd coafCqllCDtly their frltlion great; at &.Ifo it tbrir inabiliry 

to (utWIDJIt""7 .cafld,l o~le. 
" ' 

B • them 
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them [0 carry (our tons cae-h. He Cal's thty may be rc compared or 3 inch 
U 'dt'al, boltt"d and [crewed in {te pfllifl mode~. and flaytri at the com~l'$ .. 
" wi th tWO kners or ribs fofide, exacdy above tnc=: wheds, Q~d ab"u~ $. 
.. her from (he ends, whith will leave 10 fC('t in th~ centre," Under the 
br:~t's bottom. he propofes ,two pair of wheels of from 6 to 10 inches dia
metr' r j the ade and pair ofwheds to be,or'one p iece. and turn on brafs 
or irori'Collars. , Each pair of wbeds nrc to crc;ad only two ftct, fo as to :bc 
pnfe:t ly clear of the flut's !>f the Cana): and, to prevent any 'impedtment 
from their axle-trtes, they are to be cafcd over with thin plank. for.nifig 
a falCe hartem from onc axis to the otber. A boat fuch ai .defcribed will 
(c:xcJufivt: of the rrame under the bottom, which 1 than admit to Ao~ the 
whetl.!;) be l.:qu;jl to · a folid n;afs of fir timber of {h~ Itng~h and width of 
the boa'J and 8 inches in depth; and, :l.lIawing for the iron work, will 
draw :lt leaCt G inches when light, exclu(lve of the wheels. and wi'th 4 tons 
bare wdghl (allowing in rouOlI numbc:rs 36 cubic fc:et ofwattr to be a ton) 
will draw:1 feet 3~ inches. 

Thefe boats then with wheels fix inches below their bottoms, will draw 
2. feet 9 inches water: and as there fhould always be :l or 3 inches to (pare, 
their draught will be too great for· (ords ; therefore: bridgta cannar. be 
difpenfcd with. He prapafes, vC'ry properly, that the canal, fhould be 
every where wide enough for boats to pars each other j which, of courk, 
will be 3 or 4 (eet more than their joint width or botto~ j as, olbe~wife, 
the fidel! of the Canal would be cut down by their Ibarp angles I 'Which, 
even chen, cannot be:: efi"e~uany avoided • 

• Tile forO. {MuM be.aD payed, &ad il'che boau'il\ piD£' over the-. 1b000d toDdt. thaW 
..... h~~u would help thcJd rOIl.. but it woald. Dot be: adyUcablc, .. one .boac tboWddraw (eye-. 

nl boata. to fubmit to din inCODYCllierlC:e. 

A fix. inch wh«lI 1000k opee. .. of at too!m&l.l a diuDtler, but at, by .lpiki., • pierce 
01 bot.rd ill1a1cdiuc.ly ern:, the wheels. they JJU1 be let nearfr or qaiu tMougb' &lui hoUOID, 
aM. • wger diameter be admiucd; I lhaU ooly .cld. 6 iaeA" below the bottti.. wllicl 
fP.ce ii reC!cifiu: to prevent \he accdwy (lItVctW'e of We utrcmiUa at me n.i1wal &o'QCA.. . ini: ~ -bQar.. ' . 
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The depth below the water line ,cannot, with propriety, be IcCs than 
J (cd 6 inches, to make proper allo'ltance ror filcing up: and 9 feet width 
of bottom, is the lean. it can be, to admit of tae free pafi"age o( thelC up
right fidc:d boats. 

Thefe dimen~onl arc below what Mr. Fulton has informed me he 
propofed! and I have purpojely I.ffumed them to {hew tbat the compuifonJo 
in th~ next cha.ptcr, is nOt calculated to depreciate ~e {yftem he has 
brought fOIWard. 

CHAP. 
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CHAP. II. 

On the camparafivt Expmce of forming narrow Canals with inclined 
Planes, ond 'widt Canals with L ocks ; J1ating alfo their rrJPellitvt 

AJwntagcs,' ,and comparing th, ConJumption if Water by . Mr. 

Fulton's Plan, with what is reljltifitt for Loch. 

As the great di(parity of expence is a leading argument, with Mr. Fulton, 
againfr the Lock Syfiem of Navig;ltion ; I fuall, before 1 proceed, lhew 
how far that fyftem ought to be followed. or rejefred, (or me one he has 
Kcommt'nded; and endeavour [0 prove, that in general inftances, the 
difpariry of expcn~ is not nearly fa great as he has ftattd. For this pur ... 
pore, I Will co,ln'pare his phn with a navigation for ~ to 60 ton boats, of 
60 or 70 feet length, 14 feet width. and 4 feet 6 or ... feet 9 inches draught 
of w:m:r i a fuitable Canal (or which would ~ of 24 feet width of bottom. 
and 6 fert depth of water j which · would afford room, every where, (or 
two boats topafsJ as their fdtion would not be: angular, but curved. , The 
di.!grams I, 2, 3, 4, and I, 5. 6, 7, figurt 1. plait I. (admitting the 
napes to be what they moft generally are, viz. 18 inches bafe for every 
foot in height)" will fhew the: profile of nch Canal, at what is cermtd 
level cuning, viz. where the level of the ground is equal to the furface of 
the water. 

The {econd comparative diagrams, viz. Il, h, (, :1, 3, tI, I, f, and 
., b, c. 5, 6, g. h, *, Ihew what they wilJ be at 5 feet CJ:traordinary 
finking ; allowing, at :1 ftee above the water, 9 feet offset N1 the towing 
path Gdt; and a bam of J feet on the oth~, to prevent earth tumbling 
into the Canal . 'The diagrams a, 9 and 8" lo ' i~ the fame figure, thew' 
IO,feet estra finking. . 

Thefe diagrams will be more or lefs ncu the truth, &Cc,?rding to the 
teDacity of the' foil, and other circumftances; but 1 haTe cakcn ,them at 

the 
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the general run of the foils of the nl~igatiens of this country j whit-h, a-l
though ... hen firfl cur, they will ftand fterper, ""ill gen~raHy crumhle down 
to 16 or 18 incht's bare, to a foot in height. at which nope. 100ft: foil will 
nand when not agitated by waeer. 

The fucceeding comparative cliagrams, in figu~t '2, p1a.t( I. thew the 
embankments of one fide of each Canal, whert' t,he filrfact:: of the ground is 
2T feet, 6 feet .. and [0 feet under the [urface of thl:: water. The line a II 
is the middle orehe fmall ciloal. and d elhat of the greater, allowing :hem 
'to continue of the fame width as when: their channels ha\'c to be cx.cav;urd. 

They are g~nerally wider in ~mblnkmenrJ particula rly in thure of {mall 
hf'igh~; which. fa far, would operate againft the {mall canals. 

There {even pofitioos of comparifon <l.re what will commonly occur, ex
• clufive of greater difficulties (which will aill more equaliz.e the f)'fiems) 

and for that caufe I have affuFDed chern. 

At a given diA:ance (rain the' fi.lmmits of mountains towards the low 
gro,!nds of the v.lUeys, a regular traB: may be foundJ where, without ·much 
curvature, a. line of level cutting may be uninterruptedly carried. 

The fall~J in thefe countries, are confe:quently great .. ; and mine.TaIs the 
almoft fole articks of carriage. 

