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Accretion, in expanded estuaries, 247 ;

prospects of, in Tees estuary, 268,270;

promoted by training works, — in
Tees estuary, 282 ; in the Wash, 28¢;
in Dee estuary, 289, 290 ; in Ribble
estuary, 298, 300; in Loire estuary,
307-308, 309 ;

anticipated and actual, from Seine
training works, 314-31%.

Adda River, supplying irrigation ca-

nals in Lombardy, 443 ; weir across,
for supply of Muzza Canal, 444.

Adige River, breaches in embank-

ments of, 165; increased height of
floods of, 165.

Adour River, 219-221; outlet of,

diverted by littoral drift, 204, 219~
220; exposed position of outlet, 219 ;
existing outlet fixed by jetties, 220;
lowering, and re-formation of bar at
mouth, 220; extension of jetties at
mouth, 220-221; increased depth
over bar, 221 ; rise of tide at mouth,
221; remarks on works at outlet,
221.

Adur River, 219; outlet of, diverted

by littoral drift, 204, 219; existing
outlet fixed by jetties, 219 ; rise of tide
at mouth, 219; area of basin, 219;
compared with Yare outlet, 219.

Afon Llwyd River, hard refuse from

works brought into Usk by, 273.

Agra Canal, weir across Jumna for

supplying, 437; area irrigated by,

437 ; length, dimensions, and gradient
of, 437 ; cost of, per acre irrigated,
459 ; return yielded by, 459 ; used for
navigation, 520,

Aire and Calder Navigation, sizes
of vessels navigating, 376; dimen-
sions of locks on, 3%6; causes of
large traffic on, 471; increased sizes
of locks on, 47%.

Aisne River, instance of gently-flowing
river, 12; connected with Marne by
a canal, 547.

Alleghany River, improved by locks
and weirs, 527 ; traffic on, 530.

Alluvium, 231-233; nature and amount
of, brought down by Rhone, 175 ; of
Nile from mountainsof Abyssinia, 176,
408; shoal of, in front of Kilia
mouths of Danube, 177; proportion
of, in Danube to discharge, 1%7;
of Volga, from erosion of high cliffs,
178 ; amount of, and proportion of, to
discharge, in Volga, 179,and in Missis-
sippi, 180; origin of, in tidal rivers,
231-233; deposit of, produced by
obstructions in tidal rivers, 243-245;
importance of regular tidal flow to
prevent deposit of, 245-246 ; deposit
of, in expanded estuary, 249 ; deposit
of, in Loire estuary, 309; brought
into Seine estuary from Calvados
coast, 314; large accumulation of, at
sides of Seine estuary, 315-31%7;
amount of, carried down by Indus
compared with that of Nile, 429.

Alpines Canal, length and discharge
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of, 445; area irrigated by, 445;
oblique weir across Durance for direct-
ing flow towards head of, 445; cost
of, per acre irrigated, 459.

Amazon River, basin and length of,

4; appearance and height of bore on,
242 ; natural highway for inland
navigation, 469.

Amsterdam and Merwede Canal,

time of completion and cost, 489;
description of, 489; dimensions of
locks on, 489; size of largest vessels
admitted into, 489 ; in communication
with Amsterdam Ship-Canal, 566.

Amsterdam Ship-Canal, 563-571;

sand-pump dredgers used on, 85;
cost of dredgers and dredging at, 85 ;
floating tubes for deposit of dredgings,
94, 355, 565; wooden and iron lock-
gates for, 104, 567 ; dimensions of, 351;
locks of different sizes with inter-
mediate gates on, 375, 567; dimen-
sions of large North Sea lock on, and
of new lock, 377, 568; proposed at
various times, 563 ; concession granted
for construction of, 563 ; shortening
route to North Sea, 563 ; obstacles
to, and arrangements adopted for,
563-564; rise of tide at each end,
565 ; description of, 565-566 ; amount
of excavation for, 566; waterways
communicating with, 566; swing-
bridges across, 566 ; branch canals
from, to villages bordering Lake VY,
566 ; period of construction of, 566 ;
embankment shutting off Zuider Zee
~ from, 566 ; Zuider Zee locks on, 566-
567; pumping machinery for dis-
charging drainage waters from, 567 ;
volume of water discharged from, 567-
568; locks on, at Ymuiden, 568 ;
estimated cost of new lock for, 568;
harbour at North Sea end of, 568-
569 ; enlargement of, 569-570 ;
largest vessels hitherto admitted into,
570 ; largest vessels which could pass
through new lock, 570 ; cost of, 570;
receipts from sale of lands reclaimed
by, 570; traffic on, 570-571; com-
pared with Baltic Canal, 579-580.
Amur River, large river of Asia, 4.

Index. [Alpines Canal.

Anderton Canal Lift, 401-404 ; con-
necting the Weaver with Trent and
Mersey Canal, 401 ; description of,
401-403 ; method of working, 403 ;
height of lift and time occupied, 403 ;
saving of time and water as compared
with flight of locks, 403; cost of],
and of foundations for, 404 ; accident
to, 404.

Anicuts, 111-112; object of, 111;
temporary, in former times, 111 ; per-
manent construction of, 112 ; Okhla,
112; Godavery, 112; Dehree, 112;
sluices formed in, 112.

Aquamotrice, form of bag and spoon
dredger, 72-%3; description of, 72—
73; amount and cost of material
raised by, on Garonne, 73.

Aqueducts for Canals, 360-361;
carrying canals over roads, railways,
and valleys, 360 ; points of difference
from ordinary bridges, 360; con-
structed at Briare to do away with
transit of Loire, 360-361; old, at
Barton, 361, replaced by swing, across
Manchester Ship-Canal, 361, 589;
across Solani for Ganges Canal, 439 ;
across Kali Nadi for Lower Ganges
Canal, 440; Roquefavour, for Mar-
seilles Canal, 446 ; across Paronvier
Valley for Verdon Canal, 447; siphons
in place of, on Verdon Canal, 447-
448 ; on Carpentras Canal, 450; on
Henares Canal, 451; timber flume
serving for, on Highline Canal, 453 ;
carrying Bear River Canal across
Malad Valley, 454; conveying Tur-
lock Canal over valleys, 456.

Aragon Canal, period of construction,
451 ; volume of water supplied to,
by Ebro, 451 ; length of, and area irri-
gated by, 451 ; cost of, per acre irri-
gated, 451 ; rendered navigable, 497;
size of vessels navigating, 497 ; traffic
diverted from, by railway, 497.

Arizona Canal, 453—454; supply for,
from Salt River, 453 ; crib-work weir
with rubble across Salt River for sup-
ply of, 453; headworks of, 453-454
description of, 454; area irrigated by,
454 ; cost of, per acre irrigated, 459.
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Arles and Bouc Canal, from Rhone by Marie Canal and other canals, 516-
at Arles to Mediterranean at Bouc, 517 ; connected with Black Sea by
556; to avoid Rhone delta, 556; aid of canals, 517 ; connected formerly
insufficient depth of, and width at with North Sea by Eider Canal, and

locks, 556. now by Baltic Canal, 571.

Arno River, lower valley of, suitable | Ban Dam, instance of high masonry
for inland navigation, 497; canals in dam, 370; period of construction of,
lower valley of, 498 ; traffic on, so1. 370 ; form of, and maximum pressure

Arve River, turbid waters of, bringing on, 370.
sediment into Rhone, 17%. Bar, 202-204 ; different causes of forma-

Ashti Reservoir, for irrigation in Bom- tion of, at outlets of tidal and tide-
bay, 422 ; capacity and area of, 422 ; less rivers, 19, 202~203; of Mersey
height and length of earthen dam lowered by sand-pump dredgers, 86,
forming, 422. 279 ; formed in front of delta chan-

Aubois Liock, Loire Lateral Canal, nels, 174 ;
contrivances for saving water at, 386— depth over, — in front of Rhone
387. delta, 176, 187 ; at mouths of Nile,

Austrian Waterways, 510-5I1; navi- 176-177; at mouths of Danube, 177~
gable rivers, and their lengths, 510- 178, 190; at principal mouths of
5I1; length of Vienna and Neustadt Volga, 179, 185; at outlets of Mis-
Canal, g11; traffic on, 51I. sissippi passes, 181 ;

methods of lowering adopted, 183-
B. 184; dredging and harrowing at, —

Bag and Spoon, 72-73; description of Sulina mouth, 184, and of south-
of, and method of working, ¥2 ; aqua- west pass of Mississippi, 184 ;
motrice, modified form of, y2-73; influence of parallel jetties on, 186 ;
conditions of employing, 88. influence of Rhone works on, 188;

Ballinasloe Weir, working on free increased depth over, at Sulina, 191 ;
rollers, across river Suck, 115-116. form of, at Sulina and at South Pass

Baltic Canal,571-580; dimensions of, contrasted, 192 ; lowered by parallel
352 ; double locks, with intermediate jetties at outlet of South Pass, 195;
gates, at each end of, 375; dimen- re-forming at outlet of South Pass,
sions of locks on, 377; route of, 571 ; 196 ; pushed seawards by scour at
objects of, 571-572; description of, Sulina and South Pass, 197; Neva
572-574 ; plant used for excavating, and Oder instances of tideless rivers
573 ; bridges crossing, 573-574 ; sand with a marine, 202-203; definition
dams for consolidating slopes of, 574— of, 203; curved form of, at Mersey
575 ; description of locks on, 575- outlet, 203 ; exposed position of, 204 ;

576 ; lock at Rendsburg connecting conditions affecting height and size
Lower Eider with, 576-577; lakes of, 204 ;

lowered for, 577-578 ; period of con- lowered by — converging break-
struction, 578 ; lighting of, at night, waters at mouth of Liffey, 210-211,
578 ; time of passage through, 58 : and at mouth of Merrimac, 212;
cost of, 548 ; saving in distance and dredging and training works at mouth
time by, 578-579; prospects of traffic of Tees, 213, 268, 270 ; dredging and
on, 579 ; importance of, 579 ; com- scour from deepened river at mouth
pared with Amsterdam Ship-Canal, of Tyne, 213,262 ; scour and dredging
579-580. at mouth of Wear, 214-215; jetty
Baltic Sea, period of open navigation and training works at mouth of
on, 515 ; Russian rivers running into, Nervion, 215, 225-226;
515; Caspian in communication with, depth over, at mouth of Yare, 219;
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effects of jetties on, at mouth of Adour,
220-221; at outlets of Maas, 222;
formed by drift at mouth of Nervion,
225; at mouth of Tyne, 258, 259 ; at
mouth of Tees, 265; of Mersey in
Liverpool Bay, 275; shifting of, in
Mersey, 276-277; lowered by train-
ing wall in Weser estuary, 302.

Barges, dimensions of, navigating —
British inland canals, 352; Bude
Canal, 391 ; Shropshire Canal, 391 ;
Shrewsbury Canal, 392; Morris
Canal, 392; Ourcq Canal incline,
394 ; Grand Junction,and Worcester
and Birmingham Canals, 478 ;

conditions affecting forms of, 539~
541; advantages of spoon-shaped
form indicated by experiments, 541.

Barges on Wheels, for running on
canal inclines, 391; on Bude Canal
inclines, 391.

Bari Doab Canal, drawing supply from
Ravi, 438; area of Punjab irrigated
by, 438; discharge and length of,
438 ; cost of, per acre irrigated, 459;
return yielded by, 459.

Barton Aqueduct, carried Bridgewater
Canal over Irwell, 361 ; replaced by
swing aqueduct, 361.

Barton Swing Aqueduct, carrying
Bridgewater Canal over Manchester
Ship-Canal, 361 ; description of, 589.

Bascule Bridges across Navigations,
357-358 ; description of, and method
of working, 357; form of, across
canals in Holland, 358; Tower
Bridge across Thames, 358.

Basins for Irrigation in Egypt,
formed by earthen embankments;
429 ; filled from Nile by inundation
canals, 429; number and area of,
429.

Basins of Rivers, 2-5 ; definition of,
2; causes of large, 2 ;

areas of, —in England, 3; in
Europe, 3 ; in Asia, 3-4; in Africa,
4; in America, 4~5; Wear, 214;
Yare, 219; Adur, 219; Clyde, 251;
Tyne, 258; Tees, 265; Usk, 271;
Witham, 284 ; Welland, 284 ; Nene,
284 ; Ouse, 284; Dee, 289; Ribble,

Index.

[Bar.

293 ; Weser, 300; Loire, 304 ; Seine,
305.

Bear River Canal, 454 ; supplied by
Bear River, 454 ; area irrigated by,
454; crib-work weir across Bear
River for supply of, 454 ; headworks
for, 454 ; flume carrying, across river
Malad, 454 ; cost of, per acre irrigated,
458.

Bear-Trap Weir, 132-133; across
Lehigh River, 132; at La Neuville
on Marne, 132-133; at Davis Island
on Ohio, 133.

Beauharnois Canal, length of, and
locks on, 522; position of, 522; to
be replaced by Soulanges Canal, 524.

Bega Canal, course of, 512; period of
construction, 5I3; irregularities in
supply of water to, 512.

Belgian Waterways, 491-495; main
outlets for, to the sea, 491 ; general
description of, 491 ; connecting links
of, in progress, 491492 ; level course
of, from Antwerp to Dunkirk, 492;
variations in level of various, 492;
lengths of, 492 ; extent of, controlled
by State, 492 ; length of, in proportion
to area, 493; proportion of, com-
pared with Holland, England, and
France, 493 ; depths of, and sizes of
locks on, 493 ;

traffic on, 493-495; nature and
increase of, on some, 495 ; compared
with Belgian State railways, 495 ;
tolls on, 495.

Belleek Weir, across river Erne to
control drainage, 115 ; description of,
115-116.

Berizinski Canal, tributaries of Duna
and Dnieper connected by, 517; length
of, 517.

Berlin Ship-Canal, (contemplated) to
convert Berlin into a seaport, 650;
estimated cost of, 650; proposed
dimensions of, 650; route projected
for, 650; fall of, to Oder to be effected
by three locks, 650.

Bhatgarh Reservoir, for irrigation in
Bombay, 422 ; height of masonry dam
forming, 422; capacity and area of,
422 ; Nira Canal supplied by, 426.
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Brussels Ship-Canal.]

Birmingham Canals, supplied by

reservoirs, 366 ; cause of large traffic
on, and good revenue from, 471, 476.

Black Sea, mouth of Danube entering,

177-1%78 ; flat slope of bed of, in front
of Danube delta, 181-182 ; southerly
current in, along foreshore of Danube
delta, 182; smaller density of, than
of Mediterranean, 192 ; Russian rivers
flowing into, 515; connected with
Baltic by aid of canals, 517 ; proposed
connection of, with Caspian, 518, 622;
north-western part of, connected di-
rectly with Sea of Azof by Perekop
Canal, 621.

Boise River, supplying Idaho Canal,

454; old channel of| closed, 455 ; Weir
across new side channel of, 455.

Bore on Rivers, 242; cause of, 242;

height of, on — Severn, 242; Hooghly,
242; Amazon, 242; Tsien-Tang
Kiang, 242 ; Seine, 242;

appearance of, 242 ; disappearance
of, from Witham owing to new out-
fall, 286; form of, in Seine estuary,
311 ; maximum height of, on Seine
at Caudebec, 313.

Bourgogne Canal, connecting Yonne

and Sabne, 348, 482 ; length of tunnel
on, 363; reservoirs supplying, 366;
rise, fall, and length of, 473 ; period
of construction, 481—482 ; repurchased
by State, 482 ; submerged chain laid
along summit-level of, 544 ; electrical
towage along summit-level of, 548.

Brahmaputra River,navigableportion

of, 520; highway of traffic, 520.

Breaches in River Embankments,

along Mississippi, 163-164 ; remedial
measures for, in progress on Missis-
sippi, 164 ; numerous, along Po, 164~
165; along Adige and Reno, 165;
remedies adopted for, 165 ; in Loire
valley, 165-166 ; of Theiss near
Szegedin, 166; due to rising of bed
and raising of embankments on Yellow
River, 168; on Japanese rivers,
168.