, The fides of the mountains are alfo frequC'ndy too fieC'p, and the: foil tOO 

fballow, to admit of'wide Canals without great expence. cherdore. under 
thefe predicaments, inclined planes and fmall boats Me moft eligible: but. 
on the general ele'Vations through which lines of Canal run, the CO\1ntry is 
Oretn crolfl;d tranfvcrftly to, the courfe of the fmaller riven J and the fur
face of the ground n('cefruily undulates> fo that no tontinued line of kvd 
finkjng ,c~ be obtained. without immenfe • circuity, viz. without curving 

• Acconiift, to Mr. Leac.h', acc.oUftt (in Page <4-7, of the .ad. cdition of hi, ","orb) tbe 
di.ta:nce from Bude Hutn, in, thc BrUlol Channd, II> the navigable part of the Tamer faJ ~ 
Iiu, into tliit ltoctDh Cbnuel, is 110 mort than 211 miltl in a dirtll line : but, by the count 
necdfary to be taken ic the fCYerd iftltrvcniDg valle)" in order to prtft'rvc 'he level, the 

1iDc: wu c~ "' Ipwania of 80 miIc:,. . 
to 
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to the brow of t'l'ery fwellin3 point. of land, and rrtvruing up every 9:!le, 
until the proper h'vd be rEgained; wh;¢h. in itfdf, iii fo obvioufly :.Ib(urd, 
that no furt1\tr rc:afoning is reqwfite co "fhew the nett·rJj'cy of frcquen~ l~ in. 

curring a Ruaua~ion of mOtt: th an ' 10 f('!~t above and btlo~ the line. I 

JjH>:lk not of the vlles of great rivers, which I allow may be p :dfed by in
clined planes, dtfcending to th.c= valley ond rifing on ~he oppo(i ,e fide: "but 
were this to be Unne on every ravin<~ Ihat is to bl:' pdf~d, tht incony,enience 
would be great indl!t'd: and. chi.::refol'c, many embankments muil oc~ur far 

beyond what I have !tated; and .l fhall now proceed to their compar'ative 
cnminalion. 

In the firfi: Itatemrnt, or kvel cutting, the comp&rl'l~ive } 
fetHoPis and conrt'quendy thl' quantity of earch ar~, 

At the depth of 5 feet ~Xtr:l. linking, 
At to (ert do. ": 
Surface of ground· 2 feet 6 inches under water line, 

Do. . 6 feet do. 

Do, 10 feet do. 

4 ~" 
c"na/. 

50 

20. 

49' 
fO; 

,87 
577 

60 7't:." 
en,"d. 

'98 

48, 
864 
.07 
.87 
'583 

From whence jt fonows, ' th3~ un4~ the firn- predicament of level cutting. 
the. quantity of tl~ [mall Canal is "[cared)'" more than t 'one fourth of the ' 
gre3ter: that, in the fecond inftance, it advances to more th~' (our ninths, 
and, ill ,lbe third, to. nearly four feve,nt~s .. ftill approaching ~earc:r, a~ the 
c:.ureing. becolu:s deeper. And.u ~he embankment, when even fo' tNvi;J 

. '" "i::t -
as 2. feet 6 inche$, and thence d0'l!~W3rds .co above 6 fc:~" is tqtiil' in 

" , 

<6 The b:lnb ate cCilJlucd at only 10 feet 'width' each i and one foot ~ iusight "lbon 
the flll'face ohhe Water.; lU1d. wltbout a1loWlncc tW fu~DU. . 

, , 

t 'J( flO puddling -tQ keep in the watet ~.'C rcqui&tc th~ ~Dte woJd be lef, than a 
"uarter I bcc:lufe Ihe 'whole 'might be call 01lt: but a. the pDdc!.ling (which. in u., kiter 
','ana.! woo.ld. be twke at coaly a. lbe eXQ"atiOll~' woeW b. · ... ' J1 ... tbt (we,e' GI' . '&in 
ud bottom.. the d.i(~riIY 'lll'ould ~ (0 fat ,~acod in what _,.:,-q.a·e;jwl4liDt. ',~_, .. 
general proportion of (l~pcrtte lDI.y .. ad. u r,bc; qlWlUty o(e.ru .. tioo. CH' atG .~. 

both 
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both Canals; at 10 feet nearly t~ f~eJ and, afterwards, not elTenti~11 
-in favour of the fmall onesJ until the embankments become very high: 
it may fairly be concluded, ' that in the comm~n run ~f navigable lines, fuch 
as defcribrd, the expeoce of cutting the Canal for four-ton boats would be 
half that of a Canal for 50 or 60 tons. 

z~. T~e expence of fencing and grovel1ing the trac~-way will be the 
fame in both. 

3d. The next expence I ihall confider is the land, the quantity of 
which will be precifdy the (arne as to the towing paths, the lIopes of the 
banks above water, and lhe outward nope of the embankments, the {ole 
raving ~ing in the reduction of the water line: and taking the average in a 
f;lvourabl~ ftatement for the [mall canal, the land requirtd will be ,three 
fifths of the larger •• 

4th. Brooks mull be patred under the· (maH cnnd in common with tho 
large ones j and as the expence of the ends of the culverts would be equal 
in both c;l.(es i the oo!>' (aving. unlefs fome excnation under low embank· 
m~nts, would be in their diffr-tl!'ncc:: of length •• hich. in the higher em· 
bankments, would be on'ly the difference of the width of wa~r, viz. ~2'r 

feet j and, under low embankments • ..where the culv.ert would require: to 
be as high a5 the depth of wattr in the fllaUow Canal would admit, the 
raving in length would be 30 feet. viz. (he difference of wiurh of W2tU 

added to the redutlion of the width of the embankment on the leveJ of the 
culvert. If, in this inftance. the culvert under the deep Canal he either 
fyphon formed, or nife4 at the upfheam end. the difparity ofJength would 
be . ~ef, i 'but the difference of excavation in favour of the fmall Canal ha.s 

• Dr. ~on peopclU to fave the e~ace ,of moll ·of tht ·culvert •• by briaJing the 
1e:R'e:r Jin&lf:tI inCQ hi., ~,CanW. and paffinc them over plved.ovus.ow. oppoite to the 
iD}cu; bat thW (c:heme~' bcudt. inevitAbly 'filling hil CaIW .. idl r ... d and gravel. would U, 
1'*'.fIooIM render u. impaa:.ble. aDd overAow the regulu height or the banka. and alro 
WOGld linn be .g~ \0 by thefe poICBing mill property 00 the IIrea.IN into .. hic:b tJw:fe _low. . 

c alro 
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alfo to be tlken into account. TIll(: faving, upon all average, will be . . .. 
nearly one third; and, affuming it as ruch, the (Xp~cce of culverts vnder 
the (maU Canal will be tw~-thirds of what would be required under the 
other. 

5th. The Iltxt point of confideration is bridges, which, in common' 
with the others,- will require towing paths; and. therefore, ollght not 'to 
be lefs than 10 fecoc [pan. and mufl' be of fufficienr height to let 'the fiorfes 
pars under. A boat of 14 feet beam (viz. 10 feet wider than the fmall 
ones) will require a bridge· of 20 or 21 feet rpan. The wing walls. and' 
towing paths, will be common to them bo:h; and the foundation and pa· 
rapers being taken into account. th~ bridge will. in the {mailer infiancc, 
average about four-fifths of the greater;, but as a reduCtion in htight will 
diminifh. the thicknc:!S of the walls, the whole expence may come to about 

one half. 

6th. In the general run of countries, ruch as I have defcribed, the fall i~ 
often fo extremely progreffive that, even where water is in ruth abundance 

as to induce' the parties to build double loeka whetevcr the fall ad· 
min, they are frcquenLlf neceffitated to builil loCks 'of moderate fall; to 
avoid a long cmb~nkmcnt on the one. hand, and Ii continuation of deep 
cutting on the other •. Under this, predicament, they would be equatty C9n

ftraincd to have inclined planes: ' of fmall fall, with aU the apparatuS·¢at 
would be requifi.te for great ~nes . Th,e -raving, therefore, could not be 
more than one third; but, on an • average, I fuppofe it would bC fuUyone 
half, and tmdcr thefe prein;fe,; ';".1 the fUPP-"fition of th~, fame ~V.~. of, 

" , , , 

, 
• In fitu&tioll. prOperly cl:tcoalAnttd for (aWl Cud ... cl uu:lliI.ed pl&Ae • • of.aaat flU. 

1 will Idmi,t the clifpuify to be: fou.r to <me ih hvoIU of the former. u to I~at UlG.dc.i.ent .. 
1 .. ~y'u.1bc .r" lid oal, CODSlcWUf. ~ aWfe'oCW(y4cm. ' .' 

. ' 

proporti .... '" 
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proportionate expenc:e in paRing valleys, -I will now proceed to a {ummllry 
of the general comparifon. 

G,n/raJ Ir~pfrtj,tr.. 
Fro,. 
tiMol + 7,,,; 60 :rill 
pn/or., 

ItolJ· 
(AIID/. tAIIII/. 

1ft. Cutting, viz. Sinking and embanking, • I 
, , 

2-d. Fencing and gravelling the trackways, 0 , I 

3d. Land, 
, 

3 5 T 

4th. CulvC!rts, &c. • • 3 T 

5th. B.;pg"" • I • T 

6th. Defccnt and afcent, • I • T 

From there. dc::dultions· it fonows the favings in fuch inftances as I have 
premifed, will be very conGdcrably lcfs than one half by adopt~ng the. Na~ 
vigation, defcribed by Mr. Fulton, for four-ton boats, in place of thofe of 
60 tons. I will call the raving two-fifths; artd then proceed to examine 
what mull be Licrificcd (or that acquifition. 

lit The carriage, in a ¥ery confidcrable degree, of all articles that will 
take damage by being Wet t : becaufe the narrow boats of .0 feet length, 

reLling 

r~ tl:ln(l~b ,through hills ,he Caving' would gellcrally be abcut three·r~ ;' bat lW i' 
DO' t.i.lcen inm account. becaure. where any conlid.e,.bJe portion of a NaYirti01l mull: he 
{ubcerrancouJ, that circ.wnftancc "iU de:maad rome reduCtion o{ wid.d!. aceotdu1 with t.Ae 
extent of it. tht_distulty of ueeutioD, and the objcfu of punDit. 

t UIIIitt. thit dekriplioll mui be included graiD. the dilf prod\Q of tIM Ind I Lb. 
c&Jier ~ of ~\torm. the general induUIIle1l1 for laodcd ,PJ"OJIriI:toti to eDCOU,1.ge 
eaw.. From thit ~: and the creation of dcmaad for iII~ "...taa. of the e.utll 
.tbp: nlhl odter"iJCf lie donDut. aDd from the conveyance oflime for manure to p.,ts that 
co.u . "etbe.nrife cdJYobtaia.ir. the J.udcd iaterdl: reu1n. ntOre bendit from intenaal 
N'uiaatio. ~ u." ad"lIttlJ'm who iDeor \he charge of the work_, and nm the. riJ'qll.e of. 
dleir failure of ruro.ble fac£e{., .• hicA altb.oulA dllbio". to 1:hc lauer, taO never be {g 

,to the,lud-crncr; &I, by JaQDS of CuaU. diJlaat alld. wUavoanblii fil"atioAt ~ UDd.r 
C 2. replar 
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relliltg on twO traofvene lines oYII:r thi.w;hecbJ 1'Ould, with heavy cugoes, 
be very liable to thain, fo at to become leaky: and admitting they had ; a 
raired ceiling, which they muft have for the carriage of dry goods, -the 
water from the change of (lOfitian of the boat, on. afcendin& and de(cending 
the inclined· planes, will ,run to the extr(:micies, and be dallied about ,0 as 
to damage the goods; unItfs the ceiling were raifed at the ends, iQ .as 
greatly to reduce ti.e (towa~e of tlu: boats. 

2d. When boats, on the different- levels, are committed to the care of 
dilfucnCmen, it will be impoffible to fix under whore charge the damage 
happened, un1efs it became a rule to examine the boats at every place of 
change of men, which would be attended with too much delay. 

3d. From the fame cauks, and the boats having no decks, it will be 
difficult to prevent pilferage of liquors :md .~mall. arcichiS. 

4th. Whenever the' wind blew {hong, the boats would be liable to take 
in water ovor their gunwales, notwithl1:anding th~ir tarpaulins, unlefS, they 
were battoned and nailed down as in Ihips hatchways: and, in enry qofs 
rtach; the ffri~g of boau would blQW afhore without a man to ev~ry boat 
to keep· them. off, which would be far too expenfive.. At Ketley) they had 
rails projecting into the Canal, on &he convex points, to keep the OOa&$ .in 
their reguJar courfe, which enabled them to go forward in moderate wca
ther; but to na,vigatt', in any ft,rength 0[. wind, they would, if even they 
had rail$ ~he way, requirt the. aid of men to enable boats ,that were going 
oppofitt wa}"l.to part each other. Or, otherwile, they muihrack thrir boau 
with fuch {~ a. to ~ep them off'the (bore, and confequcotly have very 
few to a harre. 

I'tIDW coJtivatiol1, and advaDtle or rent. far beyolld what could othfrwife be thle.: Th.' 
frequertt oppofl1.ion from that '1utner. Ind the 'fupport 'that {uciJ oppoUcioft IIlC'Cti with. 
clearly fb~ .... , th;u gentledICD of kndtd ,interell do not in general {ee tlW advantage ill. the.
}i&:bt in which 1 have defcribrd it: the fame OPpOJitiODI ,llt1l informed, exi.Itqt 00 ~ irft 
iD.trod~D. ortiinpikt· ~01lJIJ the YIII\l~ of.bleb hal Dow been {l.ISci=tly urcritricc4, 
alld the: (Qpui,r adYatiscl of Ca'nah c&DDOt fail bciA&:'. II ,ge'llUi.rlr bon.: . 

In 
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[n modera~ weather, it would bt:' difficult for a hone to drag a line· of 
them '1 00 feet long, viz. 10 boats as propofe4 by Mr. ~ulcon. The fee. 
tion of water oppofc:d is but [mall J but the form of the ends of the velfcls is 
that which gives the greatdt refo1U.nce j and they are often repeated, which 
mu(t product II confidcl11ble effeCt, although one veffel follaws 1n the wake 

'of another. Furtht:r C3.ufes of refiftancc win arife from the line of boats 
• frequently forming a zigzag, and from their vaft furface expofed to the 

water. The whole of the dfetls combined art nOt rcduceable to calcula
.ticn, and muft depend on experience. 

Sth. Packs of hemp and wool, bales of cotton, facks of hops, crates of 
earthen ware and of glafs, oak bark, bavins, &c. &c. would lie too high, fa 
as to ov~rtum the boats, unlefs iron, lead, blocks of tin, or other pondel'. 
ous articles, were carried at the fame time; without which, thefe boats 
would not carry htlf their tonnage of light goods in any package j the 
Staffordfhire fquare-feB:ioned boats of feven (eet width, will fddom flow, 
without becoming top heavy, more than two-fifths oE the weight they can 
c~rry) at a lefs proponionate depth than the boats ~n quellion mul} be 
Jottsled to, to carry fnur tons. 

In addition to the anicles already mentioned, thefe boats cannot , ,rry 
cither long or crooked -timber j the former, if of fir, may be Boated : 
but the lattcr, if "of heavy wood, will fink, and cannot eamy be mana
ged. Ncither would there boats be very fuicahle for the convc:yanl.t~ of 
quiclt-lime, nor would they carry (becaufe of (hti~ foon " overturning) 
nearly their tonnage of wh('at in (acks, and ftill ·ltfs of rye, barley, oats and 
malt: I, howc"ver, do not mean to infer that the"y will not carry the fe-latter 
"artkle\ at aU j bur only that the quantities will be Ids, nearly in the ratio 
of their fpeci6c gravities J which deficiency in tonnage may, in {orne in
ftanoes» be compenfated by reduCt-ion of taU. This wiCkh of boat is, how
ncr, what cannot be recommended for general purpOres: . ' 
, 'Tho, &.Gad boats of '4'f«1 will nearly carry .their full tonn,se o( l;ght 
~~ whiCh·cifcumftance ames from" two caufe".: the one is their form 
(as weB as th~ir width) which occafiolll their metacentre, or point below 

which 
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which the join[ weight of boat arJd ca~o may lie without overturning, to 
be higher than in the other i>oats -; and the other is, that they are funk, 
when Jaden, [0 a m.uch Ids proportion of their width : belides which. ",hen 
their draught of water is indefinite (as will further appear (rom the next 
chapter) (he quantiry of light articles that can be carried by boats of diffe
rent widths, but of fimilar form and length. will be as the {quarts of thdir 

• widths j therefore,- n boat of four feet width, in place of carrying half as 
much as a fimilar Dnc of eight feet, will only carry a fourth, iI.[hough of 
the fame length; and but a. ninth .of oae of twelve: feet width. 