Breakwaters, converging, — object of,
209; at mouth of Liffey, 210; at

mouth of Merrimac, 211-212; at

Index. 657

mouth of Tees, 212, 267-268; at
mouth of Tyne, 213-214, 259-260 ;
at mouth of Wear, 215; at mouth of
Nervion, 215; remarks on, at tidal
river mouths, 215-216; for Ymuiden
Harbour, 568-569 ; at Port Said, 6oy ;
at west end of Corinth Canal, 617 ;
proposed for Brito Harbour, 639.

Brenne River, torrential floods of, 11;
tributary of Seine, 11.

Brenta River, connected with other
Venetian rivers by canals, 498 ; traffic
on, 500,

Briare Aqueduct, to supersede passage
across the Loire, 360-361; description
of, 361 ; cost of, 361.

Briare Canal, with Loing Canal, con-
necting Seine and Loire, 348, 481;
passage formerlyacross Loire between,
and Loire Lateral Canal, 360; aque-
duct now connecting, with Loire
Lateral Canal, 361; length of, and
period of construction, 481 ; traffic on,
48s.

Bridges over Canals, 356-360; similar
to railway bridges, 356; low level,
made movable across navigations,
356 ; swing-, 356-357; bascule, 357-
358 lift-, 358-360.

Bridgewater Canal, carried formerly
over Irwell in Barton aqueduct, 361 ;
carried now over Manchester Ship-
Canal in Barton swing aqueduct, 361,
589; length of, and period of com-
pletion, 475-476; causes of large
traffic on, 476.

Bruges Ship-Canal, 593-595; com-
mencement of works for, 593-594;
object of, 504; description of, 594;
estimated cost of, 594 ; prospects of
traffic on, 595.

Brussels and Rupel Canal, connecting
Brussels with the Scheldt, 491 ; depth
of, and size of locks on, 493 ; traffic
on, 494; contemplated enlargement
of, 650.

Brussels Ship-Canal (projected), to
convert Brussels into a seaport, 650
formation of, by enlargement of
Brussels and Rupel Canal, 650; esti-
mated cost of, 650.
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Bucket-Liadder Dredger, 73-80; de-

scription of, and method of working,
73-74; stationary, and hopper, 74;
relative advantages of stationary, and
hopper, 74~75, 89; provided with
twin screws at each end, 76; form of
buckets for, 77 ; claws to buckets of,
77 capabilities of, 77 ; capacities of
hoppers of, 77 ;

cost of — stationary, on Clyde, 77 ;
on Tees, 77 ; at Swansea, 77 ; hopper,
at Bristol, 78;

speed of, 78; cost of dredging with,
at various places, 78-80; scope and
utility of, 88-89; limits to use, 89 ;

employed — in Clyde, 253-254; in
Tyne, 260 ; in Tees, 266-267; in Usk,
273.

Bucket-Liadder Excavator, 95-97;
amount of excavation done with, on
Suez Canal, 95 ;

employed on — Danube regulation
works, 96 ; Ghent-Terneuzen Canal,
96 ; Tancarville Canal, 96; Panama
Canal, 99;

description of, 96;

on Manchester Ship-Canal, — cost
of, g6 ; capacity of, and cost of excava-
tion with, g6 ;

importance of, for ship-canal works,

Buckingham Canal, constructed for
navigation in India, §520; course of,
521 ; unremunerative protective work,
521.

Buffalo River, improvement of outlet
by crib-work jetties and dredging, 208;
crib-work  breakwaters sheltering
mouth and providing deep outlet,
208-209.

Bure River, confluence of, with Yare
forming Yarmouth Haven, 218; for-
merly possessed independent outlet,
218 ; forced into Yare by blocking of
outlet by drift, 218.

C.

Cabedan Vieux and Neuf Canals,
courses of, from Durance, 449; ex-
tended across river Coulon by a dam,

449

Index. [Bucket-Ladder Dredger.

Caer Dyke, earliest English Canal, 475;
course and length of, 475.

Caissons holding Water, object and
form of, for conveying barges on
inclines, 394 ;

employed on — Chard Canal in-
clines, 394-395; Monkland Canal
incline, 395-396; Georgetown in-
cline, 396-397.

Calcutta and Eastern Canal, con-
structed for navigation, 520; course
of, 520-521; profit yielded by, 521.

Caledonian Canal, 598-599; size of,
351,599; supplied by lakes, 366 ; di-
mensions of, and locks on, 377 ; flight
of locks on, at Banavie, 378 ; greatest
lift of locks on, 382 ; object and route
of, 598 ; description of, 598 ; number
and sizes of locks on, 598-599 ; cost
of, 599; traffic on, 599; inadequate
size of, for large vessels, 599.

Calloway Canal, timber weir across
river Kern for supply of, 452 ; head-
works of, 452 ; description of, 452 ;
cost of, per acre irrigated, 459.

Caluso Canal, description of, 441; area
irrigated by, in Piedmont, 441.

Canadian Waterways, 52I-525; St.
Lawrence and Lakes navigation, —
description of, 521-522; lateral canals
along, 522

between St. Lawrence and Hudson
River, 522; between Ottawa and
Montreal, 523 ; Murray Canal, 523;
Trent Navigation, 523 ; dimensions
of canals of, and locks on, 523-524 ;
traffic on, 524-525.

Canal de I’Est, connecting Meuse with
Sabne, 348; constructed to connect
walerwaysin France severed by cession
of territory, 483; submerged chain
employed for haulage in Ham tunnel
of, 544.

Canal des Deux Mers, or Canal du
Midi, 481, 597-598; length, height
of summit-level, and course of, 363 ;
Saint-Ferréol reservoir for supplying,
367 ; flight of locks on, near Beziers,
379; description of, 481; ceded to
Southern Railway Company, 484;
small traffic on, 485; earliest inter-

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9781108080606
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-08060-6 - Rivers and Canals: With Statistics of the Trafficon Inland Waterways

Volume 1: Canals
Leveson Francis Vernon-Harcourt

Index

More information

Canals for Navigation.]

oceanic canal still in existence, 5973
used for inland navigation, 597; ad-
vantages of proposed enlargement of,
597 ; unfavourable physical conditions
for forming, into ship-canal, 59%;
difficulties and vast cost of scheme,
598.

Canal du Centre, connecting basins of

Sabne and Loire, 363, 481 ; supplied
by reservoirs retained by earthen dams,
366 ; reduction in number and increase
in lift of locks on, 379-380; cylindrical
sluice-gates and locks on, 385 ; period
of opening, and extent of waterway
completed, 481 ; traffic on, 485.

Canal du Centre of Belgium, to con-

nect Mons and Condé Canal with
Charleroi and Brussels Canal, 408,
492; length and rise of, 408, 492;
La Louviére canal lift on, 408-410;
depth of, and size of locks and lifts

on, 493.

Canal Inclines, 389-398. See Inclines

on Canals,

Canal Lifts, 208-413 ; contrasted with

canal inclines, 398; primitive, on
Worcester and Birmingham Canal,
398-399; on Grand Western Canal,
399-400; hydraulic, at Anderton on
the Weaver, 401-404; at Fontinettes
on Neuffossé Canal, 404—408; La
Louviére, on Canal du Centre of
Belgium, 408-410; remarks on, in
connection with inclines and locks,
410-414.

Canalization of Rivers, 64~70; object

and advantages of, 64, 67 ; introduc-
tion of stanches, 64-66; effected by
locks and weirs, 66-6%7; Seine and
Main examples of, 67-69; remarks
on, 69-Yo.

Canals, instead of delta channels, 198-

200; definition of, 343 ; for convey-
ance of water, or for navigation, 343~
344 ; drainage, 344; irrigation, 344~
346; navigation, 346-34%; connecting
rivers, 347-348; lateral to rivers, 348-
351 ; sizes of, for navigation, 351-353;
construction of, for navigation, 353-
354 ; earthwork for, 354-356 ; bridges
over, 356-360; aqueducts for, 360~

Index. 659

361; tunnels for, 362-364; waste
weirs and sluices for, 364 ; stop-gates
on, 364-365 ; supply of water for, 365;
reservoirs for supplying, 365-370;
introduction of supply to, 370-37%;
consumption of water on, 371-372;
remarks on works for, 372-373; con-
trast of works for, with those for rail-
-'ways, 372-373; conditions necessary
for competition of, with railways, 373 ;
locks for, 374-375 ; sizes of locks for,
375-378; lifts and flights of locks for,
378-382 ; reduction of time in locking
on, 382-385 ; methods of saving water
in locking on, 385-38%; remarks on
locks for, 387-388; inclines and lifts
in place of locks for, 389 ; inclines on,
and methods of conveyance along,
389-398; lifts on, 308—410; remarks
about inclines and lifts on, 410-414 ;
classification of irrigation, 425; irri-
gation, supplied from reservoirs, 425,
426 ; inundation, 426—431;

perennial irrigation, — definition,
432 ; classification, 433 ; upper, 433~
460; deltaic, 460-465 ;

conditions affecting construction
of, for inland navigation, 469-470;
connecting rivers, 472-474; exten-
sion of, in France, 481-482; in
Holland, 486-488 ; in Belgium, 491—
493; Spanish, 497; navigable, in
Italy, 498-501 ; in Sweden, 503~504;
in Germany, 507-509; in Austria,
511; in Hungary, 512; in Russia,
516-518 ; navigable, in India, 520-
521 ; in Canada, 521-525 ; navigable,
in United States, 527~-535; ship-,
550-651. See also Ship-Canals,
Irrigation Canals, Inland Navi-
gation.

Canals for Navigation, described—
Amsterdam, 563-571; Amsterdam
and Merwede, 489 ; Baltic, 571-580;
Bruges, 593-595; Caledonian, 598-
599; Chicago Drainage, 531-533;
Corinth, 615-621; Ghent-Terneuzen,
554-556; Gloucester and Berkeley,
55I-552; Loire, 308, 552~553 ; Man-
chester, 580-593; Marie, 516-517;
Nicaragua, 635-647, North Holland,
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561-563; Panama, 625-635,643-647 ;
Perekop, 621-622; St. Louis, 556—
5573 St. Mary's Falls, 376-377,
530; Sault-Sainte-Marie, 522, 524;
St. Petersburg and Cronstadt, 557
559 ; Suez, 600-615; Tancarville,317-
318, 553-554; Welland, 376, 522,
524. See Amsterdam Canal, &c.;
and see also Irrigation Canals.

Canals for Navigation referred to:—
Agra, 520; Aire and Calder Naviga-
tion, 376, 471; Aragon, 497; Arles
and Bouc, 556 ;

Beauhamnois, 522, 524 ; Bega, 5123
Berizinski, 517; Birmingham, 366,
476 ; Bourgogne, 473, 482; Briare,
361, 481 ; Bridgewater, 361, 475476 ;
Brussels and Rupel, 493, 494 ; Buck-
ingham, 520, 5213

Caer Dyke, 475; Calcutta and
Eastern, 520-521; Canal de I'Est,
348, 483; Canal des Deux Mers or
Canal du Midi, 481, 597-598; Canal
du Centre, 379-380, 481; Canal du
Centre, Belgium, 408, 493; Castile,
497 ; Chambly, 522, 525; Champlain,
528, 534; Chard, 394-395 ; Charleroi
and Brussels, 493, 494; Chesapeake
and Ohio, 528, 534; Corsini, 499,
501 ; Crinan, 366;

Dalsland, 504, 505; Dnieper-Bug,
367, 517 ; Don and Volga (proposed),
348, 518; Duke Alexander of Wur-
temburg, 518;

Eems, 487 ; Eider, 571 ; Ellesmere,
366 ; Ems-Jade, 507; Erie, 527-528,
533; Eskilstuna, 503; Exeter, 376;

Finow, 507; Fiumicino, 498, 499;
Forth and Clyde, 474, 477; Foss
Dyke, 475; Franz, 512;

Ganges, 436, 520 ; GaronneLateral,
349, 485; Ghent and Ostend, 492,
493; Glasgow and Paisley, 351;
Godavery, 520; Gota Navigation,
504, 505 ; Grand Junction, 476, 478 ;
Grand Western (Tiverton), 399-401;

Hennepin, 531, 535 ; Huddersfield,
362;

Illinois and Michigan, 528, 534;

Kennet and Avon, 348; Kinda,
504, 505 ; Kistna, 520 ; Kurnool, 520 ;

Index.

[Canals for Navigation.

Lachine, 522, 524; Languedoc, or
Canal du Midi, 481; Leeds and
Liverpool, 378, 476 ; Loing, 348, 485;
Loire Lateral, 349, 485; Lower
Ganges, 520; Louisville and Port-
land, 527, 534;

Mahmoudieh, 199 ; Main-Danube,
or Ludwigs, 474, 507; Marne Lateral,
349, 483; Marmne-Rhine, 472-473;
Marne-Sadne, 367, 483; Midnapore,
520; Monkland, 351, 395; Mons
and Condé, 408, 495; Morris, 392,
528; Murray, 523; Muscle Shoals,
5303

Naviglio Grande, 498, 501 ; Neuf-
fossé, 404, 549 ; Nivernais, 482 ;

Oberland, 393; Obi-Yenisei, 472;
Oder-Spree, s507; Oguinski, 517;
Oise-Aisne, 483 ; Orissa, 520; Orissa
Coast, 520, 521; Ostia, 198-199;
Oswego, 208; Ottawa, 523, 524;
Ourcq, 359, 393 ;

Pavia, 498, 500; Pontine, 498, 499 ;

Rhone-Rhine, 473, 509; Rideau,
523, 524 ; Rochdale, 366, 476 ; Rupel
and Louvain, 493 ;

Saar, 507, 509; St. Clair Flats,
530-531; St. Denis, 380-382; St.
Lawrence, 376, 522; St. Quentin,
481, 485; Sambre-Oise, 482-484;
San Carlos, 199, 496 ; Scheldt-Meuse,
491, 492 ; Shrewsbury, 391 ; Shrop-
shire, 3e1 ; Sirhind, 520; Sodertelge,
504, 505; Somersetshire, 378; Sone,
520; Soulanges, 524; South Beve-
land, 487, 490 ; South Willems, 487,
490;

Thames and Sevemn, 363, 474;
Trent and Mersey, 362, 476 ; Trent
Navigation, Canada, 523 ; Trollhitta
Navigation, 503-504;

Valle, 500; Voorne, 222, 487;
Vychni-Volotchok, 516 ;

Walcheren, 487, 490; Warwick
and Birmingham, 378, 478; Western
Jumna, 520; Worcester and Birm-
ingham, 378, 478;

Yypres-Lys, 492.

See Agra Canal, Aire and Calder
Navigation, &c.; and see also
Irrigation Canals.
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Canals joining Rivers, 347-348, 472- for Panama Canal by impounding
474 ; providing through routes, 347, waters of, 631.
472; instances of, in Europe and | Chambly Canal, lateral to river Riche-

America, 348; conditions affecting lieu, 522; length of, 522; locks on,
construction of, 470; development of, 522, 524 ; traffic on, 525.
in France, 472, 481—483; favourable | Champlain Canal, link on waterway
conditions for, in Russia, 472, 516— between the Hudson and St. Lawrence,
518 ; instances of, with high summit- 348, 522, 528; length of, 528; origi-
levels, 472—474 ; importance of favour- nal and enlarged dimensions of, 534.
able conditions for, 474. Chanoine Shutter Weir, 135-141;
Carpentras Canal, description of, 449— form of, and methods of working,
450 ; area irrigated by, 450 ; aqueducts 136; use and disadvantages of, on
for, over rivers Coulon and Sorgues, Upper Seine, 137; butterfly valves
450; cost of, per acre irrigated, 459. in, for regulating flow, 137; foot-

Caspian Sea, level of, lowered by bridge added to, 137-138; at Port-

evaporation, 8 ; reduction in depth of,
in front of Volga delta, 179 ; absence
of current in, along front of Volga
delta, 182; Russian rivers flowing
into, 515; connected with Baltic by
Marie navigation and canals, 516-517.

a-I'Anglais, 138; cost of, 138, 139;
on Great Kanawha and Ohio, 138-
139 ; tripping bar for opening, 139;
double groove for prop at Mulatiére,
Dayvis Island, and on Great Kanawha,
140; advantages of, and ohjections

Castile Canal, course and length of, to, 141 ; remarks on, 145-146.