6th. The rranslhipping of articles umoves the rerpantibility, and. as 
bOlts are freqUC'ntIy wanttd to navigate both canals and rilters, which 
cannot be .done by "the (mall boats, that degree of re'fpon1ibilitY muft be 
loft, and the charge and ~e1ay of translhipping be incurred. 

7th. The: faving in point of reduction of Canal dues, would not, in ar· 
tides of merch.tndize~ be equivalent to the ,inconveniences defcribed. 

Having now mentioned my objetlionl to tbe; lJniverrality of the fyftdn 
~tommended by Mr. Fulton, I JbaU proceed to notice the cafes,wherein I 
think it eligible, the fb:ps 1 think n~ceff'ary to its perfeCl:ion, and the means 
of n harmonizing the fyftem o( internal navigation ilO which wiU not c:ol1filt: 
in the annihilation of Lock. CanaLS .5 he bas ventured to prognofti~te, 
but in rendering the modes of conveyancejn ihem all, as far : as poffibJe, 
confonant to each !her. P'reviQus.to this, I thall"make fomc robfervatioos 
on the r:onfumption of w.ater. ' In ·Lock. there il this inconvsnienoe, Flat,: 
whether 'the ,boats ifGCod or ~fct'nd" be light Qr lacko, they 'tonfiztMs OD 

an ."crage, a Lock .. fuJl of water,i for, although in going dOWnWard., they 
fave. a quantity equal to. the weig~t of the boat and ' cargo if ia4en, or of 
the boat alone if,ligiu:, in confc:quencc.Qf the .bul:k of ~ ,immcrfed .nart 

• CaaoN, ufed OD tU Am'el1icaa and. other ftven~ b«.yU~ of the ~ form of ~ 
uuC.erl.~. nny their ~, hiaher ~&n fq~ ~ of.6aDilar wWII:, 
&lid are tb.ueforc C&p.~ of f;0I!0~' 'Wac Itb,ibtr&da "tobII:ct .... Of otW arGClft, 
,..i~h {I&kcy. . . 

of 
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of the· bOlt bdng expelled from th;" chamber. on the boat's entering from 
the upper levd; this is perfeCtJy counterbaljnced by the rc:vC'Me taking 
place in the afcending boats, on their quitting the chamber to enter the 
upper 1evd I confequcntlYJ C'xcJulive of leakage, which in well fitted gores 
i! vuy inconfidcrablc, we may cftimate a boac to conrume a lockfUI in 
pamng any extent to or from the fummir. Wherever water is fcarcc, it 
is common not to exceed eight fetc falls, and to have: ~o double Locks. 
The next con!ideration is the dt'pth of water in · the Canal j for the greater 
the clep.tli. the tonn:lgcJ contained in any given width and length of boat,. 
wiJI be the more increared. 

I" will alfume the depth of Canal! have heretofore compired the rmall 
ones with, viz. 6 kee, which will a110w of boats of upwards v( 4- (eet S 
inches draught. Thefe boats, when light. need not draw fa much as 15 
or: J6 inches wate., which ·will allow 3 feet 4 inches to be funk by the 
cargo. If the boats and locks be proportioned to each other, as in all 
cafes of want of water they ought to be, the area of that portion of their 
height fhouJd be at leal1: equal to thrr.e-fourths of the area of an equal height 
of the Lock, confequently, in this infianceJ 2 feet 6 inches height of the 
LOck (viz~ thrte-fourths of J (el":[ 4 inches), will be equal to the weight of 
the cargo. Therefore, in a lin 0{8 feet, the confumption of wate::r would 
only be J ~ times the weight of the articles that would be pa(fcd. u~ or 
down, in place of the difproportion he • fpeaks of, viz. 133 t?ns of wnter 
for paffing 25 tons of goods, inO:cad of 80 t tons (which. as above:: fi:!red, 
Jh""ld produte that effi:ct). 

, . 
Wlw:re rial': defc;:e~ding trade .. dod not bring up the afcending, he [up.

~I$s thal. ,by h,:. own fyftem, the weight of water confllmed will be t twice . 
t The above clearly rtlates to .. ~ge only one way; but, if .. boat paf, a fummit!, 

the Com.ptiOD of water will be ~witl! ,11 much i uDlefs anor.hc:r boat pars down with the 
'faa»c I~~ fOrmer rofc ~ And ifbollL'l paf, and flJpaf, .. flllllmit. l:ulco ont w;ar 
ODJ.y~ ~. : w.l.:te:r n:qu~te , WOIaId. be Ilft{Jy 11 time. tbe fti&ht of the gOOlb conveyed: bllt 
thd'c tS\rcme 'qrc.!lm,?Dl'O.'ar. Dn'1t ~iued co take place wherever waCtr i. f~arte •. 

t III ~ ~". ID/K.il more,' Vide Fvkon, JIIgc 79. 
!hac 
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• 
th,at of the tonn.ge. And ever~ vallet he- pair ... by the double inclined 
-plifJ\c (defcribed in chaptert:xj,) de(,enoing on one fide of the valley. ~ 
[,ffing on [he other to that or any other' level wiU. of courre; repeat the: 
preceding. confumption. fo that the w.a:e of wa~r may become IS 'confi~ 

drrable as by the Lock fyftem, panicularly if the method invented by !\fr. 
Dubie, · in'. the 'laft cconuy. ahd defcribc:d by • Bdidor, be (put itfPl;'aaiqc. 
3~ may. in .fom~ ~w C'afes, be -eligibk; viz. ·thc!drawjng oft" the uppc:r half 
of the height ohhe LoCk'into a -fide rd'ervoir, -and the .remainder into the 
.Iower kvel J ,fa that. · in roe,fillln! ' the Lock, the Jowcr.:,hIlf<fD.a{ bt .6Ued 
from the refervoir. and t ·hilf only be'drawn f,om me. .pond ... or leftl abcm:. 
Or, nearly the whole "Warer· may ' be fa·ved by;-the, Udtl:l ,dtf"cribed,-in_ die 
11th and I~th article. of the preceding" chapter. " . 

Mr. Fulton bas ftattd ,feoven lb!nuttS ... f.l«}ui61O ,~n .',~ ~,.:bJck.t' 
which in fome ,inibncci it tbe' cafe; but, 'Where fufficiQf'lt water,"" 'i. ph 
to the fluices, and expeditious means of opening them adopted, .. ~ 
Lock maybe .filkdor e"",tied in two min"" •• and & boat ,paae,fthrough 
(indufi vc of the ,fil~ng) iii w.c minUlti. :"ltich deg<'<c 'ofexpetliti9nis 
re~uifite 'whel'tVer pafrage ·boata are 1Ui ob~.' ~ 

• Architea. Hyc1ru1. t; .... p .... p. ' .. ' 
t Tiii. 81.Y ofkn be eligible in~. ~r two 0, more &lb, as I rere"oi~ ~ bc'CiVm 

to uc~, 'Thc,fuOdivjfion of heilhtOfj dwllber, ~T be: c:mnc1ec1 to ~ OS' ~~. (0 U 

t"'rHlltc the 'qQ&'II:ut}" MtrfiinMrf; b1at' if ",0111.» eoilDtCt'l6e4 ' by lti:I ~ of~
pen". :aMI 'u,.,delay m pdin, :o. Lock)' ~ 'lriJ1!ilie 6.inr_ :" 'iII die ~ 
tioo .r d>o_l><, or ............... ,~ oi .... ..... .u.. "',~.~~ of ti!'!' ,~;' , 
which w~, ~ ~re or k[. ~ordiDJ to Wi: p!Oporti.!'n&te ~&,lIit\&4"C:'< T •. ~. ~,~ .~ 
hy I4'r. Dubie, ... Ladr.: ·,oho feft 4Dt 91; 'iM .~.\:IfYprCJ. wu.tolllft W='.a;.l6oIIs 
for admiBion of tla wa_~ ' " . 
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CHAP. Ill. 

cyis '"'pcrt Ikjl/ttl/l , ~Yfl" •• f N4Vig4lio~ is tligi6lt--'Ulilh j.",t . ' 

Pr0p0j4ls,for it, Imprfl'JJ<lIIlnt. 