497; period of construction, 497; | Chard Canal, gradients of inclines on,
locks on, and depth of, 497; traffic 394; caissons conveying barges on
on, 497. inclines of, 395.

Catch - Water Drains, I54-155; | Charleroi and Brussels Canal, Brus-
adopted to facilitate drainage of Fen sels connected with Namur and Liége
districts, 154; for collecting water by, 491 ; being connected with Mons
from higher lands, 155. and Condé Canal by Canal du Centre,

Cauvery Canals, area of Cauvery delta 492; rise and fall of, and locks on,
irrigated by, 462 ; large return yielded 492 ; depth of, and size of locks on,
by, 463. 493; traffic on, 494; large coal

Cauvery River, delta of, irrigated by traffic on, 495.
canals, 462. Charlottenburg Drum Weir, descrip-

Cavour Canal, 442-443; object and tion of, across navigable pass of Spree,

description of, 442; aqueduct for, 143~144.

over Dora-Baltea, 442; siphons for, | Chenab Canal, cost of, per acre irri-
under tributaries of Po, 442 ; supplied gated, 459; receipts of, compared
by Po and Dora-Baltea, 442 ; head- with expenses, 459.

works for, 442-443; area irrigated | Chenab River, inundation canals in
by, 443; cost of, 443; cost of, per the Punjab fed by, 429.

acre irrigated, 458. Chesapeake and Ohio Canal, con-
Chad Lake, drained by evaporation, 8. nected with Potomac by an incline,
Chagres River, valley of, followed by 396; length, and proposed extension

Panama Canal, 625 ; numerous diver- of, 528 ; dimensions of, 534.

sions of, required for Canal, 627; | Chicago Drainage Canal, 531-533;

dam for impounding floods of, 627; objects of, 531-532; description of,

difficulties in dealing with floods of, 532-533.

for Panama Canal, 62%, 633, 644; | Chicago River, outlet of, deepened by
to supply Panama Canal with water crib-work jetties and dredging, 208
for locking, 630; lake to be formed outlet of sheltered, and deep-water
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[Chicago River.

at mouth of — Liffey, 209-211;
Merrimac, 211-212 ; Tees, 212-213;
Tyne, 213-214; Wear, 214-215;

entrance formed by breakwaters, 208
209 ; lift-bridge across, 259-260.
Cigliano Canal, supply of, derived
from Dora-Baltea, 441; length and Nervion, 215;
width of, 441-442 ; area irrigated by, remarks on, 215-216.
441. Corinth Canal, 615-621; dimensions
Clyde River, 252-258; basin of, 3, of, 352 ; excavators used for cutting,
252 ; diagram of fall of, 15; cost of 355; proposals for, and commence-
dredgers employed on, ¥7; cost of ment by Nero, 615; object of, 615~
dredging in, 79; contrast of estuary 616; description of, 616-617 ; bridge
of, to tideless outlets, 173 ; low-water across, 617; construction of, 61y~
line of, lowered by works, 240, 255; 618; nature and dislocation of strata
instance of enlarging estuary, 246; traversed by, 618 ; slips and flattening
mainly improved by dredging, 251; of slopes of, 618 ; excavation for, 618 ;
sheltered outlet of, 252 ; former con- original estimate for, and increased
dition of, 252 ; early regulation works cost of, 619; changes in Company,
on, 252-253 ; dredging operations on, 619; completion and cost of, 6i9;
253—-254; blasting reef in, and cost current through, due to differences in
of, 254 ; extent of deepening effected the sea-level at the ends, 620; diffi-
in, 255; changes in tidal condition culties of navigation in, 620; small
of, 255 ; removal of weir from, 256 ; traffic through, 620; remarks on,
increased draught of vessels navigat- 620.

ing, 256 ; development of ship-build-
ing on, 256 ; remarks on works, 256-
258 ; dredging for maintenance, 257 ;
inundations stopped by deepening of,
25%-258 ; dredging in, compared with
that on Tyne, 264 ; favourable position
of, for training works, 284; rate of
enlargement of, between Renfrew and

Dumbarton, 324.
Congo River, basin of, 4.

Conservancy of Rivers, importance
of single control, and systematic works
for, 169-170; by protection, and
cleansing of channel, 170; by pre-

ventive measures, 273.

Construction of Canals for Naviga-
tion, 353-354; resembling railway
works, 353 ; with level reaches in steps
in place of gradients, 353; made
watertight through porous soil, 353—
354; precautions necessary for, 354.

Consumption of Water in Canals,
371-372; losses from leakage and
evaporation, 371; in locking, with
single locks, and flights of locks, 371-
372 ; in emptying canals for repairs,

372. See Saving of Water.

Converging Breakwaters at River
Mouths,209-216; advantages of, 209;

Corsini Canal, connecting Ravenna
with the Adriatic, 498; length and
size of, 499 ; traffic on, 501.

Cost of Canals, Mahmoudieh, 199;
Tancarville, 318; Cavour, 443 ; Ver-
don, 448; Thames and Sevem,
474; Amsterdam and Merwede, 489 ;
Gloucester and Berkeley, original,
551, and estimated, of proposed ex-
tension, 552; St. Petersburg and
Cronstadt, 559 ; North Holland, 561 ;
Amsterdam, 570 ; Baltic, 578; Man-
chester, 501-592; Caledonian, 599;
Suez, original, and estimated, of
enlargement, 613

estimated, of — Panama, original,
626; increased, 631 ; for completion
with locks, 631; Nicaragua, 640;
Paris and Rouen, proposed, 649;
Brussels, projected, 650 ; Berlin, con-
templated, 650. See also Cost of
Irrigation Canals.

Cost of Dredgers, stationary bucket-
ladder, %7; bucket-ladder hopper,
78; steam hopper barges, ¥8; sand-
pump, at Amsterdam Canal, 85;
sand-pump, at Lowestoft Harbour,
85; sand-pump, at Dunkirk entrance,
86.
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Danube River.]

Cost of Dredging, with aquamotrice
on Garonne, 73; with bucket-ladder
dredgers at various places, 78-80;
with grab, 82 ; discharging by floating
tubes on Amsterdam Canal, 94.

Cost of Excavating, on Manchester
Canal,—with bucket-ladder excava-
tors, 96 ; with steam navvies, 98.

Cost of Excavators, on Manchester
Canal,—bucket-ladder, 96 ; steamnav-
vies, 98 ; steam-crane navvies, 98.

Cost of Irrigation Canals, per acre
irrigated, 458-459, 462; conditions
affecting, 458 ; extreme limits of, 458;
Agra, 459; Alphonso, 459; Alpines,
459; Aragon, 451; Arizona, 459;
Bear River, 458; Bari Doab, 459;
Calloway, 459 ; Carpentras, 459 ; Ca-
vour, 458: Chenab, 459; Eastern
Jumna, 458 ; Esla, 459; Ganges, 459;
Godavery, 462 ; Henares, 459 ; High-
line, 459 ; Idaho, 458 ; King’s River,
458-459 ; Kistna, 462; Lower Ganges,
459; Orissa, 462; Pecos, 458; San
Joaquin, 458-459 ; Sidhnai, 458 ; Sir-
hind, 459; Sirsa, 459; Sone, 459;
Tamarite, 459; Turlock, 459 ; Urgel,
459 ; Verdon, 458; Western Jumna,
459. See also Returns of Irriga-
tion Canals.

Cost of Various Works, Sulina jetties
and maintenance, 191 ; improvement
of Scheur branch of Maas, 224;
training works and dredging in Ner-
vion, 226 ; removal of whinstone reef
from bed of Clyde, 254; removal of
ledge of lias rock from Tees estuary,
267 ; Briare aqueduct across Loire,
361 ; '

canal lifts, — Anderton, 404;
Fontinettes, 407 ; La Louviére, 410 ;

siphon across valley of St. Paul,
Verdon Canal, 448 ; electrical towage
installation, 548 ; purchase of Panama
railway, 626.

Cost of Weirs, Poses, 131 ; Port Villez,
131; Martot, 132; Briilée Island, 135;
shutter, 138, 13¢9; drum, 144.

Cradles on Wheels, for conveying
barges on canal inclines, 391 ;

dimensions of, — on Shropshire

VOL. I1.
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Canal incline, 391; on Shrewsbury
Canal incline, 392;

description of, employed on —
Morris Canal inclines, 392-393 ;
Oberland Canal inclines, 393 ; Ourcq
Canal incline, 393-394.

Crapponne Canal, gradual construction
of, 444; description of, 444-445;
oblique weir across Durance forsupply
of, 445; head-works of, 445; area
irrigated by, 445.

Crinan Canal, reservoirs for supplying,
366.

Cross-Section of a Channel, measure-
ment of,—inmoderate-sized rivers, 23~
24 ; in very large rivers, 24-25.

Cumberland River, improved by locks
and weirs, 527 ; size of locks to be
constructed on, 533 ; traffic on, 536.

Current, transporting power of, at
different velocities, 16 ; divergence of,
in rivers, 17-18.

Current-Meters, 28-30; description of,
28 ; varieties of, 28, 29 ; methods of
measuring velocities with, 29; im-
provements in, 30; conflicting views
about accuracy of, 33; objections to,

34

Cut-offs, method of mitigating floods,
160; tried for improving channel of
Mississippi, 160; disadvantages at-
tending system, 160. See Straight
Cuts.

Cylindrical Sluice-Gates, 383-385;
advantages of, 383-384;

adopted for locks, — on Weaver

Navigation, 384; on Scheldt-Meuse
Canal, 384-385; with large lift on
Canal du Centre, 385 ; with great lift
on St. Denis Canal, 385.

D.

Dalsland Canal, branch of Gdta navi-
‘gation, 504; uniting several lakes,
504; rise of, and length of waterway
provided by, 504 ; traffic on, 505.

Danube River, 177-178 ; 190-194;
basin and length of, 3; ratio of
maximum to minimum discharge, 59 ;
improved by regulation works, 59;
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rakes and harrows tried on bar, 87;
removal of rocky shoals at ¢Iron
Gates,’ 91-92 ; discharge of dredgings
from, by chain of buckets at Vienna,
92; excavators used for regulation
works on, 96; contrast of outlets of,
to tidal estuaries, 173 ; delta of, 177~
178 ; depths over bars at outlets of,
177-178; average and extreme dis-
charges of, 178 ; proportion of allu-
vium discharged by, 178 ; dredging
at Sulina bar, 184, 200; selection of
outlet for improvement, 190 ; deserip-
tion of jetty works at the Sulina
mouth, and their results, 190-194;
bar of, at Sulina contrasted with
Rhone bar, 192 ; comparison of con-
ditions at Sulina and mouth of Rhone,
192-193 ; advance of lines of sound-
ings in front of Sulina mouth, 193 ;
training, dredging, and cuts for im-

’ proving depth of Sulina branch, 193-
194 ; increased traffic through Sulina
branch since improvement in depth,
194; improvement of Sulina outlet
compared with that of South Pass
outlet, 197-198 ; connected with
Main by a canal, 348; natural high-
way for inland navigation, 468-469;
length and depth of navigation on, in
Germany, 506; navigable length of,
in Austria, 510, and in Hungary, 512;
size of vessels navigating, in Hungary,
513 ; nature of traffic on, 513.

Dead Sea, low level of, resulting from
evaporation, 8.

Dee River, 289-293; basin of, 3;
opening abruptly into large estuary,
246; original condition of estuary,
289-290; rise of tide at mouth of, 289 ;
early accretion in estuary, 289, 290;
proper direction for training works,
290 ; company formed for reclaiming
land and deepening river, 290; train-
ing works carried out for reclamation,
291; area of land reclaimed from
estuary, 291 ; bad position of outlet
of trained channel, 291; stipulated
depth not attained by training works,
291-292; depth in trained channel
increased by dredging, 292 ; defective,

Index. [Danube River.

shifting channel in estuary beyond
training works, 292; remarks on
estuary works, 292-293.

Delaware River, connected with New
York by Morris Canal, 347; extent
of navigation up, 527; traffic on, 536.

Del Norte Canal, 452-453; supply
for, drawn from Rio Grande, 452;
area irrigated by, 453; timber weir
placed across Rio Grande for supply
of, 453 ; description of, 453.

Deltaic Canal Works, 460—462; head-
works, 460; long weirs across rivers,
460-461 ; course given to canals and
embankments, 461 ; objections to em-
bankments, 461-462.

Deltaic Irrigation Canals, 460-465;
arrangement of, 460 ; works for, 460~
462; in India, 462-463; in Lower
Egypt, 463-464; remarks on, 464~
465.

Delta of the Danube, 177-178; de-
scription of, 177; rate of advance,
177 ; proportionate discharges through
branches, 177; depth over bars in
front of mouths, 177-1%8; areaof, 178 ;
compared with deltas of Mississippi,
Rhone, and Volga, 181-182; choice
of outlet for improvement, 1go.

Delta of the Mississippi, 179-181 ;
rise of tide in front of, 179 ; descrip-
tion and extent of, 180; yearly advance
of, at outlets, 180; compared with
Rhone, Danube, and Volga deltas,
181-183; selection of outlet for im-
provement, 194.

Delta of the Nile, 176-177; descrip-
tion and extent of, 176; proportion
of alluvium to flood discharge, 176 ;
source of alluvium of, 176 ; depth over
bars at outlets, 176-177; compared
with other deltas, 182; irrigation
works in, 463-464.

Deltaof the Rhone, 175-176, 187-190;
description of, 175 ; rate of advance,
175; proportion of alluvium dis-
charged by main branch, 175; depth
formerly over bar of main outlet, 176;
jetties, or embankments, constructed
to direct main outlet, and their effects,
187-189; causes of failure of jetties,
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Dordogne River.]

189-190, 20I; compared with Mis-
sissippi, Danube, and Volga deltas,
181-182.

Delta of the Volga, 178-179; descrip-

tion of, 178; estimated rate of ad-
vance, 179; two main navigable
channels of, 179; shallowness of
Caspian in front of, 179; compared
with Rhone, Danube, and Mississippi
deltas, 182-183.

Deltas, 173-184; instances of rivers

forming, 19 ; cause of formation, 174 ;
bar formed in front of outlets of, 174 ;
conditions influencing rate of advance
of, 174-175;

description of, — Rhone, 175-176 ;
Nile, 156-177; Danube, 177-178;
Volga, 178-179; Mississippi, 179-
181;

comparison of, 181-183 ; methods
of improving outlet of, 183-184; de-
scriptions of works at, 184-201.

Detritus, progression of, in rivers, 51—

52, 57-59; occurrence of, 51 ; indica-
tions of, 51-52; accelerated and in-
creased by floods, 52; influence of,
57-58; injuries caused by, 58; me-
thods of arresting or reducing, 58-
59; promoted by embanking rivers,
169.

Dipper Bucket Dredger, 80-81 ;

description of, 80-81; capacities of,
80; suitability of, 81, 89; largely
used in America, 89 ; limits to use,
89-90; steam digger used on Clyde,
254.

Discharge of Dredged Materials, 92—

95; ordinary methods for, 92; by
chain of buckets, 92-93 ; direct into
wagons, 93; through long shoots 93—
94; along floating tubes, 94-95;

from hopper barges — in Clyde
estuary, 254; in sea from Tyne, 260;
in sea from Tees, 266-267; in Bristol
Channel from Usk, 273;

on banks by floating tubes at
Amsterdam Canal, 565; behind banks
by long shoots and floating tubes on
Baltic Canal, 573 ; by soil transporter
on the Manchester Canal, 584; on
side banks by long shoots at Suez

Index. 665

Canal, 6o4; by special elevator on
higher ground at Suez Canal, 6os.
Discharge of Rivers, influence of
forests and vegetation on, ¢; effect
of seasons on, 10-II; influence of,
strata on, TI-12; ratio of, to rainfall,
13; measurement of, 21-36 ; formule
for, 39-48; ratios of maximum to
minimum, 50; proportion of alluvium
to, of Rhone, 175; maximum and
minimum, of Nile, 176; proportionate,
of branches of Danube delta, 177 ;
of Danube at high and low water,
178 ; of Volga in flood and at low
stage, 179; mean, of Mississippi, 180;
fresh-water, of Seine, 233 ; fresh-water,
of Mersey, 233, 276 ; maximum, mini-
mum, and average, of Weser, 300;
maximum and minimum, of Loire,
305 ; of Indus in flood compared with

Nile, 429. .