THE fyftem of fmaU Canals ' is particularly eligible in aU countries 
wtrc:r.: · Hmertonc, cod, iron' ()I'I(J lead, and other ponderous ~rricl~s not 
Uabat 'to 'd.Jmage from being wet, or likely to be ftolen, :uc the: objctts 
~1 w'be .artendcd to; and where the regular declivity of rh(' country 
run,/" trln(vcrfely. to the courfe of the .Canal: which. will gener~lIr IX' th'e 
cafe along the fidel of mmmtaini, at IA elevation above ' the irregubr ground 
It their fett." · 

. .Iii ~ fiNltio"s, the great #alb, 'or inclined planes, may be made at 
the .; fOrks of ri .. en, fo !that' the upper levels may branch up both the 
nits, and thus gift the molt extended communicati'on. A fituation fuitcd 
-b- thor~ anlb' will 9mn' lIfo be (~und ih countries that arc not abfo!utely 
rnownainoDl, 'bat "here eM ground regularly declines towiU'ds Ute vaJes or 
large ri.ct>. 

.. 
. Bridgel, ~wtiCthtt o(high 'fOIO, or rX communication bct"«ea divided 
p~;. 1i:Xm .. ri\~· eft"eMiaI trticle of expencc:, ' and may be . coafiderably 
aiIoidtlI'in do< fmall fyaem. ThO only , thi<i~ m~itaring againa it; in the 
w~ _ ~ iJ. the' ·great projea~on of ~eir wheels below the ~ttomJ 
"[!pcb; rc'nd<i'o fonli' ,unpraSiCabIe: Thc fOro. ought .Ot 10 «=d two 
(Cet, o~ ~bi:t ,~i as, ~lwi[e, hay, lheaves"of com, &c . . in com
mo~ cart.I, ... ~. be liable to, get ... 1. The depth might &I ... y. be O<lrJy 
u.nnqrm. l·hom the· ~rds being paved, and o'f.crfiows immediately atljuin
~ ~w. to a1lo~ .. fqJ: cafuaJ flutl:uation, migh~ be~:f1Ked at ' two (eet fix 
-t+ ~tboft the pavement of-the foro.: then, in plaec of coaununication
~,~,OpIf ,beca<ccll'ary tp for ... paotd rood obliqu<ly down 
the baik 01\ oM fide, ciolJihg thC Cand in the fame direllion, and floping 

o up 
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!'P )he; eppollte bank. In _1Ib'1~da;" "~;'er , tI!!o ,1leepne1i of,d!e 
grouIId does DO' pf<ftr¢, ~' d, r.,.,. and ofcen, .... y-1Je ,q>o~retangd!ar. 
to tbc line,of CaM!, or ill me di .. &iQn of the ,mid, melf: in::r"bich~. 
tbt ....." ,wouIcI ...... d:elgh' or ten ,,..!!da on each CHIc ••• admit "o£ '. ,'~~ 
per nope 'ID ,the,,....s., 1o,grnr big. roach it w.odd 'be, r<,Quir. .. ,IO, have 
bridge •• ' lti . ~oor.iquendr. bea>mei 11ft ~e¢t of ,-,*pUon II> ,,~ 
.heir opeJl<e,by 'Ii2.vi,,!' IlO_ing·p"~ .!>derthem. and,~.he (.~ lime 
n.t'tolnrmuptthe resuJot'tnoking,of the'bo&D: ,Thi" OIl<! "'_'Y be,' ef. 
retted br • mnde fomowilat fimilar~ ,'0, w~ q-lIfed IU """, ,~aII ••• l'el> 
through OIl< of the b ..... at a_ma ...... ~ eich.,' ,jlriking ,~ 

malls orinlm'Uptiog the lOot 'pa~. which "clQlI: "'. rai\i!>& .... 
Nrniog back. fmlO leaf ii\ ,lbo'""",,,, of ~,bri!Ite of,~. ~,or:, 
eighteen inehct opening. which opening w ,~n .~:",.itI;·'''i:l'~' 
YeaH. mail: pofI.<s.hrOllghi..Themode. .1atlriIi:.dil{eil\W .jol»< ... 
being no nectmr, for ueutqlleaf. , .. ,w brid&<, .... y.eoiI64'.j{i)'o obui. 
"",n'a. jnti 'lO far afundcr ,U CO afI'oiU"rOo'" enough lOr "cbt b9iU> ""po&. 
and of .... 0 permaaeot kn .. propqi, ~I<d. wich ~ ,iocli; .... ,a 'Adf 
"P'ning ......... n che edfl<:5 of ,them. gua!JI(d , wit~ F<N<kd iron. -T,hia 
I>p(niog Would be.o i~", 1Otb<~MIl~~ 4t1!t"'P"-(Pa1>
peely guided Pr. ludiog pica of ..-,I' or irqn) .. oIIid ',p."" l'itIIo!o: 'i ... 
[<"opt;' ... ' If the ,c: .. be defianed ijr '-"r .rtic!ot,Ooly, via, -for the 
ure of parcic~ c6JLlerit"a,.l:imeworks, Of ·mines i then, thc~ ~ 'Would 
be of ,little char" •• anh,y mijht be low-' if paB'a~.bo' .. bo in ';'D
.... ~ !N, ......,.f.t,,~ ,-.lcbbo,Iuc:b, , 1IJd -~, """e'~ of 
wVith,'t4' that'Cbo ibill&''''~ ''_~, ...i it ,;.oaJd.:.la ... 
1UcIi '~' bc '~Io';~' 6(idg .. w!t~ ,;o.,;.;~ ~ i.tet_~ 

• ~ ~"ftilj;",,~ ~,.. .. -. _,.,j.,;, Jhe~ii' io Co ~,,, 
Qau..llt'dI . .;..ue;t .U,".'.aileG c~ heipi ~:;i, .... a ""~~ '.r .~_ 
~~")I~.~''''' .~ elii~; aDd..bftc .~,~~ '~~'. 'wbcc\.bo& - may 
~oW'UJ.;.",,!- .r" :~~~ ...w,atJ;a;·" "' .. ~t IJt ~'ua~,Utoioach ........ /~~~~~. _ .'~tJI(~coa~.r ",'.,.,.'..,aIWo"a""......- ' ' ,, ' , -" ' 
~' , -.; .; ,;:.:' •..• . .' ~ .: .-i. . . . _. ~ .. . __ ••.•• _ • .. . , . '. ' 

_t T¥o_~",",~-_~~"" .... """!",, ..... '.,,. •• ".-....... ' .. 
-,. ' " ,co '-,~',_,., """~ • .r~'bo>~""""''',¥<,o4,~,_ 
............ ~-.. ·-_,tb "",,,, ", ~., 'r ..... '-'.'::.r.", ' ' , " . , ,' ,' 

, ~....-:'~:."~ ~~....-O' _~~~ 

roado, 
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, td.d •• .,Iim, 'the" cOuld ill ~ diJPenre4>..."h , 'and \010&0;1101' bd""e~ 
admitted. the fi'<quelit1ofp.lfage ·wOiJ!d intvtuP' ihe trade'of'll<.Canal. 
TheCe Canals undoittit&Uy·.<tmit of patrag. and market boa" to'def<!end or 
af~d t"e, inelin~ lptinei~ c]Je u(lMl way on carriages .... itJi'an; · ....... 