Dnieper-Bug Canal, supplied by re-
servoirs, 367; link in waterway be-
tween Baltic and Black Sea, 51%.

Dnieper River, basin and length of,
3 ; impeded by rapids, 515 ; regulated
in worst places, 515 ; length of navig-
able portions of, 515; connected with
Duna, Niemen, and Bug by canals,
517.

Dniester River, source of, in Austria,
510; peculiar condition of, 515; re-
gulated in worst places, 515.

Don Navigation, instance of water-
way with large traffic in England,
4975 depth of, and dimensions of
locks on, 477.

Don River, basin and length of, 3;

proposed connection of, with Volga,
348.

Don-Volga Canal (proposed) for con-

necting Black Sea with Caspian, 348 ;
short length only requisite for, from
Volga to a tributary of Don, 518.

Dora-Baltea River, supplying Ivrea
and Cigliano Canals, 441; Cavour
Canal carried over, in an aqueduct,
442; supplementary supply for Cavour
Canal drawn from, 442.

Dordogne River, ratio of maximum
to minimum discharge of, 5.

Y 2
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Double Locks, for saving time and

water in locking, 386 ; advantages of,
in flights of locks, 371-3%2, 386.

Douro River, navigable in Portugal,

496; traffic on, in Spain diverted
by railways, 497; bad condition of,

497.

Drainage Canals, for discharging rain-

fall of low-lying lands, 344; used
sometimes for navigation, 344; con-
flicting interests of, and navigation

. canals, 344.
Draw-Door Weirs, I113-120; construc-

tion of, 113; at mills, 113 ; alongside
fixed weirs on Upper Thames, 113;
description of, at Teddington, 113-
114 ; in Indian dams, 114 ; sliding on
free rollers, 115;

description of, with free rollers—
at Belleek, 115-116; at Ballinasloe,
116; at Richmond on the Thames,
116; on Manchester Canal, 11¥, 565,
566-567 ;

segmental gates forming, 117-118;
remarks on, 119-120; for forming
shallow reservoirs to supply canals
and rivers in Russia, 367-368.

Dredgers, 71~-90; object of, 71; bag,

and spoon, 72-73; bucket-ladder,
73-80; dipper bucket, 80-81; grab
bucket, 81-82; sand-pump, 83-87;
eroding, 87-88; remarks on, 88-go;
discharge of materials from, 92-95 ;
for enlarging trench of ship-canals,
354. See Bagand Spoon Dredger,
Bucket-Ladder Dredger, &c.

Dredging, 71-9o; definition of, ¥1;

various machines used for, 72-9o0;
cost of, 73, ¥8-80, 82, 85; early
attempt to lower Sulina bar by,
184; on South-West Pass bar of
Mississippi, 184 ; at mouths of Volga,
185-186; in Sulina branch, 194 ; com-
menced at South Pass of Mississippi,
197 ; limited application of, at outlets
of tideless rivers, 200; commenced
at Sulina mouth todeepen barchannel,
200 ; prospects of, at Sulina as com-
pared with South Pass outlet, 201; in-
side Dublin harbour, 211 ; at outlet of
‘Wear, 215 ; in Yarmouth Haven, 218;

Index. [Double Liocks.

in tidal rivers, 250-251; in Clyde,
and results, 252, 253-258 ; in Tyne,
260-261 ; results of, in Tyne, 262—
265 ; in Tees, 266—26Y% ; results of, in
Tees, 268-271 ; in Usk, 272-274; on
Mersey bar, 278-280; importance of,
for tidal rivers, 280 ; in trained chan-
nel of Dee, 292 ; in Ribble estuary,
294, 296 ; in Lower Weser and estuary,
301, 302; in Loire estuary, 308-309 ;
amount of, on Manchester Canal,
584-585 ; methods of, on Suez Canal,
603-604; plant for, on Suez Canal,
604-605 ; plant for, on Panama Canal,
630; proposed, for forming Nicaragua
Canal, 637, 638, 639, 640.

Drum Weirs, 142-144 ; description of,
on Marne, 142 ; method of working,
143 ; at Joinville on the Marme, 143 ;
on the Main, 143; at Charlottenburg
on the Spree, 143-144; facility of
working, 144 ; cost of, 144 ; remarks
on, 147.

Duke Alexander of Wurtemburg
Canal, connecting river Cheksna with
river Soukhona in Russia, 518 ; link
in waterway connecting Baltic and
Caspian with White Sea, 518.

Duna River, flowing into Baltic, 5153
regulated in worst places, 515; con-
nected by a canal with the Dnieper,
517.

Durance River, value of, for supply-
ing irrigation canals, 444; oblique
weirs across, for supplying Crapponne
and Alpines Canals, 443 ; masonry
weir across, for supplying Marseilles
Canal, 446 ; Verdon Canal supplied
by river Verdon, a tributary of, 446 ;
supplying, canals in Vaucluse, 448-
449-.

Dutch Waterways, 486-489 ; general
description of, 486-487; principal
canals, 487; north-western and north-
eastern, connected by Zuider Zee, 487;
principal navigable rivers, 487; length
of, 487-488; length of, in proportion
to area, 488 ; control of, 488 ; dimen-
sions and tonnage of largest vessels
navigating, 489 ; description of Am-
sterdam and Merwede Canal, 489 ;
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Embankment of Rivers.]

dimensions of — large inland
canals, 489; canals of peat districts,
489; canals accommodating sea-going
vessels, 489 ;

importance of, 489~490; fluctua-
tions of traffic on, 490.

Duty of Water for Irrigation, 418-

419; definition and importance of,
418 ; conditions affecting, 418; varia-
tion in, 419.

Dwina River, outlet of, deepened by

jetties, 208. .

Dykes, submerged cross, for regulating

depth of rivers, 56-57; form and con-
struction of, 57 ; adopted on Rhone,
57; for contracting and deepening
head of South Pass of Mississippi,
195.

E.

Earthen Reservoir Dams, various

canal reservoirs formed by, 365-367 ;
conditions affecting choice between,
and masonry dams, 368; construction
of, 368-369 ; positions of outlet cul-
verts for, 369 ; valve towers and bye-
washes at, 369 ; in Bombay, 422.

Earthwork for Canals, 354-355; large

amount of, 354; dredgers used for
enlarging trench, 354; excavators
employed for, in large cuttings, 354~
355; materials removed bylongshoots
and floating tubes, 355 ; care required
in forming slopes, 355; slopes pro-
tected from wave-action, 355~356.

Eastern Jumna Canal, for irrigating

the Punjab, 437; drawing supply
from the Jumna, 437 ; discharge of,
437; area irrigated by, 437; cost
of, per acre irrigated, 458; return
yielded by, 459.

Ebbw River, forming hard shoal at

conflunce with Usk, 2%2 ; refuse from
riparian works brought down by, into
Usk, 273.

Ebro River, outlet for, provided by

San Carlos Canal away from delta,
199; supplies Aragon Canal, 451;
canalization of, 496 ; loss of traffic on,
496 ; utilized for irrigation, 496.

Hems Canal, one of the large canals of

Index. 667

Holland, 487 ; giving Groningen ac-
cess to the sea, 48%.

Egyptian Deltaic Canals, 463-464;
inundation, in Nile delta for filling
basins, 463 ; extended and deepened
for summer irrigation, 463; dis-
advantages resulting from deepened
and embanked canals, 463—464; supply
for, regulated and stored up by sluice-
gates across Nile, 464.

Eider Canal, Baltic formerly connected
with North Sea by, 571 ; route and
length of, 571 ; rise and fall of, 571;
inadequate for requirements of Ger-
many, 571 ; absorbed by Baltic Canal,
576.

Eider River, formerly part of waterway
across Holstein, 571 ; shallow and
winding channel of, 571; formerly
connected with Baltic by Eider Canal,
576 ; average level of Lower, lowered
to level of Baltic Canal, 576; con-
nected with Baltic Canal by lock at
Rendsburg, 576-577.

Ekruk Reservoir, capacity and area
of, 422; for irrigation in Bombay,
422 ; height and length of earthen
dam forming, 422.

Elbe River, basin and length of, 3;
diagram of fall of, 15; instance of
river with estuary, 18 ; trained by banks
and cross jetties, 60; depth obtained
by regulation works, 61 ; floods pre-
dicted on, 15T ; navigable length and
depth of, 506; connected with the
Havel by a canal, 507; traffic on, in
Germany, 508, 509~5I0; navigable
length of, in Austria, 511; traffic on, in
Austria, 511 ; chain laid down in, for
towage, 543 ; chain in, preferable to
tugs in some places, 544 ; outlet for
Baltic Canal, 572 ; maximum range of
tide in, at entrance to Baltic Canal, 575.

Electrical Towage, 548; conditions
favourable for, 548 ; description, and
cost of, on Bourgogne Canal summit-
level, 548.

Ellesmere Canal, supplied by Bala
Lake and reservoirs, 366.

Embankment of Rivers, 160-166;
advantages of, 160; instances of,
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161 ; advantages of low banks for,
161-162; objects and disadvantages
of high embankments, 162-163; of
Mississippi, 163-164; of Po through
Lombardy, 164-165 ; of Theiss, 166 ;
raising of river-bed produced by, 167-
168; effect of, in upper valleys, 169 ;
success of, for Upper Rhone, 169;
advantages and disadvantages of, 170-
171,

Ems River, portion of, canalized, 506 ;

connected by canals with the Jade and
Hunte, 50%.

Ems-Jade Canal, connecting the Ems
with the Jade, 507; depth of, 507.
Enlargement of Channel, rate of,
323-325; irregular, in untrained es-
tuaries, 323 ; instances of, in rivers,
323-324; examples of, in trained
channels, 324 ; limits of suitable rates

for, 324.

Erie Canal, providing a waterway
between New York and the lakes,
347; route and length of, 527-528;
original and enlarged dimensions of,
533 ; proposed reconstruction of, 533~
534; traffic on, 535.

Erne River, water-level of, regulated
by weir at Belleek, 115-116.

Eroding Machines, 87-88 ; rakes and
harrows tried on bars of Danube and
Mississippi, 87; rakes used on Stour
and Danube, 87; scrapers employed
on Upper Mississippi and Missouri,
87; revolving cylinder with spikes
drawn along Fen rivers, 87; descrip-
tion of ‘eroder’ used on Witham, 88.

Eskilstuna Canal, first canal in Swe-
den constructed with locks, 503;
connecting Eskilstuna and Lake
Hjelmar with Lake Milar, 503.

Esla Canal, supply for, drawn from
river Esla, 451; area irrigated by,
451 ; cost of, per acre irrigated, 459.

Esla River, valley of, irrigated by Esla
Canal, 451; masonry weir across,
for supply of Esla Canal, 451.

Estuaries, 245-249 ; instances of tidal,
18; contrast presented by tidal, to

“ outlets of tideless rivers, 173 ; expedi-
ency of gradual enlargement of, to-

Index. [Embankment of Rivers.

wards outlet, 246 ; variety in forms of,
246; instances of irregular, 246;
instances of, with contracted out-
let, 24%; instances of tidal rivers
devoid of, 247 ; effect of form on con-
dition, 24%7; remarks on influences
of forms of, 248-249; training works
in, 281-326; experimental investiga-
tions on training works in, 327-342;
uncertainties as to effects of training
works in, 327-328.

Eure River, ratio of discharge of, to
rainfall, 13.

Evaporation, 8-9; causes of variation
in, 8; effect of, on Caspian, Dead
Sea, and Lake Chad, 8; influences pro-
ducing maximum and minimum, 8-9;
reduced by percolation, 9 ; loss from,
in tanks in India, 420.

Excavators, 95-99 ; importance of, for
ship-canals, 71 ;

description of —bucket-ladder, 95—
97; steam navvy, 97-98; grab, 98;

remarks on, 98-99; used in large
cuttings on ship-canals, 354-355; for
forming Baltic Canal, 573; number
of, used on Manchester Canal, 584;
number of, employed for Panama
Canal, 630.

Exeter Canal, dimensions of lock on,
376.

Experiments with Model Estuaries,
327-342; objects of, and methods of
conducting, 327-331; of tidal Seine,
and results, 331-337 ; of Mersey estu-
ary, 337-342 ; conclusions from, 342;
remarks on, 342.

.

Fall of Rivers, 14-15; variation in,
14; diagram of, 15; definition of,
and mode of expressing, 22; in Fen
rivers, 154; loss of, by obstructions,
157 ; increased by straight cuts, 160
small, in case of Volga, 178 ; improve-
ment of, in tidal portion of Fen rivers
by straight cuts, 284~288.

Fascine Mattresses, for forming train-
ing banks, 54; in Mississippi South
Pass jetties, 194~195; used for regu-
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Fontinettes Canal Lift.]

lating head of Mississippi passes, 195 ;
jetties at new mouth of Maas formed
with, 222; in training works at
outlet of new Witham outfall, 286;
employed for training works of Weser,
30I.

Fen Rivers, 284-289; small fall of,

154; catch-water drains used in
basins of, 154 ; advantages of enlarg-
ing channel of, 160; value of straight
cuts for, 160; pumping for draining
low lands of basins of, 166; training
works and straight cuts for improving
outfalls of, 284-280.

Finow Canal, length of, 507 ; connect-

ing the Havel with the Oder, 507; to
be partially utilized for Berlin Ship-
Canal, 650.

Fiumicino Canal, for avoiding delta of

Tiber, 498 ; length and size of, 499 ;
traffic on, 501.

Fixed Weirs, 108-112; form, and

disadvantages of, 108; modifications
of, 109; oblique, on Severn, 109;
angular and horse.shoe, 110; on
River Lot, 110; construction of, 111 ;
anicuts in India, 111-112 ; advantages
and defects of, 119; of masonry across
Ticino for Naviglio Grande, 443 ; of
fascines, timber, and boulders, across
Durance for Crapponne and Alpines
canals, 445; of masonry with mov-
able shutters across Durance for
Marseilles Canal, 446; of masonry
across Verdon for Verdon Canal, 448 ;
of timber, fascines, and bouldersacross
Durance for St. Julien Canal, 449;
of masonry across Henares and Esla
for canals, 451; of crib-work and
rubble across Platte for Highline
Canal, 453; of crib-work across Salt
River for Arizona Canal, 453; of
crib-work for Bear River Canal, 454.

Flights of Locks, made double to

reduce consumption of water, 371~
372, 379; instances of, 378-379;
advantages of, 379 ; replaced at Neuf-
fossé Canal by lift, 404 ; on Caledonian
Canal, 599.

Floating Tubes, 94-95; for discharge

of dredgings on to banks—in Amster-

Index. 669

dam Canal, 94, 355, 568; in enlarge-
ment of Ghent-Terneuzen Canal, 94—
95, 355; in construction of Baltic
Canal, 573.

Floats, 25-27 ; surface, 25; objections
to surface, 25 ; forms of double, 26~
2% ; tube, 27; velocity-rods for, 27;
views about double, 33 ; objections to
double, 33; advantages of tube, and
limited use of, 34; tidal ebb and flow
on Clyde observed by, 255.

Flood and Ebb Tides, relative influ-

ences of, in a river, 236; advantages
of uniformity in action of, in a river,
236; results of conflicting action of,
236-237; instances of blind channels
formed by flood, 237.

Floods, 148-171; value of forests in

reducing, 9; increased by clearing
forests, 10; rarity of, in Seine in
warm season, 10; influence of winter
rains on, 10; greatest, produced by
rain on melting snow, 10; summer,
caused by melting of glaciers, 11;
influence of strata on, 11-12; differ-
ences in time of arrival of, from
tributaries, 12; value of movable
weirs for passage of, 121-122; causes
of, 148-149 ; prediction of, 149-152;
conditions influencing height of, 149—
150; in Seine basin, 150; arrange-
ments for predicting, 151; value of
predictions of, 151-152; methods of
providing protection from, 152-171;
caused by breaches in Mississippi
levees, 163 ; in valley of Po, 164, 165 ;
increased height of, on Po, Adige,
and Reno, 165 ; in Loire valley, 166 ;
of Theiss, 166 ; of Yellow River, 167~
168; of embanked Japanese rivers,
168 ; rating for protection from, 170;
measures for mitigating, 170-1y1;
mitigation of, by improvement of
river outlets, 171.

Florida Ship-Canal (proposed), route
proposed for, 648 ; length and course
of, 648 ; object of, 648.

Fontinettes Canal Lift, 404—408; to
accommodate large traffic on Neuf-
fossé Canal, 404 ; description of, 405 ;
weight and height raised, 405—406;
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method of working, 406-407; cost
of, 407; time occupied in passing
through, 408; traffic through, 408;
settlement of one of the presses, 408.

Forests, influence of, in reducing eva-
poration, 9; effective rainfallincreased
by, 9; value of, on mountains, 9;
injuries caused by clearing, 10; dimi-
nution of floods by promoting growth
of, 153-154.

Formula, for velocity of flow—mea-
sured by gauge-tubes, 30; with hydro-
dynamometer, 32;

for deducing mean velocity from
maximum, 38.

Formule of Discharge, 39—48; im-
portance of general, 39 ; derived from
observations, 39; Prony’s, 40; Chézy’s,
simplified, 40; Chézy’s adapted by
Downing, 40; Humphreys and Ab-
bot’s, 41—42; Darcy and Bazin’s,
42-44 ; Ganguillet and Kutter’s,
44-47-

Forth and Clyde Canal, instance of
canal connecting two rivers, 3438;
depth of, 351; reservoirs supplying,
366; rise, fall, and length of, 474;
instance of waterway with large
traffic and revenue, 477 ; dimensions
of locks on, 477.

Forth and Clyde Ship-Canal (pro-
posed), schemes proposed for, 647 ;
lengths of, 647 ; objects of, 647.

Foss Dyke, early construction of, 475 ;
course and length of, 475.

Frame Weirs, 122-132; arrangement
of, 122 ; needle, 123126 ; with sliding
panels, 126-128; with hinged cur-
tain, 128-129; suspended,with curtain,
129-132 ; remarks on, 145.

Franz Canal, course of, 512 ; construc-
tion and extension of, 512 ; length of]
512; used for navigation and irriga-
tion, 512.

Free Rollers for Draw-Doors, 115-
117 ; advantages of, 115, 117 ; method
of working, 115 ; sluice-gates working
on, at Belleek, 115-116; at Ballin-
asloe, 116; at Richmond, 116; at
Manchester Canal, 117, 364, 585-

587.

Index.

French Irrigation Canals, 444~

[Fontinettes Canal Lift.

450; district watered by, 444; fed
by Durance, 444;

description of—Crapponne, 444-
445 ; Alpines, 445; Marseilles, 445~
446 ; Verdon, 446-448; St. Julien,
448-449; Cabedan Vieux and Neuf,
and others, 449; Carpentras, 449-

450.

French Waterways, 480-486; early

development of, 480; construction of
Briare and Languedoc Canals, 481;
extensions of canals, 481 ; main rivers
connected by canals, 481-482; ex-
tension of, by lateral canals and canal-
ization of rivers, 482; neglect of,
for railways, 482; reaction in favour
of, 482; improvement of rivers and
repurchase of conceded canals, 482;
reduction of tolls on, 482; recon-
struction of, to standard dimensions,
483 ; completion of links connecting,
483 ; lengths of, 483 ; control of, 484;
total and average traffic on, 484;
uneven distribution of traffic on, 484;
traffic on principal, 484—485; in-
crease in traffic on, 486 ; abolition of
tolls on, 486; proportionate length
of, to area, 488 ; average journey and
ton-mileage on, compared with those
on Russian and German waterways,

510.

Fresh-Water Discharge, of Tidal

Rivers, influence of, 230-231; of
Seine, 233; of Mersey, 233, 2%6;
value of, 234; tidal limit affected by
volume of, 238; importance of, for
maintaining outlet channel, 248; of
Weser, 300; of Loire, 305.

Fresno Canal, timber dam across

river Fresno for supply of, 452;
head-works of, 452; description of,
452.

Furens Dam, built across river Furens

for forming reservoir, 155 ; period of
construction, 370; general design of,
and maximum pressure on, 370.

Furens River, reservoir dam put

across to prevent inundations, 155;
tributary of Loire, 155; description
of high dam across, 370.
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G.

Ganges Canal, 439; form of double
float used for gauging flow of, 27;
velocity-rods employed for obtaining

mean flow of, 27; correspondence of

gaugings on, with Mississippi formula,
46 ; adapted for navigation, 436, 520;
course of, 439; aqueduct conveying,
across river Solani, 439; discharge
of, 439 ; length of, and area irrrigated
by, 439; cost of, per acre irrigated,
459 ; return yielded by, 459.
Ganges River, basin of, 3; length of,

4; tidal and deltaic, 19, 173, 232; |

rise of tide at mouths of, 232; weir
across, for supplying Ganges Canal,
439 ; weir across at Narora for Lower

Ganges Canal, 440; navigable portion |
of, 520; traffic on, diminished by |
railway, 520; navigation in delta of]

§20.

Garonne Lateral Canal, course and |

length of, 349 ; small traffic on, 485.

Garonne River, ratio of discharge of],

to rainfall, 13; instance of river
emerging into large estuary, 18 ; ratio
of maximum to minimum discharge
of, 50; rate and cost of dredging with
aquamotrice in, %3; prediction of
floods on, 151 ; lateral canal in place
of, 349.

Gauge-Tubes, 30-32 ; principle of, 30;

formula giving velocity of flow from
observations with, 30; description of,
31; method of observing with, 31—
32 ; limits of use, 35.

Geneva Iake, receives sediment of
Upper Rhone, 16 ; moderating influ-
ence of, on Rhone floods, 1%, 169.

Georgetown Incline, 396-397; posi-
tion and gradient of, 396 ; description
of caisson conveying barges on, 396 ;
method of working, 396-397; time

.. of transit on, 397.

German Waterways, 505-510; chief

rivers forming principal, 505-506;
navigable lengths and depths of, 505~
506 ; principal navigable tributaries,

506 ; canalized rivers, and sizes of

locks, 506-50%7; canals connecting

Index.
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rivers, 507; depths of, and sizes of
locks on canals, 507; route of pro-
jected canal to connect Berlin with
the Rhine, 507-508 ; lengths of, 508;
proportionate length of, to area,
508; traffic on, 508-509; increase in
traffic on, 509-510; average journey
and traffic on, compared to those on
Russian and French waterways, 519.
Ghent-Ostend Canal, connecting
Ghent with Bruges and Ostend, 491 ;
level course of, 492 ; depth of, and size
of locks on, 493 ; small traffic on, 494.
Ghent-Terneuzen Ship-Canal, 554~
556; discharge of dredgings for en-
largement of—by chain of buckets,
93; by floating tubes, 94-95, 355 ; by
long shoot, 953
excavators used in enlarging, 95—
96; dimensions of, 351, 555 ; forming
short route from Ghent to sea, 493,
555 ; traffic on, 494; large increase
of traffic on, 495, 556; early works
previous to, 554; commencement of,
554; extension of, 554—555; improve-
ment of, 555; enlargement of, 555;
eﬂ'gct of enlargement of, on traffic,
550-

Gironde River, instance of estuary

with contracted outlet, 247 ; forming
outlet to river Garonne, 349.

Glasgow and Paisley Canal, depth

of, 35%.

Gloucester and Berkeley Ship-

Canal, 551-552; lateral canal to
tidal Severn, 350; dimensions of,
351; route proposed for improved
waterway from Birmingham to sea,
478 ; object of, 551; description of,
55I-552; cost of, 551; proposed
improvement and extension of, 5523
estimated cost of proposed works,
552 ; advantages of, 552.

Godavery Canals, discharge of, 462
area irrigated by, 462; cost of, per
acre irrigable, 462 ; return yielded by,
462 ; used for navigation, 520; regular
traffic on, 520.

Godavery River, anicut or weir
across, 112, 461; delta of, irrigated
by Godavery Canals, 462.
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Gota Navigation, period of construc-
tion, 503-504; course, rise, and fall
of, 504; traffic on, 505.

Grab Bucket Dredger, 81-82; de-
scription of, 81; method of working,
81 ; capacity of, 81 ; capabilities of, 81~
82, go; worked by hydraulic power,
82 ; cost of dredging with, 82.

Grab Excavator, 98; capacity and
advantages of, ¢8; for excavating
foundations on Manchester Canal, 98,
584; limits of use, 99.

Grand Junction Canal, fed by reser-
voirs along summit-levels, 366 ; causes
of large traffic on, 476; tonnage of
vessels navigating, 478.

Grand Western Canal (Tiverton
Canal), description of lifts formerly
on, 399—40I.

Grappling Wheels for Towage,
548-549 ; adopted on Rhone, 548;
conditions unfavourable for, 548;
speed obtained by, 549.

Green River, improved by locks and
weirs, 527; traffic on, 536.

Guadalquivir River, rectified and
trained below Seville, 496; length
and depth of navigable portion, 496 ;
traffic on, 496.

Guadiana River, length of navigable
portion, 496 ; nature of traffic on, 497.

Gulf of Mexico, peculiar tide of, in
front of Mississippi mouths, 179 ; pro-
jection of Mississippi delta into, 180;
slope of bottom in front of Mississippi
compared with sea-slopes in front of
Rhone and Danube, 181; current in,
across outlets of Mississippi, 183.

H.

Hard Shoals, importance of removing,
from tidal rivers, 250-251; lowered
in Clyde by ploughing and dredging,
252, 256 ; reef blasted in bed of Clyde,
254; ledge of rock blasted in bed of
Tees, 26%7; lowered in bed of Usk by
dredging, 273 ; reef blasted in bed of
Ribble, 294.

Havel River, open navigation on,
506; canalized above Fiirstenburg,
506; connected with Oder by Finow

Index.

[Gota Navigation,

Canal, 507; in communication with
Elbe by Plaue Canal, 507.

Head-Works of Irrigation Canals,
434-436 ; construction of weir across
river for supply of Canal, 434-435;
sluices in weir across river at, 435
movable dam on top of solid weir,
435; form of regulator at, 435-436;
of Sone Canals, 438 ; of Ganges Canal,
439; of Cavour Canal, 442—443; of
Crapponne Canals, 445; of Fresno
and Calloway Canals, 452; of Del
Norte Canal, 453 ; of Arizona Canal,
453-454 ; of Bear River Canal, 454
of Idaho Canal, 455; of Turlock
Canal, 455-456.

Henares Canal, supply of, drawn from
river Henares, 451 ; area irrigated by,
451 ; description of, 451 ; cost of, per
acre irrigated, 459.

Henares River, valley of, irrigated by
Henares Canal, 451 ; weir across, for
supplying Henares Canal, 451.

Hennepin Canal, connecting Illinois
with Mississippi, 531 ; description of],
531 ; dimensions of, 531, 535.

Highline Canal, diverging from river
Platte,453; crib-work weiracrossriver
Platte, for supply of, 453 ; description
of, 453 ; flumes on, 453 ; cost of, per
acre irrigated, 459.

High-Water Line of Tidal Rivers,
238-239; ordinary level position of,
238; instances of rise of, 238-239;
causes of fall of, 239 ; instances of fall
of, 239 ; gain orloss of tidal capacity
indicated by, 239; conventional in-
dication of, 240; raised slightly at
Glasgow, 255; raised at Newcastle,
263 ; raised at Stockton, 269.

Hinged Curtain on Frame Weir, 128~
129, description of, 128; at Port
Villez weir, 129; compared with
panels at Suresnes, 129; used with
suspended frames, 130 ; at Poses weir,
131.

Hoang-ho River, a large river of
Asia, 4. See Yellow River.

Hooghly River, height of bore on,
242 ; connected with Orissa by Coast
Canal, 521,
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Huddersfield Canal, traverses ridge
separating Tame and Colne valleys
in Standedge tunnel, 362.

Hudson River, connecting New York
with Erie Canal, 347 ; connected with
Richelieu River and St. Lawrence by
Champlain Canal, 348, 532; traffic on,
535-536.

Humber River, instance of river with
estuary, 18; contrast of estuary of,
to tideless outlets, 173 ; irregularities
of estuary reduced by accretion, 247 ;
rate of enlargement of, 324.

Hungarian Waterways, 5II-5I4;
lengths of navigable rivers, 511-512;
course and length of canals, 512;
lengths of, 512; transport on, 513;
traffic on, compared with that of
Hungarian railways, 513-514.

Hydraulic Mean Depth, also called
hydraulic radius, 22 ; definition of, 22 ;
explanation of, 22-23.

Hydraulic Shutter Weir, description
of, 135; cost of, 135.

Hydrodynamometer, description of,

32; formula for, 32 ; sensitiveness of,

32, 35-
L

Idaho Canal, 454—455; supplied by
river Boise, 454 ; area irrigated by,
455; arrangements for introducing
supply into, 455 ; head-works of, 455;
cost of, per acre irrigated, 458.

Illinois and Michigan Canal, con-
necting Lake Michigan with Illinois
River, 34%, 528; link in waterway
between St. Lawrence and Mississippi,
348; length of, 528; dimensions of,
534-

Illinois River, connected with Iake
Michigan by a canal, 347 ; improved
by locks and weirs, 527.

Impermeable Strata, largeevaporation
from flat, 8; value of forests and
vegetation on, g9; influence of, on
floods of rivers, 11; form of river
valley in, 14.

Inclines for Canals, 389-398; to save
water and time, 389; form of, 389-
390; primitive, in China, 390; econ-

Index.
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omize works for changing level, 390;
methods of conveying barges along,
390; on Bude Canal, 391 ; on Shrop-
shire and Shrewsbury canals, 391-392;
on Morris Canal, 392-393 ; on Ober-
land Canal, 393; on Ourcq Canal,
393-394 ; on Chard Canal, 394~-3953
on Monkland Canal, 395-396; on
Chesapeake and Ohio Canal, 396-
397 ; similarity of, on small scale to
Ship-Railways, 397-398 ; remarks on,
comparing with lifts and locks, 410~
414.

Indian Dams, 114-1I5; description
of, 114-115; across Sone for Sone
Canals, 438 ; across Ganges at Narora
for Lower Ganges Canal, 440.

Indian Perennial Canals, 437-440;
462-463.

Upper, — Western Jumna, 437;
Eastern Jumna, 437; Agra, 437; Sir-
hind, 437-438; Bari Doab, 438;
Sone, 438-439; Ganges, 439; Lower
Ganges, 439-440 ; cost of, and return
yielded by, 458-459;

Deltaic,—Orissa, 462; Godavery,
462; Kistna, 463; Cauvery, 462-
463. .

Indian Shutter Weirs, 134-135; in
Mahanuddee and Sone dams, 134;
hydraulic brakes for, 135.

Indus River,suppliesinundation canals
in Punjab and Sind, 429 ; rise and fall
of, 429 ; flood discharge and silt of,
compared with those of Nile, 429;
causes of changes in course of, 430 ;
navigable portion of, 520; diversion
of traffic from, by railways, 520.

Inland African Sea (proposed), to
be formed by a canal from the
Mediterranean, 648 ; estimated extent
of depression proposed to be filled,
648 ; probable effect of, on climate
and vegetation, 648.

Inland Navigation, 467-538 ; views
held with regard to, on continent, 467—
468 ; influence of railways on, 468 ;
importance of, penetrating far inland,
468-469 ; conditions affecting con-
struction of canals for, 469-470;
traffic dependent on trade in bulky
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goods, 470-4%1; extended by con-
necting rivers by canals, 472-474; in
relation to European countries, 473 ;
in Great Britain, 475-480 ; in France,
480-486; in Holland, 486-491; in
Belgium, 491-496 ; in Spain, 496—
497 ; in Italy, 497-501; conditions
affecting, 502-503 ; in Sweden, 503~
505; in Germany, 505-510; in
Austria-Hungary, 510-514; in Russia,
514~-519; inIndia, 519-521; in Canada,
521-525; in the United States, 525~
538. See Inland Navigation—in
Great Britain, in France, in
Holland, &c., &c. .