, i~ <*pelIttioi"'*ydt>a:what'can be had ",l1e' ... 11"1 Lodes in",,,upt'i"-.iJ,.,iI. 
arrornft:ance'(c'Cninfettilllttces; in thore ·" boat" ,ij\e incltt1geftience a"(jAg: 
fro", 'their CmaOrit li. rtirTpeCi" of Canal. iIfo; obYlo.;oy admits of ralU.· 
of fir "mber biJflg rohveyedy'lIS ,de(ctibod 'by, Me. Ftdton.j bu, it mult he 
admiUcll • • hai;"4ey. " '9d\ IS ·the /h'1'p.anglcd boGIi, :'ill ,rapidly 'tar 
,doWn dIe-&iiili.I,(jr;"'" CW!. Co· ... ' ,o"ftD up ,the bot,om' ,iId.re ~ 
qoentorepairif) Froito .m.t"h .. beerL (aid, it , b«omeo ... ~<I: r,o de"",.,. 
,'* ~t,*ihe;bo;ato, 'fo tbOt 'hey /hill not d"" mo",orith their wbc:els 
.lith W, •• 'i'fOUr1nches, and, .Ifo, ,harthe diameter ai <he whed, lhuuld 
lfc .~~iittl~\/ :~cd, bod. 'm -avoid cxotfs of &itlion, and, tQ ove.tome 
dfii:t •• ~: ob!l3d. 'U;;Clftg<i.ther ~gr.vel. pice .. ofRone. or ... y,o,her 
i,,~n ... n.; .. 1ying .. f"aIl, OIl the .railway, 'or , from <he junCtion of each 
~'of"iIoiL' " it ia likewif. roq'JIi!i"'; 'wt the boau, to avoid !lroinirig. · 
be: Jliqn.r t I and. to p"'"".t~ir too ,e.Uly ovcrtilming with a1moll ani 
tlling 'but:.m~;,diatthey .... fomewhat broodcr.:,Thefef'u1'pOfel,wiU 'aU 
!oe·· ... f ... red br-a 'tri.itJ , a1t~ra.ion o(their form • ..mch flhall ~ 
to'dd<ribe, .after pmnltlftg',1hat I propofc their "idlh to· lit _ ku IIwI 
fOIl< ft~',lix inchci: 
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.1.1:. I propare tht'ir whuls,to I;e 1 ~ vr 14 inche~ diametef, . and onlr to. 
projetl tW() inchc:. below th~ ~ctom. thefe wh,cls muft, necdfarily, be, 
{hd(~reJ by the (jdes, IlOt only to avoid fhiking ~lgain1t toe: b:Ulks) but 
that tbe boats may not enta.ngle with each other.-( Yidt Piatt II). 

Thispurpok might have beeneffHlt:dby m eans more fimple than fuewn if} 
the plan, &c. wert'it pot fur 'c1lt: nectffity of attending to the: vertical curvature

of the railway, which will projt:C't upwards, altern~tely, between the wheeh, 
or towards the ends of the boats. The part of the boat below the wheel's. 
axis, altbough contraCted 6 inches in width. on each fide, as fil. 3. will· 
not only add conriderably to the burthen, but afford the means. of prefc:rving. 
tht cargo from being injured . by leakage: becaufe the ceiling of the , boat" 

b.:ing necdTarily raift:d above: the thwart timbers, and 3" confidetable fpace 
kfc betwten the ceiling and bottom plank. 

2r1, The incrrafed Willtl\ of the boat from 4 feet to 4 fr.e r 6 inches, will 
add both to the burthen and fiabiJity of 'he boat, without any fenfible dif

fcrt'net of expt"llcc in tilt" Canal, as one foot more width, which require$.. 
only a vertical fea.ion of that ,width, will afford the necelfar:y increafe of 

fpace ~ aUow (he boors to ~js eac~ other, and the incrcart: of excavation" 
of the Canal i"s comparatively nothbg, bt:caufe the fides 3re common to" 
all widehs of'" the fame dep,h;, from which caufe, excepting wh~rc fubterra
neous,nllv;gation is requifitC", there are no fufficient advantages arifing from 

a very limited width; and, ~veD under that, predicament. if there. "be any 
material length of carriage. eidl(r under ground, or fubfequently, h wiU 
be tligible to keep. at leafl:, to the width I have mentjom:d~ . " 

, The boars in " the .D~ke of Bridgewater's works ~t \Vorney, where (here 
are fubterraneous Canals on different le~ds) arc of this widen. There 3J:'C 

fome cart""~" in filort fubterraneous Canals where + feet or 1efs width of boat 
m:.y anfwet the purporC', ]t may be frt-quemly fa with iron, or ~other ores, 
and rometimes with coals, w~en rent" forward in the [mall carves or box!:s.-" 
in whic~ they <ITt: brought from tje face !>f tht mine i as, in this inftance .. 
,be boot would only be laden to a [mal, depth, Wld the cargo not fie fo. 
higb. as to c:ndangtr its overnirning. 

3d. Ii 
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f'tl, l nc/Ut. 

3d. 1£ the boats be from 3 to ... ril1lrs a\ long as they art'1 
broad. their draught of water, when light. may pc _ 0 

Projetlion of wheels .bdow rheir oottom 
Drpth to lie funk. by 'their loading 

o 

8 

• 
6 

Total :2 4 
at which draught I have bt(oce fiated, they may navigate Dver the furds 
without danger of impediment. 

Under the above predicaments, c:very 5 (eet -4 inches length of hoat 
will carry a ton i du:refore, + ton~ may be Glrried in one of 21 fet.t -4 inches 
J{'ngth, lind 3 rons in one of 16 feet; which larter fiu, as being kfs liable 
to Ilrain ""hen ceiling on its whttls, and for other C!lUreS will, in gc neraJ~ 

have luperior -advantages. 

In bo:ns laden with coals. lime. iron arc, or other mint'ral!:, it win 
evidently be a gn:at conveni ence (0 empty them with tquaJ f.1cility a.~ a 
waggon i which, particularly in fhorc boats, may be effdttd in tin: two 

foJiolVjng w .. ys: the ,boars, in both infiances. having their {"nds ccilcd, 

wirhoa flope of about 18. i~ ('hts bate to a fom in htigllt. Tnt Canal (ill the 
fir ft method that I {hall ddcribt) Ihuuld terminate aOOve, 3ml ncaf to, rht 
place of difchargl!, which. in this infiance, 1 will · fuppofc co be a coal 
fraith. At the end of the Canal there may be a dock jult l.ontainimg a ft c of 
boats (which will be hereaftcr defcribed) or a gently afLTnding railway; in 
the lauer cafe the boat may calily be drawn OUt, by a horfe acring on a 

(wo-fold purchafe, viz. by a rope attacht'd to a poll c10fe to the fi de: of the . 
r.ti1way, and above the head of (he 8opt:, which ropt: being p:dTed through' 

a bl<?F"- .~opkcd to the head of the boat, and rc(Urning to a horre harnetfed 

to it,' upon the raiJw~YI will give pown fufficitnt to raife tht boat OUt. in 
tht (pace of 10 yards; the fira . part of the afcent being ficep, 00 account 
o{ the boat being .waterborne. 

if a dock be ufed, t~ wane o( wattr will be (mall, .as thert will be no 
d e:fcem o( the boat ; and tbe only di/J"crt'ncc will lx:, that the boats will be 
more ea6Jy- runiorward over the friUllc·way of the Raith. 'When arrived 

'" 
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,(to I propare Ul~jl" wheds. to IJ: l;l or 14 mchd diaQ"leter, .and· only- to. 
projeCl twn in(:ht:~ below the borrom. the!e wh~'els 111Uft, necdfarily, b~ 
fhelet:rtd by the (ides, noc o~ly to avoid fhiking againU the blnks, but 

that the boats may not entangle ..... ith each otht r .- ( Piat Plale Jl). 

Thisp.urpofe mlght have beenc-ffc:&d'by means more: firnple than !hewn iii 
the plan. &c. wr:re'il POt for the neceffity of attending to the vertical curva~ure
of the railway, which will pr~jt.a upwards, alternately, between the wheels, 
or towards the ends of the boats. The: part of the boat below the whed's 
axis. although contracted 6 inches in width, on each fide, as fi, .. 3, will 
not only add confiderably co rhe burt1)en, but afford the melUls of preferving, 
tht cargo [rom being injured by leakage: becaufe the ceiling of rhe . b,oat ' 
being necdfarily raifed above tbe thwart timl?ea, and Ol- confiderabte {pace 
Jefe between the c!'ciiing and bottom plank. 