Inland Navigation in Austria-
Hungary, 510-514; lengths of prin-
cipal waterways, 5I0-5II; unsuit-
ability of Austria for, 511 ; traffic by,
in Austria, 511; fair condition of
Hungary for, 511 ; lengths of water-
ways for, in Hungary, 5I11-512;
transport by, in Hungary, 513 ; traffic
by, in Hungary compared with traffic
on Hungarian railways, 513-514.
See also Austrian Waterways and
Hungarian Waterways.

Inland Navigation in Belgium, 491
496; facilities for, 491; principal
routes of, 491-492; extent of, 492-
493 ; traffic by, 493-495 ; traffic by,
compared with traffic on Belgian rail-
ways, 495-496. See also Belgian
Waterways.

Inland Navigation in Canada, 521~
525; provided by St. Lawrence and
lakes, 521; description of main line
of, 521-522; rivers and canals pro-
viding, 522-523; dimensions of canals
and locks for, 523-524; traffic by,
524-525. SeealsoCanadian Water-
ways.

Inland Navigation in France, 480-
486; commencement of, 480-481;
extension of, 481-482; progress of,
482-483 ; length of, 483-484 ; traffic
by, 484-486. See also French
Waterways.

Inland Navigation in Germany, 505~
s10; facilities for, 505; rivers for,
505-507 ; canals for, 507-508; lengths

Index.

[Inland Navigation.

of, 508; traffic by, 508-510. Seealso
German Waterways.

Inland Navigation in Great Britain,
475-480 ; developments of, 475-476;
causes of decline of, 476 ; instances
of waterways with large traffic, 476~
477 ; hindrances to through traffic,
477-478 ; methods of promoting,
478-479 ; lengths of waterways for,
479-480; traffic by, 480; length of
waterways in proportion to area, 488;
average journey, 5IQ.

Inland Navigation in Holland, 486-
491 ; ‘peculiar suitability for, 486 ;
principal routes of, 486-487 ; length
of, 487-488; control of, 488; sizes
of vessels and dimensions of water-
ways for, 488-489 ; remarks on, 489-
490. See also Dutch Waterways.

Inland NavigationinIndia, 519-521;
basins of rivers suited for, 519 ; rivers
used for, 519-520; diversion of traffic
from, to railways, 520; irrigation
canals adapted for, 520; canals con-
structed for, 520-521.

Inland Navigation in Italy, 497-501;
country only partially suitable for,
497 ; development of, 498; length
and sizes of waterways for, 499;
control of, 500; traffic by, 500-50I.
See also Italian Waterways.

Inland Navigation in Russia, 514~
5193 country suitable for, 514 ; rivers
used for, 514-516 ; canals constructed
for, 516-518; lengths of, 518-519;
traffic by, 519. See also Russian
Waterways.

Inland Navigation in Spain, 496-
497 ; unfavourable country for, 496 ;
rivers adapted for, 496-497; canals
constructed for, 497; traffic by, re-
duced by railways, 496, 497.

Inland Navigation in Sweden, 503~
505; limited extent of, 503; con-
struction of canals for, 503 ; various
waterways for, 503-504 ; traffic by,
505.

Inland Navigation in the United
States, 525-538; suitable conditions
for, 525-526; rivers serving for, 526~
527 ; canals constructed for, 527-531;
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Inundation Canals, 426431 ;

Chicago Drainage Canal to be used
for, 531-533 ; sizes of waterways for,
533-535; traffic by, 535-537; Te-
marks on, 537-538. Seealso United
States Waterways.

Interoceamc Ship-Canals, 596-649;

ancient schemes for, 596-597; Canal
des Deux Mers, or du Midi, 481, 597~
598; Caledonian, 598-599; Suez, 600-
615; Corinth, 615-621 ; Perekop, 621~
622; importance of, across Isthmus
of Panama, 623-624; routes pro-
posed for, across Isthmus of Panama,
and Ship-Railway,624-625; Panama,
625-634; Nicaragua, 635-643; Pa-
nama and Nicaragua, compared, 643
647 ; - schemes proposed for, 647-
649.

objects
of, 426; branching off from rivers,
427 ; position and protection of head
of, 427 ; precautions needed to obviate
silting up of, 427-428 ; from Nile in
Egypt, 428-429; from Indus in Pun-
jab and Sind, 429-430; difficulties
resulting from changes in Indus, 430;
remarks on, 430-431.

Inundations, protection from,152-171;

extent of, required, 152-153 ; methods
‘of affording, 153 ; by planting moun-
tain slopes, 153-154; by regulating
torrents and arresting detritus, 154;
by catch-water drains, 154-155;
reservoirs for, I155-157 ; by removing
obstructions from channel, 157-158;
utility of movable weirs for, 158-159;
enlarging river channel for, 159-160;
by facilitating discharge by straight
cuts, 160; embankments of rivers
for, 160-166; objection to embank-
ments for, 167-168; pumping for
preventing,” 168+ in upper valleys of
rivers, 169; refuge ports from, and
ice, on rivers, 169 ; remarks on, 169—
171; cessation of, in Glasgow from
deeping of Clyde, 257-258 ; cessation
of, above Newcastle from deepening
of Tyne, 263.

Irrawaddi River, deltaic and tidal, 19;

double floats employed for gauging
flow of, 26; discrepancy of results of

Index. 675

observations with current-meters and
doublefloats on, 38; navigable portion
ofy 520; highway of trade, 520.

Irrigation, weir for, across Rosetta

branch of Nile, 118 ; crops in some
countries dependent on, 344, 415;
regions of globe needing, 415; sources
of supply of water for, -416 ; pro-
ductive, and protective, works, 416~
417 ; hydrology in relation to, 417-
418 ; duty of water for, 418-419;
tanks for, 419-420; works for, 420~
421 ; reservoirs for, 421-425; canals
for, 425465 ; remarks on, 465-466.

Irrigation Canals, 344340, 425-466 ;
supplied by rivers, 344, 418; con-
trolled by sluices, 344 ; supply of, from
reservoirs, 345; regulation of flow in,
345 ; conditions affecting value of,
345 ; importance of, in India, Egypt,
and othercountries, 345-340; instances
of, in India, 346 ; made available in
Indiafornavigation, 346 ; resemblance
of, to large conduits, 346; four classes
of, 4253 from reservoirs, 425-426;
inundation, 426-431; definition of
perennial,432; two classes of perennial,
433; works of upper perennial, 433—
436; adapted for navigation, 436-437 ;
upper perennial, in various conntries,
437-450; remarks on upper perennial,
456-458; cost of, and return yielded
by upper perennial, 458-460; design
of deltaic perennial, 460; works for
deltaic, 460-462; deltaic, in India
and Lower Egypt, 462-464 ; remarks
on deltaic, 464-465 ; used for navi-
gation in Italy, 498; serving for
navigation in India, 520.

Irrigation Canals,described—Aragon,

450-451; Arizona, 453-454; Bear
River, 454, 458 ; Calloway 452, 459 ;
Caluso, 441; Carpentras, 449-450;
Cavour, 442-443; Crapponne, 444~
4453 Del Norte, 452-453; Fresno,
452; Ganges, 439, 459; Henares,
451,459 Highline, 453, 459; Idaho,
454~455; Ivrea, 441 ; Lower Ganges,
439-440 ; Marseilles, 445-446; Na-
viglio Grande, 443-444; Sone, 438-
439 ; Turlock, 455-456; Verdon,
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446-448. See also Aragon Canal,
Arizona Canal, &c.

Irrvigation Canals, referred to,—Agra,
437, 459; Alpines, 445, 459; Bari
Doab, 438, 459 ; Cabedan Neuf, 449;
Cabedan Vieux, 449; Cauvery, 462—
463; Chenab, 458, 459; Cigliano,
441-442 ; Eastern Jumna, 437, 458;
Esla, 451, 459; Godavery, 462;
Jucar, 450; Kistna, 462, 520; Kur-
nool, 520; Midnapore, 520; Mutha,
426; Muzza, 444; Nira, 426; Orissa,
462, 520 ; Orissa Coast, 520, 52I;
St. Julien, 448-449; Sidhnai, 458,
459 ; Sirhind, 437-438; Western
Jumna, 437, 459. See Agra Canal,
Alpines Canal, &c.

Irrigation' Works, 416-466; productive
and protective, 416-417; importance
of hydrology with reference to, 417-
418 ; tanks in India, 419-420 ; wells
in India, 420-421;

reservoirs — in India, 421-422;
in Spain, 422—423; proposed in Upper
Egypt, 423; in South Africa, 423;
designed in Western North America,
423-424; remarks on, 424-425;

canals from reservoirs in India, 425—
426;

inundation canals, — 426-428; in
Egypt, 428-429; in India, 429-430;
remarks on, 430431 ;

upper perennial canals,— 432-436;
in India, 437-440; in Northern Italy,
440-444; in South of France, 444-
450 ; in Spain, 450-451; in United
States, 451-456; remarks on, 456-
458 ; cost of, 458-460;

deltaic perennial canals—460-462;
in India, 462-463 ; in Lower Egypt,
463-464; remarks on, 464-465;

general remarks on, 465-466.

Irwell River, description of tilting
weir across, 141; Old Barton aque-
duct formerly carrying Bridgewater
Canal over, 361; flow of, in Man-
chester Ship-Canal controlled by
sluice-gates, 364, 586; supplying Man-
chester Ship-Canal with water, 564.

Isle River, description of shutter weir
across, 133-134.

Index.

Isthmus of Panama,importance of cut-

[Irrigation Canals,

ting waterway through, 623 ;

routes proposed for canal across, —
Nicaragua, 624 ; Panama, 624; San
Blas, 624; Atrato, 624 ; Tehuantepec
Ship-Railway, 624-625.

Italian Irrigation Canals, 440-444;

commencement of, in Lombardy and
Piedmont, 440 ; differences in supply
of, in Lombardy and Piedmont, 440;
difficulties in utilizing Po for, 440-
441 ; extent of, and area irrigated by,
formerly in Piedmont, 441; Caluso,
441 ; Ivrea, 441; Cigliano, 441-442;
Cavour, 442-443; area irrigated by,
and supply of, in Lombardy, 443;
Naviglio Grande, 443-444 ; Muzza,
444-

Italian Waterways, 498-501; con-

struction of canals in the Po basin
and near Milan, 498; Venetian rivers
connected by canals, 498; Ravenna
connected by canal with Adriatic,
498 ; lateral canal avoiding Tiber
delta, 498; canals in valley of Amo
and Pontine marshes, 498 ; improve-
ment of various rivers in progress,
498; lengths of, 499; depths of
rivers, 499 ; sizes of canals, 499 ; locks
on canals, 499-500; controlled by
State, and free of tolls, 500; traffic on,
500—-501.

Ivrea Canal, description of, 441 ; area

irrigated by, 441.
J.

Jade River, estuary of, joining Weser

estuary, 300; connected with the Ems
by a canal, 507.

James River, extent of navigation on,

527 ; traffic on, 536.

Japanese Rivers, beds of, raised owing

to .embankments, 167 ; railways on
plains carried under raised, 167 ; dis-
astrous floods of, due to breaches, 168.

Jets of water or air under pressure for

removing soft shoals, 58.

Jetties, cross, for regulating rivers,

54 ; parallel, at tideless river outlets,
186-198 ; at outlets of tideless rivers
free from silt, 205-209; at the Swine
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Leeds and Liverpool Canal.]

mouth of Oder, 205-20%; at mouth of
Vindau, 207-208 ; at mouth of Dwina,
208 ; at mouth of Pernow, 208; at
mouths of Chicago, Buffalo, and
Oswego, 208; converging, at mouth
of Merrimac, 211, 212 ; built formerly
at mouth of Wear, 214 ; at mouths of
tidal rivers, 216-228 ; materials used
for, 22%;

forregulating — Clyde, 252; Tyne,
258 ; Tees, 265; Ribble 294.

Jetties at Mouths of Tidal Rivers,
216-228 ; object of, 216-218; in-
stances of, 217;

at mouth of — VYare, 218-219;
Adur, 219; Adour, 219-221; Maas,
222-224 ; Nervion, 224-226 ; remarks
on, 226-228,

Jucar Canal, supply for, drawn from
river Jucar, 450; length of, and area
irrigated by, 450.

Jumna Canals, see Western Jumna
Canal and Eastern Jumna Canal.

Jumna River, weir across, at Okhla,
112,437 ; supplying Jumna and Agra
canals, 437.

K.

Kali Nadi Aqueduct, carrying Lower
Ganges Canal across Kali Nadi valley,
440.

Kanawha River (Great), description of
shutter weirs erected across, 138-139;
double groove for prop at shutter weirs
across, 140; advantages of shutter
weirs for, 141 ; improved for naviga-
tion by locks and weirs, 527 ; increased
traffic on, 529; size of locks on, 533 ;
traffic on, 536.

Kennet and Avon Canal, connecting
two rivers, 348.

Kern River, fed by snows of Mount
Whitney, 152 ; timber weir across for
supplying Calloway Canal, 152.

Kinda Canal, branch of Gotanavigation,
504 ; period of construction and length
of navigation, 504; rise of, 504; traffic
on, 505.

Kistna Canals, area of Kistna delta
irrigated by, 462 ; discharge of, 462;
cost of, per acre irrigated, 462; return

Index.
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yielded by, 462 ; used for navigation,
520.

Kistna River, delta of, irrigated by
Kistna Canals, 462.

Kraw Ship-Canal (proposed), to cut
through Isthmus of Kraw, 648; to
join rivers Pakshan and Champon,
648 ; heignt and length of ridge to
be traversed, 648 ; to connect Bay of
Bengal with Bay of Siam, 648.

Kurnool Canal, combining irrigation
and navigation, 520.

L.

Lachine Canal, lift of, and locks on,
522 ; position of, 522 ; enlarged width
of, 524.

Lakes, influence of, on rivers, 16; of -
Geneva on Rhone, 16-1%7; of Con-
stance on Rhine, 17; of North
America on St. Lawrence, 17.

La Louviére Canal Lift, 408-410;
first of four on Canal du Centre,
Belgium, 408 ; rise of, 408 ; descrip-
tion of, 409 ; weight lifted, and time
of lift, 409—410; time occupied in
passage of barge through, 410; method
of working, 410 ; cost of, 410 ; shift-
ing of upper wall of, 410.

La Monnaie Weir, position of, 117;
description of, 117-118; object of,
118 ; cost of, 118.

Languedoc Canal, description of, 481.
See also Canal des Deux Mers.

La Plata River, basin of, 4.

Lateral Canals, in place of river navi-
gation, 348-349 ; Welland, 349, 522;
alongside Garonne, Loire, and Marne,
349; ship-canals alongsidetidal rivers,
350 ; conditions affecting construction
of, 350; Sault-Sainte-Marie, or St.
Mary's Falls, 376-377; in Canada,
§21-523; in the United States, 520,
527; lateral ship-canals described,
551-559-

T.eck River, connected with Amster-
dam by canals, 486 ; navigable branch
of Rhine and Maas, 487 ; crossed by
Amsterdam and Merwede Canal, 489 ;
increased traffic on, 490.

Leeds and Liverpool Canal, supplied
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by reservoirs, 366 ; flight of locks on, |

at Wigan, 378 ; causes of large traffic
on, 476.

Lehigh River, bear-trap weir across,
formerly, 132.

Lena River, basin of, 4.

Levees, constructed along Mississippi,
163 ; breaches formed in, by Missis-
sippi floods, 163-164 ; necessity for
regulation of, on Mississippi, 164.

Liffey River, 209-211; description of
outlet of, 209~-210; converging break-
waters constructed at outlet of, 210;
bar of, deepened by tidal scour, 210—
211; rise of tide at outlet of, 211;
dredging of inner channel and strand
of, 211.

Lift-Bridges, 358-360; method of
working, 358; disadvantages, and
merits of, 358-359;

description and working of, over—
Surrey Canal, 359 ; Ourcq Canal in
Paris, 359; Oswego Canal at Syra-
cuse, 359 ; Chicago River at Chicago,
359-360.

Lifts of Canal Liocks, oninland canals
of United Kingdom, 378 ; on inland
canals of France, 378 ; increased to
reduce number of locks, 379-380;
locks with large lift on St. Denis

. Canal, 380~382 ; onship-canals, 382.