'ltl . The incrt':lfc.:d width of the boat from 4- (eet to 4 feer 6 inches, wiU 
add both to tht: burthen and Ilability of the boat, without any fcn(jbtc dif

fc:rl'ncc.: of c::xpmce in the Canal, as one foot more width, which requires 
only a vertical fcaion of that ,width, will ·afford the necelfary increafe of 

fpace to allow the boats to pafs eac~ otht:r. and the ·increafe of excavatioBI 
of the Canal is l'olnparuivcly nothing, becaufe the fidc::s arc common to· 

all widths of lht.: fame depth; from which caufe:. excepting wh~rc fubt.erra-. 
neous ,navigation is rcquifite. there arc:: no (ufficicnt advantages arifing from 

a very limited width t and. even under cbat: predicament, ·if there be any 
material kngch of carriagt~ tither under ground. or fubfequentlYJ it will 
be eligible to keep, at ieait, to the width 1 have mentioned. 

The boats in the Duke of Bridgewater's worb lit \Vorney) where there 
are fubterrantous Ca..1als on difftrent levels, are of this widtn. · Then: are 

fome caft:~' in fho rt fub~rrantow; Canals where 4 feet or 'lefs width of boat 
m.1Y anfwcr the purport, It may be frequently fo with irOn, or ~thc: r ores, 

:md fomttimes with coals. whe~ fent forward in the fmall carves or boxes". 
in whic~ they are brought from the face ~f tht mine; as, in this inflance,. 
che boat would only be laden to ~ fmall depth, and the Calgo not Jje fa 
high as to endanger ito: uvtrturning. 

Jd.I1 
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}i,t./"t/)fI. 

3d. I( the boats be (rom 3 to <+ tirflts a\ long as they trrel 
broad, their draught of water. when I·ight, maY,be _ 0 

Projdl:;on of wheels ,below their bottom 

D epth,to be funk by 'their loading 
o 
J 

8 

, 
6 . 

Total 2. 4 
at which draught I have befQ~ ftattd, they may navigate over tht forus 

without danger of impediment. 

Under [he abo.ve predicaments, every 5 feet 4 inches length of ~oat 
will carry a ton i therefore, 4- [on$ may hI:' carried in one of 21 feet 4 inches 
length, and J [Ons in one: of 16 feet j which Jaua fiu, as being Ids liable 
to Urain ~hen. refting on its wheels, a.nd for othtr cauJi::s will. ir. gtneral, 
have fuperior ·advantages . 

In boats laden witt, coals, lime, iron arc, or otht'r minnals, it win 
evidently be a great conveniwce (0 empty them with equJ.l fkiliey as .. 
waggon; which, parciculariy in fuort bOlts, may b~ tffeCt:cd in the two 
following w.ys: the boats, in both in(bncts, having their ('ods cciltd. 

with-a Oope of about J S. i,l}ches bafe to a foor in htight. Tht' Canal (in the 
JirQ method coat I fhall dc(cribe) ih()ulti tt:rminacc aOOVt·. and near to. lh~ 

place of difcharg~. which. in this inftanct'. 1 will "fuppo(e to be a coal 
fiaith. At the end 'of the Canal there may be a dock jlllt t.:Ontainimg a fct of 

boats (whicl]. will be hereafter defcribed) Of a gently afcending raihvr"y; in 

lh~ lauer cafe ,[he bo.a[ may t3flly be: drawn OUt. by a hor(t: ading on '" 
lwo·fold purchafe. viz. by a rope attached to a pan dofe to the fide of the , 
rcl.iJw~y, and above the head of the 8opt. which rope being pafftd through" 

a bl~k. !lDPkc:d to the h~ad of the boat, and returning to a horre harndfed 
to it~ upon the ('lil~y, will give pawrr fufficient to raife the boat OUt. in 

the (pace of 10. yardlH the fira pare of the :lfcenc bdog fiecp. on 3CC(Junt 
of the bolt being waterborne .. 

ir 3. dock be \lfed .. t~ w31le of water wilJ bt frii:ll1, as thert will ~ no 
defcent ' of the boat j 'and the only diJfertncc wiU be, that the bOa[s will be 
more eaGly fWlforward over the framc.way of [he ftairh. When arrjvc~1 

ar. 
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• at, any pl:lce or diCcharge (wh.thrr ~n rile !leith, or into vtlTds lying 
below) the boat will have \p run upon arrame fufpendcd on !W O ~rudgl;OOi 

at half jrs kngth. a linlt bdow the centre of gra~ity of the loaded~ nnd 
above th:lt of the light boat i the f~ame (b;·ing (7) cont i ived that the boat 

. on laking its pofikon, lkcomes feeu red in it~ place) will thtn readil y be 
turned up to ruch pofitio~ as will permit the contents of the b{;ac to 
fllOOt out, and will. afu:rwards, be as readily turned back 'again, from the 

pofition ofche centre occalionillg it to preponderate tach WJY alternately. 

VI'lu:'re the coals, or other minerals, arC' not wanted to be occ:dionally 
Jodged in a tbien. bur [0 be only. turned Ovc:r intr} Jarg~r veOe!s, -on a 

grc:lrer n':LVigarion i a method praclited in a part of South Wales~ with 
J"jnalJ boats bringing iron Ore from a drift out uf the mi4~, maf.bt: made 
ufe: of. It confifh in continuing the Canal (which may be a wooden trough) 
to th~ place of difcharge, and terminating it on a CS'i[on~ (ufpendcd on a 
rralllverfe centre. Tht: boat . being arri~ed irf in pbct:~ [he t:nd of-the 
Canal is elofcd by 3. Rop-gate; and the fma.U quantity ,of water contained 
in the caiffon, .?w"hich the bOa[ Ihould as nearly as may be: fill, being Ict 
Ollt, the cafe, or frame, with the: boat in-it, may be ·turned over as already 
dtfcribed. 

In the former method (which will be more generallr ufcful) the boats 
will, occaflonally. have to (hoot their cargoes., in different place5~ on a 
coal ft:li.th, or quay, and confequently will have: to turn i therefore, bu~ts 

of 16 feet length, which I have already faid will carry 3 [om each, cannot 
cunv~nitndy be made ufe of; that circumftaoce may reflCkr it digiblc. iu' 
many inftanccs, to have them lhortcr, and of Jers bur'then j which, a~rd
ing to the1fyftem I ,(hall proceed to lay dowo, will be at~nded "ith no dif .. 
Ildv.:mtage of moment • 

.. The lurllin!: of thC" ftame muR be IUnited to the utent o.r this politioft, which. with 
rhe end ilope ol"thc boat', cciliA,. :llready mentiolled. will be rW.IlicicQt .~ little more taiift 

.ov from 1hc: pJ .. ~ oJ lilt homon. The Me. of the frame (bwld fit dofc to the ~t'5 guo • 

.... '.ue. and rife: fufticienlIy above ,t, to prevent the lIlAI1U it CQlltaig hom nlIIDiDI OYt'r itll 
fi dc~ when Julhing Ol,lt of tho.: boat. 

1 have 
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I h;ve alr~ady mt:nrin{ltd ,the extreme ~ifficulty o( managing <I train .of 
• boats, when the wind blows ftrong; and alfo ere grtat rtfifiance [0 thdr 

piltTJge through the water (rom the form of their ends, as well as the da
mage done to rhe: banks from the angle!. of the boats, which principally" 
ariJes from the corm:r» plowing up me banks. To remedy this, for any 
great t'>.::[enr, by any thing plact-d along the banks of the Canal, would be 
werfe than 'the difeafe. fome other mode mufl: therefore ~. adopted. 

The way, that occurs to me, is to conltrud: and connea the boats, in 
ruch a manner ,as to avoid cutting the; banks, and likewife enable them to 
go fufficiently (aft through rhe water. fo,as [-0 be: capable of freering, aad 
not to be driven by the: wind on either bank, and, at the fame tirm. retain 
the power"of being rent down the inclined planes without being ft'.p;lrated. 

Two, three, or mo~ boars, according to their length and the fuddcO!1efs 
of the curvarure of the Can31, may be firmly connected. one c10Ce beh ind 
the other, fo as ·[t') (arm Oll(: boat; :lOd. by having a nighr overhanging at 
the end or each, they will, when on their wheels, bend co (h~ convexity Of 
Ihe up}>(r part of the: railway. amI being faftentd near dw:. gunwale at (ach 
angle o~ either end, there j3 no impediment to the if equ'llty fuiling rhe 
conc~vity of the lower pare. The boats, th~ connech::ti, would £lill uppofe 
great reGftance [ 0 motion; and althougn, by giving the utreme om~s a 
triangtll I t end (which would be the eafltil: executed). the reliCbnce would 
be I~mned nearly as the t fmes of the angles of incidence: yee 6(h(') in .. 

• . Thl'! d3.lMgt arifL'lg frOm the rdbc~lar tr3.fllnrfe CtatOIi of boat. fOt' inclined pl&M~ 
is conliderable. ~d can only be remedied by incurring i.con,e:l~nCe! in (he conlhu8ion 
of Ihe bon; and w" upabiiity of i t6- fWl.a.in ing itklf "n a frame withoLlt ilnlining. unldl 
.b~Ob ~c~\lracy . 'ere attended to. i. ruiting the boat. botlOJN and their cradles to each 
eliltr. 

t At lire ill • greater ratio. afu-twarcH in a lcr" 3ctordin, to the e:xperimellu of 
Abhi Botfllt. 
If one: kg or the ifok:C'k, tria.glt forming the entraD". or end. of. boat be alTumed a' 

radi us, the: refillanee would be: &I the fqu.vc of the fints of the angle of incidC'llce.o bllt (iLen 

tbe width of (he boat would decreafe or iacrf'..J.fe, as thc line i5 '" t.aiu$' cOllfeque:ntly. io 
boau of cqlal.idth. the ttwlt would be iJ the line. 

convcnic:nas 
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GOnveniC'nc(J would rnrue i as_the ~:Jts would .be atteni:Jrd w:ch a grea t 
"lateral wave, tending fO tt:;rlf town the .bank!', anJ a reduction pf burthen 
eqtl:JJ to h:lif the projeCl:ion of the rnds, which muft, of cour[C': . be coun· 
terbalanccd by an ' incfea fe of length. I therefore rrcommc:nd the ends of 

each ret of boats, to be formed like an oueufe pointed gothic arch, as 
the dott.ed ' lines in jig. H. plaIt 11. where, by only an increafed Itnt~th of 
one: foot, an ~q~IJ or rather fupc:rior burthen to the [quare enued, boats 
wiil be obuinrd; :lnd the rdilhllce rc:dtln:d, according to [he experimc-ncs 
of Admiral Chapman and M~nf." de Remme, bec.ult- the . half width of 
th:: boat is only thrt·c fourths of the axes ' of the curve forming CJch fide of 
it i end; and, by their expel imentsJ the rdi(l1nce is equal (under my pro
portion of extreme width .lOU fpace from thence to the Item), whether the 
fides for that extent form a curved 'wau:r line, or g~ . ftr<l.igllt iorw,ud [0 

the Item, and form twO [idcs of a. triangle. 

AccClrding :0 the: expe riments tr iC'd at GrcC'ulamfOock, by [he Society 
for tor Improvl'mem of f'\~IVJl Archirdlurc:. the rdiltOlncl' of a ~effel with 
fcmici rcular ends. moving a[ lhe f3te of eight f~et pcr fecl)nd. ~n~ J IT 
times as long as broad, W:\!ri nearly . 7}$ of that of the fame vdfel (or body 
compared of logs of timber) with fquue t'ods. By thefe .experiments, 
;md thofc tried at Verfailles by L'Abbe Belfut. the chief lldvantdge is' de
rived from Ihc form of the cnd moving foremafl: which will hold good 
in all velocities with which boats can mo .... e on Canals; and, .1S the pro. 
pored ends are formed of half {egme~ts of circles, whore axi" in the line 
df tht:: ked, is once and a third the greateR: ordinate, or half width of the 
boat, the. refill.nce fhould, according to the: fines of the angles of incid,erJl:'e 
of equal threads (~r minute portions) of the width of the water illttTcept
ed, be '901 of the refiftance of a femicircular end, and therefore -10;" of 
that of a fquare· end, according to the experiments qUOfcd, which nearly 

agrees with the finest of the a.ngles of incidence on equal and minute por- . 
tions of width, 

• Tbi. ~,jvanlage. in the experiment quoted. would be pardy c{erived from an e.gllal 
htrpnrf'in Ihe after end, whieh ",ill nor oJlrtate l,.mll the prerellt cafe, u elch' end. of 
every ru ofboal~ !'bould be imilu fortbe purpofe of ulc.kingnwr way. , 

t Aecording to thi$ th«lry the rcliJiaace of a fcmicircllW elld proportiOlW:d to I (qaue 
enc is:u. 785 . 10 one, bce:lu(e the fWD of thenalur.1 fine. of a quarter of a circle, u.kea 
~ l·qu.al p(:lrtiollJ of ju grQu:lt orc!iQalc. iunhel, DIV. Jag,{); Dbvio~dlT form ib 'artl, 

In 
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In all experiments, the proportiqnate lengthl of the reetnincar part of 
the bodies to their widths, and in' many· inll:ances of the Jatter to thtir 
depths immcrfed, will produce dilferent rerult6~ therefore, until the cffeas 
of theft and of other attendant circumftances be known, and introduced 
into the formulz, no theoretic refult can be perfecHy correa; but will give 
more .or Ids than any particular experiment, uolds where orpoCitc cawes. 
c~unterb:Uance (,3eh other; amongfr: which, friawn on the fur;face exp(l (ed to 
the water, and the inequalities of that furfaccJ arc not the! leaft conJ'idc:rable. 

E nI.~p. 
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CHAP. IV. 

011 fbe Mdacf!llfl't Of A xis of Motion if Vcj}l'If of a uniform Figul't 
throughout tfJei; Length. jbcwing hy /C'Vtra/ 7'/;corelic Injld'nC/'s to 

whot Height .filt:h Boal; moy r(/.F~' carry tbl'ir Cargoes. A!fo on tbt 

l!ll'om if combiniug thi: Navigation oj Imal! and grrat Canals. 

As Can:li vr ffds, efpecially th,e n:lrrow one~, which are princ~pally the 
(ubjeCt: of this T rl'alilt, arc: gtnel"ally of a uniform figure througb.out their 
lc:ngth, or axis of motion; t xcc pt ,: 1hort {j)ace at t:ach end. which. (rom 
tht-ir gre,lt c()mj.Ja ~ativc lengdl . confiiwl! s an inconfidl" rable portion of the 
whole. 1 fh4l11 confide r the m as fuch; as ic not only" fufficitndy approxi
lIl lL tt' !>. cilt: eruch. bur divdh rhe: qur fl:ion of the incrir.3cy that woulu other
wife attend it. This fu~j("tl: having utr:n rn:att'd with great ability by Mr. 
Atwood *, in the Philofophical TranfOictions for 1796. I thaU accafiaD;3l1y 
rc:cur [0 hi l!l, (or the rules necelfary (ar invdbg:lting this m:Hter:" 

In all vclfels. there is. at every given dr-pth to which thty may be l~den, 
;l entain altitude of the. centre af gravity. at which tht: vtlfd will be on 
;\11 equilibrium of inditft:r~nce whether to remain at rt:: ft, or move a greater 
or klfer dift.lnce round. its axis of motion; which ax,s (in the line of the 

nIfr.!'s length) is ufu,ally called the Metacentre: confequently, if the: cen
tre of gillvity of the vdTtl and cargo combined. lit: above the m('ta ... 
centre. the \'dfc;:1 mull overturn i and, according to the diftance of the 
centre of gravity be)ow that pointJ the greater or lefs will be the ftability 
o( rhe veITeI .. Its rdiftance to overturning, if it be of a, circular rranfverfe 
fcaian. will be equal to, the fine of the angle of heeling, multiplied into 
• 

• The ConllrlJfliOR and Anl1ly6. of Geometriflll Proportions d.etermining the PolitioD. 
afflJmcd by H&mogcncal Bodi':l whith Hoar (r~e1y. and 'lIt rdt Oil a Fluid'. S;lrf~.I IlJfo 
determining the St'oIbility of ~ipl. aDd of other floating Bodies : by Georgi Atwood. 
Efq. F. R. s, 
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