Lock-Gates, I103-Io7; single and
double, 103; wooden, 104 ; iron, 104 ;
at Amsterdam Canal, 104 ; strainson,
104~105 ; support of, 106 ; method of
moving, 106-107 ; deep single, on St.
Denis Canal, 381 ; value of hydraulic
power for, 385 ; fan-shaped, at Rends-
burg, alongside Baltic Canal, 576-577.

Locking, saving time in,—importance
of, 382 ; by deep chambers and longi-
tudinal sluice-ways, 382-383; by
cylindrical sluice-gates, 383-385 ;

saving water in,—importance of,
385-386; by side ponds, 386; by
double locks, 386 ; contrivances for,
at Aubois lock, 386-387.

Locks, 100-103, 374-388 ; introduction
and object of, 66 ; positions selected
for, 66-67; closer together on
Upper, than Lower Seine, 69-70;

Index.

[Lieeds and Liverpool Canal.

method of working, 100-101 ; descrip-
tion of parts of, To1-102; at Su-
resnes on Lower Seine,102 ; at Poses,
103; on Amsterdam Canal, 103, 567,
568; on Main, 103 ; on Loire lateral
ship-canal, 308, 553 ; on Tancarville
Canal, 317-318, 553 ; conditions
affecting design of, 374-375 ; arrang-
ments of, for accommodating vessels,
375; standard dimensions of, for
canals, 376 ; enlargement of, at Sault-
Sainte-Marie, or St. Mary’s Falls
Canal, 376-377; dimensions of, for -
ship-canals, 377378 ; lifts and flights
of, 378-379 ; advantages of flights of,
379 ; increased lift and reduction in
number of, 379-380; with large lift
on St. Denis Canal, 380-382 ; lifts of,
for ship-canals, 382; methods of
reducingtime in passagethrough, 382—
385 ; methods of saving water in pas-
sage through, 386-387 ; remarks on,
for canals, 387-388 ; first introduction
of, 480;

sizes of,—on Belgian canals, 493 ;
on German waterways, 506-507 ;
standard, on Canadian canals, 524;
on United States waterways, 533-534;
on Ghent-Terneuzen Canal, 555 ; on
St. Louis Canal, 557 ; on North Hol-
land Canal, 562 ; on Caledonian Canal,
599 ; proposed for Panama Canal,630;
proposed for Nicaragua Canal, 637 ;

description of, — on Baltic Canal,
575—577; on Manchester Ship-Canal,
585-586. :

Loing Canal, link in connection be-
tween Seine and Loire, 348, 48r1;
traffic on, 485.

Loire Lateral Canal, course of, 349;
connected formerly across Loire with
Briare Canal, 360 ; aqueduct connect-
ing, with Briare Canal, 361 ; contriv-
ances for saving water at Aubois lock
on, 386-387 ; conditions affecting con-
structionof, 470; repurchased by State,
481 ; traffic on, 48s.

Loire River, 306-310; basin of, 3,
304 ; length of, 3 ; coefficient for dis-
charge of torrential tributaries of, 443
ratio of maximum to minimum dis-
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Mahmoudich Canal.]

charge of, at Briare, 50; floods of,
greater than those of Seine, 150; dams
for mitigating floods of, 155; valley of,
protected by embankments, 161, 165-
166 ; periodical inundation of valley
of, 166, 171; remedy proposed for
injurious inundations of, 166 ; contrast
of estuary of, to tideless outlets, 173 ;
mixed origin of alluvium in estuary
of, 233 ; instance of estuary with con-
tracted outlet, 247, 304 ; comparison
of physical conditions with those of
Seine, 304-305; discharge of, 305;
tidal rise at mouth of, 305 ; length of
tidal, 305; position of Nantes on,
306; tidalflow of, overpowered bylarge
floods of, 306 ; encumbrance of upper
estuary by islands, 306 ; accretions
resulting from early works in upper
estuary, 306—30%; training works in
upper estuary, 306; results of training
works, 307—308 ; lateral ship-canal for
avoiding shallow part of estuary, 308,
350, 552-553 ; dredging in estuary,
308-309 ; improved navigable condi-
tion of, 309; remarks on training
works in estuary, 309-310; lateral
canal in place of torrential, 349;
communication between lateral canal
and Briare Canal across, 360-361.

Loire Ship-Canal, 308, 552-553; to
avoid part of Loire estuary, 308, 350;
course and length of, 308 ; dimensions
of, 308 ; improved navigable depth up
to Nantes by help of, 309 ; description
of, 552-553.

Long Shoot for discharge of dredgings,
93-94; at Suez Canal, 93, 355; at
Panama Canal works, 93-94, 355
in enlargement of Ghent-Terneuzen
Canal, 95; used on Baltic Canal,
573

Lot River, angular weirs on, 110-I11 ;
canalization of, 480.

Louisville and Portland Canal, for
avoiding falls of Ohio, 527 ; length of,
527 ; size of locks on, 527, 534.

Lower Ganges Canal, 439-440;
description of, 439-440; area to be
irrigated by, 440; aqu duct carrying,
across Kali Nadi valley, 440 ; cost of,

VOL. II.
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per acre irrigated, 459 : return yielded
by, 459 ; used for navigation, 520.
Low-Water Iine, of Tidal Rivers,
239-240; lowered by deepening of
channel, 239; )
lowering of, — instances of, by
dredging and training works, 240;
indicating increased tidal capacity
and improved condition, 240; con-
ventional indication of, on sections,
240; on Thames by removal of old
bridges and dredging, 244 ; by works
on Clyde, 255 ; by dredging on Tyne,
263; by works on Tees, 269 ; by new
outfall on Witham, 286 ; by training
of Welland, 287 ; by straight cut on
Nene, 287-288; by straight cuts and
training works on Ouse, 288; by
dredging in Ribble, 294, 295, 296~
297 ; in Weser by training and dredg-
ing, 302 ; in Seine by training works,
313.
M.

Maas River, 222-224; tidal and deltaic,
19; dredgings from, discharged by
chain of buckets, 93 ; delta formerly
formed with Rhine, 203; deterioration
of northern outlets of, 222; Voorne
Canal formed to avoid bar at Brielle
mouth of, 222; training of Scheur
branch of,and new outlet for, 222; jetties
-at new outlet of, 222-223 ; enlarging
widths of Scheur branch of, 223;
formation of new cut for Scheur branch
of, 223; rise of tide at mouth of, 223;
supplementary works at new Scheur
branch of, 223-224; dredging at outlet
channel of, 224; improved navigable
depth of, 224; shortened time of transit
between Rotterdam and the sea, 224 ;
increased traffic on, resulting from
works, 224; cost of works at Scheur
branch of, 224; devoid of estuary,
227; rate of enlargement of, from
Schiedam to mouth, 324.

Mahanuddee River, delta of, irrigated
by Orissa Canal, 462.

Mahmoudieh Canal, to avoid alluvium
at Nile outlets, 199 ; course and length
of, 199 ; cost of, 199.
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Main-Danube Canal, or Ludwig’s
Canal, instance of canal connecting
two rivers, 348; rise, fall, and high
elevation of, 474 ; length of, 507.

Main River, canalization of, below
Frankfort, 69; increased depth and
traffic obtained by canalizing, 69, 509;
size of vessels navigating, 69 ; locks
on, 103; needle weirs on, 124,126;
drum weirs at timber-passes on, 143 ;
refuge porton,nearFrankfort,169; con-
nected with Danube by a canal, 348;
open navigation on, above Frankfort,
506 ; traffic on, above Frankfort, 509.

Manaar Ship-Canal {(proposed),tocon-
nect Gulf of Manaarwith Palk Straits,
647; reduction in distance between
Colombo and Bay of Bengal by, 648.

Manchester Ship-Canal, 580-593;
excavators used on, 96, 355; steam
navvies used on, 98; grab excavators
employed for foundations on, 98;
greenheart lock-gates for, 104, 586;
sluice-gates with free rollers at, 177,
364, 585, 587 ; proposed trained out-
let for, through Upper Mersey estuary,
279, 339-340, 582; dimensions of,
352 ; control of fresh and tidal waters
in, 364 ; locks of different sizes with
intermediate gates on,375; dimensions
of the Eastham locks of, 377; schemes,
for, 581-582; description of, 582-584;
available headway over, 584; exca-
vation for, 584; plant used forexcavat-

. ing,584; locks and sluices in,585-586 ;
tidal openings in embankments of,
586-587 ; sluices in embankments of,
587-588; bridges across, 588-589;
swing aqueduct over, 589 ; siphons
under, 590 ; locks constructed along-
side, 590-591; area of docks for, at
Manchester and Salford, 591 ; cost of,
591-592 ; trafficon, 592; remarks on,
592-593.

Marie Canal, supplied with water by
reservoirs, 367; connecting basins of
Volga and Neva, 367, 516; descrip-
tion of, 516-517; height of summit-
level of, andlocks on, 517 ; size of
vessels navigating, 517.

Marne Lateral Canal, between Chau

Index. [Main-Danube Canal.

mont and Dizy,349; beingextended to
join Sabne, 349; length of extension
of, 483.

Marne-Rhine Canal, instance of canal
connecting two rivers,348; long tunnel
on, 363 ; changes in level and length
of, 472—473; opening of, 482 ; traffic
on, 485, 509 ; submerged chains laid
along summit-level of, 544.

Marne River, torrential floods of, 11;
influence of, on Seine floods, 12, 50;
bear-trap weir across, at La Neuville,
132; drum weirs for regulating passes
of, 142 ; description of drum weir
across, at Joinville, 143.

Marne-Saéne Canal, in course of con-
struction, 349 ; to be supplied by
reservoirs, 367 ; length of, 483.

Marseilles Canal, 445-446; position
of intake of, from Durance, 445; dis-
charge of, 445 ; description of, 446 ;
carried over Arc valley by Roque-
favour aqueduct, 446 ; weir across
Durance at head of, 446.

Martot Weir, sizes of frames and
needles of, 124 ; cost of, 132.

Masonry Reservoir Dams, across
Upper Loire to mitigate floods, 155 ;
across Furens to protect St. Etienne
from floods, 155; design of Furens and
Ban, 370; outlet culvert through, at
Temay and Villar, 370; surplusdis-
charge over, at Vyrnwy, 370 ; reser-
voirs formed by, in Bombay for irriga-
tion, 422; across river Periyar in
Madras for irrigation, 422; in Spain
for irrigation, 422—423 ; proposed for
retaining Nile in Upper Egypt, 423;
Bear Valley and Sweetwater, in Cali-
fornia, 424 ; across Verdon, for supply
of Verdon Canal, 448.

Mediterranean Sea,former position of
Rhone outlets into, 175; slope of
bottom of, in front of Rhone delta,
175, 189 ; slope of, in front of Rhone
delta compared with slopes in front of
Mississippi and Danube deltas, 18z ;
littoral current in, along face of Nile
delta, 182; littoral current in, along
south face of Rhone delta, 182, 18¢.

Merrimac River, 211-212 ; condition
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of outlet of, 211 ; rise of tide at mouth
of, 211 ; converging jetties for deepen-
ing outlet of, 211~212; lowering of
bar of, by increased scour, 212.

Mersey Estuary Model, 337-342;
contrast of estuary to Seine estuary,
337-338; suitable case for extending
investigations, 338 ; description of,
338; results of working, 339 ; experi-
ments on, with training walls in inner
estuary and results, 339-341 ; experi-
ments on, with training walls in outer
estuary, 341-342; conclusions from
experiments on, 342 ; value of experi-
ments with, 342.

Mersey River, 274-280; basin of, 3,
274 ; dredging bar of, 86; contrast
of estuary of, to tideless outlets, 173 ;
form and exposure of bar at mouth
of, 203-204 ; fresh-water discharge of,
233, 276 ; small navigable length of,
234 ; great disparity between tidal and
fresh-water discharge of, 235; tidal
and non-tidal. portions contrasted,
235 ; condition of outlet compared
with Mississippi, 235 ; rise of high-
water. line, 238; instance of estuary
with contracted outlet, 247 ; irregular
estuary with variable depths, 247 ;
description of estuary, 274—275 ; area
of inner estuary, 275; sluicing basin
formed by inner estuary, 2¢5; tidal
capacity of inner estuary, 275 ; effect of
fretting on inner estuary, 276 ; depth
over bar at mouth of, 276 ; shifting of
bar of, 276-2%7; objections to train-
ing works in inner estuary, 277-278;
exposed position of bar of, 278; lower-
ing of bar with sand-pumps, 279 ;
advantages of deepened channel over
bar, 280 ; experiments with model of
estuary, 337-342; flow of, along Man
chester Canal controlled -by sluices,
364, 586 ; supplies Manchester Canal
with water, 384,

Merwede River, branch of Rhine and

Maas, 417; connected with Amster-
dam by a canal, 489.

Meuse River, needle weirs on, 124,

126 ; connected with Sadne by Canal

de DVEst, 348; link in waterway |

between Brussels and Liége, 491;
connected with Scheldt by a canal,
497 ; traffic on, 494 ; large coal traffic
on, 495.

Mhasvad Reservoir, for irrigation in
Bombay, 422; height and length of
masonry dam forming, 422; capacity
and area of, 422.

Midnapore Canal, combining irriga-
tion and navigation, 520; regular
traffic on, 520.

Mississippi River, 179-181, 104-197;
basin and length of, 4; double floats
for gauging flow of, 26; variation of
velocities with depths on, 36 ; position
of maximum velocity, 36; ratio of
surface to mean velocity in, 38; for-
mula of discharge deduced from ob-
servations of flow of, 42; ratio of
maximum to minimum discharge of,
50; sand-waves travelling down, 571 ;
rakes and harrows tried on bar of, 87;
scrapers used on Upper, 87; late floods
on, 151; cut-offs for straightening
channel, 160; levees formed along,
through plains, 163-164 ; advantages
of embankments through alluvial
plains of, 171; contrasts of outlets
of, to those of tidal estuaries, 1733
small tide in front of delta of, 179}
description of delta of, 180-181;
mean discharge of, and proportion of
alluvium in, 180; proportionate dis-
charge through Passes of, 180;
position of, and depth over bars at
mouths, 181 ; delta of, compared with
other deltas, 181-183; dredging and
harrowing at bar of South-West Pass,
184; description of jetties at outlet
of South Pass, and their results, 194~
197; head of South Pass contracted
and deepened by dykes, 195; dredg-
ing to maintain depth at South Pass
outlet, 197 ; improvement at outlet
compared- with results at Sulina
mouth, 197-198 ; natural highway for
inland navigation, 469; length of
navigation on, 526; improvement of,
for navigation, 526 ; navigable tribu-
taries of, 526-527; connected with
Illinois River by Hennepin Canal,

Z 2
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[Mississippi River,

Morris Canal, connecting New York
with Delaware River, 347, 528 ; gra-
dients and rises of inclines on, 392;
size and capacity of barges carried

531 ; large locks proposed for canal-
ization of Upper, 533; traffic on,

536. .
Mississippi South Pass Jetties, 194~

197; selection of Pass for improve-
ment, 194; form and construction
of, 194-195; improvement of depth
at outlet by, 195; bringing alluvium
under influence of littoral current, 195-
196 ; shoaling in front of, 196; rate
of advance of lines of soundings in
front of, 196 ; bar re-forming in front
of, 196; prolongation of, needed in
near future, 197; compared with
Danube jetty works, 197-198.

up inclines in cradles, 392; method

. of working inclines on, 39z ; rate of

transit up inclines of, and saving of
water, 393 ; length of, 528 ; original
and enlarged dimensions of, 534.

Moselle River, ratio of maximum to

minimum discharge of, 50; open
navigation on, 516.

Moskva River, frame weir with sliding

panels across, 128 ; connected with
the Volga by tributaries and a canal,

Missouri River, scrapers used on, 87; 518 ; canalized from Moscow to con-
extent of navigation, 526; traffic on, fluence with Oka, 518. -
536. Movable Weirs, 121-147 ; definition
Models of Estuaries, Experiments of, 121; advantages of, 121-I22;

with, 32%-342, for detérmining effects
of training works, 327 ; causes of un-
certainties respecting training works
in estuaries, 327-328 ; value of, 328;
limits to application of, 328-329;
materials tried for bed of, 329;
arrangements adopted for, 329-330;
working of, 330; introduction of
training .walls in, 330; suitability
of Seine estuary for experiments with,
330-331; successive steps of investi-
gation with, 331; experiments with,

. classification of, 122

frame, — with needles, 122-126;
with panels, 126-128; with hinged
curtain, 128-129; suspended from
overhead bridge, 129-132;

shutter; — bear-trap,132-133; Thé-
nard’s, 133-134; Indian, 134-135;
hydraulic, 135; Chanoine, 135-I41;
tilting, 141-142;

drum, 142-144 ; remarks on, I44~
147 ; value of, in facilitating passage
of floods, 158-159.

of Seine, and conclusions, 331-337;
experiments with, of Mersey, and con-
clusions, 337-342; value of method
of investigation with, 342.

See also Seine Estuary Model
and Mersey Estuary Model.

Mulatiére Weir, double groove for
prop introduced at, 140; butterfly
valves in shutters of, 141.

Murray Canal, length and position
of, 523.

Muscle Shoals Canal, to avoid shoals

Moldau River, navigable depth of, in Tennessee River, 530; length
together with Elbe, 511; traffic on, of, 530; sizes of locks on, 530,
511. 534-

Monkland Canal, depth of, 351; | Mutha Canal, length and discharge of,

. gradient and rise of incline on; 395; 426 ; area irrigated by, 426.
description and working of caissons | Mutha Reservoir, for irrigation in
conveying barges on incline of, 395 ; Bombay, 422; height of masonry
time of transit on incline of, 396. dam forming, 422 ; capacity and area

Monongahela River, improved by of, 422; supplying Mutha Canal,
locks and weirs, 527; traffic on, 536. 426. :

Mons and Condé Canal, to be con- | Muzza Canal, dimensions and supply
nected with Charleroi and Brussels of, 444 ; area irrigated by, 444 ; water
Canal by Canal du Centre, 408, 492 ; from Adda directed into, by weir,
large coal traffic on, 495. 444
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Nicaragua Canal.]

N.

Navigation Canals, 346-367 ; distinct
generally from drainage and irriga-
tion canals, 346-347; importance of,
before advent of railways, 347;
general construction and object of,
347 ; instances of, 347 ; sizes of, 351
353 ; construction ofy 353-354 ; earth-
work for, 354-356; aqueducts for,
360-361 ; tunnels for, 362—364 ; waste
weirs and sluices for, 364; stop-gates
for, 364—365; supply of water for,
365368 ; introduction of supply for,
370-371; consumption of water in,
371-372; remarks on works for, 372—
373. See also Inland Navigation.

Navigation on Rivers, primitive
method with rafts floated down
stream, 64. See Inland Navigation,
Barges, and Traction on Water-
ways.

Naviglio Grande Canal, description
of, 443-444 ; supply of, provided by
weir across Ticino, 443 ; area irrigated
by, 444 ; connecting the Ticino with
Milan, 498 ; traffic on, 501.

Neckar River, open navigation on,
506 ; submerged chain used on, 544.

Needle Weirs, 123-126; for flashes
on Yonne, 121 ; description of, 123;
opening and closing of, 123-124; on
Seine, Meuse, and Main, 124; with
hooks on needles, 125; remarks on,
125; limit to height of, 126; on
Russian rivers, 517.

Nene River, 287-288; drainage area
of, 284 ; North Level sluice on, 285;
straight cut for improving outfall of,
287; effects of cut on, 287-288;
trained into Wash, 288 ; extension of
training works needed on, 288.

Nervion River, 215, 224-226; con-
verging breakwaters in progress for
protecting mouth, 215, 226; bar at
mouth lowered by training works, 215,
225; regulation of, below Bilbao,
224—-225; new cut formed for, 225;
rise of tide at mouth of, 225; scour
across bar of, directed by extended jetty,
225; increase in depth produced by

Index.
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works, 226; cost of works for, 226 ;
instance of river without an estuary,
247,

Netze River, open navigation on, 506 ;
Upper, canalized, 506.

Neuffossé Canal, flight of locks at
Fontinettes on, 379 ; large traffic on,
404 ; description of lift erected at
Fontinettes on, 404-408 ; locomotives
used for towing barges along, 549.

Neva River, instance of tideless river
with marine bar, 202; alluvium of,
deposited in Lake Ladoga, 202, 557—
558 ; flowing into Baltic, 515 ; con-
nected with Volga by Marie Canal
and other waterways, 516-517;
shallowness of outlet of, 558; deep
outlet provided for, by St. Petersburg
and Cronstadt Canal, 558-559.

Niagara River, Welland Canal con-
structed to avoid rapids and falls of,
349-

Nicaragua Canal, 635-647; depth
designed for, 352; lifts of proposed
locks on, 382; alternative route to
Panama Canal, 635; advantages of,
for United States, 635 ; schemes for,
635 ; description of route selected for,
635-637 ; length of, 637 ; extent of free
navigation along, and of canal, 637;
dimensions of waterway of, 637;
number and dimensions of locks on,
637-638; nature of strata to be tra-
versed,638; La Flor dam on, for Tola
Basin, 638 ; OchoadamacrossSan Juan
for, 638-639 ; embankments for, along
San Francisco and Deseado valleys,
639; weirs for discharging surplus
water from, 639; Brito harbour at
Pacific end of, 639; Greytown harbour
at Atlantic end of, 639-640 ; esti-
mated period for construction of]
640; estimated cost of, 640; pre-
liminary works for, 640-641; ex-
penditure on, 641; appointment of
Commission of investigation, 641 ; esti-
mated time of passage through, 641 ;
prospective difficulties in portions of
works for, 642-643 ; prospects of in-
creased cost of, 643; contrast of
route of, to that of Panama Canal,
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644 ; problems involved in construc-
tion of, 644 ; prospects of, 644-647.
Niemen River, improved by training
works, 6I; navigable length ard
depth of, 506 ; traffic on, 509; con-
nected with Dnieper by the Oguinski
Canal, 517; connected with Vistula

by the Augustof Canal, 517.

Niger River, basin of, 4.

Nile River, 176-177; basin and length
of, 4; instance of river bringing down
sediment, 52; weir across Rosetta
branch of, 118; delta of, 176; pro-
portion of alluvium to flood discharge
of, 176; period and amount of rise of,
1;6, 428; maximum and minimum
discharges of, 176 ; depth over bars
of, 176-177 ; proposed dam across,
at Assouan, 423, 431; irrigation cf
Egypt by inundation canals from,
428-429; basins for irrigation in
valley of, 429; flood discharge of,
and silt in, compared with those of
Indus, 429; length of regulating slnices
across branches of, 461 ; sluice-gates
across Rosetta and Damietta branches
of, 464.

Nira Canal, supplied from Bhatgarh
reservoir, 426; length of, and area
irrigated by, 426.

Nivernais Canal, connecting Yonne
and Loire, 482; opening of, 482;
repurchase of, by State, 482.

North Holland 8hip-Canal, 561-563;
dimensions of, 351, 562; object of,
561; cost of, 561; description of,
561-562 ; bridges across, 562; en-
largement of locks on, 562 ; improve-
ment of, 562; condition of, 562;
navigation on, 562-563; in com-
munication with Amsterdam Canal,

566.
O.

Oberland Canal, gradients and rises
of inclines on, 393; cradlesconveying
bargesalong inclineson, 393 ; working
of inclines on, and time of transit, 393.

Obi River, length and basin of, 4;
connected with VYenisei River by a
canal, 472.

Obi-Yenisei Canal, length of, and
depth of cutting on, 472; length of
waterway opened up by, 472.

Oblique Weirs, 109-110; object of,
109 ; across the Severn, 109; im-
pediments of, to discharge, 109 ; ob-
struction of, on Severn, obviated by
removing shoals, 110; across the Adda
for the supply of Muzza Canal, 444 ;
across Durance for supply of Crap-
ponne and Alpines canal, 445.

Obstructions in Rivers, causes of]
157; importance of removing, 157-
158, 170; effect of, across tidal
rivers, 242-245; results of, placed
across tidal rivers, 243-244, 285.

Oder River, instance of tideless river
with marine bar, 203; alluvium of,
deposited in lakes, 203 ; Swine mouth
of, deepened by jetties and dredging,
205-207; connected with Spree by
a canal, 348; navigable length and
depth of, 506; in communication
with the Havel by the Finow Canal,
507 ; traffic on, z09.

Oder-Spree Canal, instance of a canal
connecting two rivers, 348; length
and depth of, 507; source of traffic
for Oder, 509.

Oguinski Canal, length of, 517 ; con-
necting Niemen with Dnieper, 517.
Ohio River, bear-trap weir across, at
Davis Island, 133; shutter weir
across, at Davis Island, 138-141;
prediction of floods on, 151; navi-
gable length of, 526 ; navigable tribu-
taries of, 526; improvement works

on, 527 ; traffic on, 536.

Oise-Aisne Canal, length and opening
of, 483.

Orange River, basin of, 4.

Orb River, first shutter weir erected
across, 133.

Orinoco River, instance of tidal and
deltaic river, 19.

Orissa Canals, length and discharge of,
462; area of Mahanuddee delta
irrigated by, 462; cost of, per acre
irrigated, 462; instance of protective
works, 462 ; used for navigation, 520;
regular traffic on, 520.
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Perekop Canal.]

Orissa Coast Canal, constructed for
navigation, 520; connecting Orissa
with the Hooghly, 521; absence of
return from, 521.

Ostia Canal, to provide deep-water
access to Tiber, 198 silted up by
alluvium of Tiber, 198-199.

Oswego Canal, lift-bridges across, at
Syracuse, 359.

Oswego River, outlet of, deepened by
cribwork jetties and dredging, 208;
outlet of, sheltered and deep-water
entrance formed for, by cribwork
breakwaters, 208-209.

Ottawa Canals, for improving the
navigable channel to Ottawa, 523;
lengths of, 523 ; dimensions of locks
on, 524 ; traffic through, 525.

Ottawa River, connecting Ottawa
with the St. Lawrence, 523 ; navi-
gation of, improved by St. Anne's,
Carillon, and Grenville lateral canals,
523.

Ourcq Canal, lift-bridges across, at
La Villette, 359; object and gradient
of incline connecting, with the Marne,
393; sizes of barges carried on
cradles along incline of, 393-394;
working of incline on, 394; length
of incline on, and time of transit, 394 ;
under control of Paris municipality,
484.

Ouse River (Great), effect of erecting
Denver sluice across, 243, 285;
drainage area of, 284 ; Middle Level
sluice on drain of, 285 ; improvement
of, by Eau Brink cut, 288; improve-
ment of outfall of, by cuts and training
works, 288 ; necessity of extension of
training works on, 288.

Ouse River (Yorkshire), basin of, 3;
effect of restricting tidal flow on, 244;
raising of bed by silt in upper tidal
portion of, insummer, 244 ; deepening
of, by winter floods, 244.

P.

Panama Canal, 625-635, 643-647;
discharge of dredgings from, by chain
of buckets, 93; long shoot for dis-

Index.
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charge of dredgings from, 93-94, 355 ;
excavators used on, 96, 99, 355;
steam navvies employed on, 97;
dimensions of, 352; dredging for
enlarging trench of, 354; scheme
selected for traversing isthmus, 625;
route of, 625; commencement and
estimated cost of, 626; Panama
Railway purchased for, 626; de-
.scription of, 626-627; amount of
excavation for, 628; nature of strata
traversed by, 628 ; contract for con-
struction of, 628; difficulties in ex-
cavations for, 629; progress of
excavation in 1887 for, 629-630 ;
rate of progress of, 630; introduction
of locks in, to reduce excavation, 630 ;
increased eéstimated cost of, 630;
stoppage of works for, 631 ; state of
excavation for, 631 ; expenditure on,
up to stoppage of works, 631; esti-
mated cost of completion of, 631;
schemes for completion of, 631-632 ;
new Company formed for, 632; re-
marks on, 632-635 ; contrast of route
of, to that of the Nicaragua Canal,
644 ; problems involved in completion
of, 644 ; prospects of, compared with
the Nicaragua Canal, 644-647.

Parallel Jetties at Outlet of Tideless
Rivers, 186-1¢8 ; object, advantages,
and essential conditions of, 186;
conditions affecting results of, 186-
187 ; at mouth of Rhone, 187-190;
at Sulina mouth of Danube, 190-194:
at outlet of Mississippi South Pass,
194-197; comparison of, at Missis-
sippi and Danube outlets, 197-198 ;
success of, at Sulina and South Pass,
201 ; causes of failure of, at mouth of
Rhone, 201 ; preferable to ship-canal,
201I.

Pavia Canal, connecting Milan with
the Po, 498; locks on, 500; traffic
on, soI.

Percolation, 8-9; absorption of rain
by, 8; influenced by nature of soil
and weather, 9 ; evaporation reduced
by, 9.

Perekop Canal, 621-622; traversing
isthmus of Perekop, 621; connecting
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Sea of Azof directly with north-west | Prediction of Floods, 149-152;
coast of Black Sea, 621 ; reduction difficulties of, in upper valleys of
in distance between northern ports by, rivers, 149 ; conditions affecting, 149—
631; length and depth of, 622; 150; arrangements for, 151; rivers
advantages of, 622. on which, is carried out, 151 ; exact-

Periyar Reservoir, for irrigation in ness of, on Seine at Paris, 151 ; value
Madras, 422; height and length of of, 151-152.
concrete dam forming, 422 ; capacity | Pumping for Drainage, in absence of
and area of, 422 ; area to be irrigated fall on low-lying lands, 168; em-
by, 422. ployed to prevent inundations in

Permeable Strata, influence of, in Holland and Fen districts, 168.
regulating floods of rivers, 11-12;
ratio of discharge to rainfall on, 13; Q
form of river valley along, 14. E

Pernow River, outlet of, deepened by | Quays, length and area of, round Man-
parallel jetties, 207, 208. chester and Salford docks, 591.

Platte River, weir across, for supply
of Highline Canal, 453 R

Po River, ratio of discharge of, to rain- ‘ .
fall, 13; deposit of material by, on | Railways, carried in tunnels under some
leaving Alps, 16; embanking of, Japaneserivers, 167; instances of long
through Lombardy, 110, 164-165; tunnels on, 363-364; influence of,
breaches in embankments of, 164, on inland waterways, 468 ; effect of
165; increased height of floods on, extension of, on English canals, 476;
164, 165 ; remedial measures adopted distribution of traffic on, in France
against floods of, 165; irrigation compared with traffic on French
canals commenced in valley of, 440; waterways, 485—486; traffic on, in
difficulties in drawing waters from, Belgium compared with traffic on
for irrigation, 440-441; supply for Belgian waterways, 495-496; in-
Cavour Canal derived from, 442; fluence of, on traffic on Spanish water-
weir across, at head of Cavour Canal, ways, 496, 497; average traffic and
442 ; communicating with Milan by journey on German, compared with
Pavia Canal, 498; depth of, 499; those on waterways, 510; length of,
traffic on, 500. in Germany, 510; length of, in Austria,

Pontine Canals, constructed for drain- 5I1; traffic on, in Hungary com-
age and available for navigation, 498; pared with traffic on Hungarian water-
length and depth of outlet channel ways, 513-5T4; diversion of traffic
of, 499. from Ganges and Indus by, 520.

Port Said Harbour, protecting ap: | Rainfall, 5-8, 10-1I, 12-13; differ-
proach channel to Suez Canal, 607 ; ences in, 5-6; excessive, at Cherra-
area of, 6oy ; direction, length, and punji and Uttray Mullay, 5; very small
construction of breakwaters shelter- at Leh and Jacobabad, 5-6 ; extremes
ing, 6oy ; advance of foreshore on of,in England, 6, 7; greatest and least,
western side of, 60¥ ; depth of channel in Seine and Severn basins, 6; varia-
in, maintained by dredging, 607. tions in, 6-8; fluctuations of, in

Port Villez Weir, hinged curtain clos- England and in India, 7; periods of
ing spaces between frames of, 128; maximum and minimum, 7-8; in-
description of, 129 ; cost of, 131. fluence of season on available, 10;

Poses Weir, frames for, suspended effect of continuous, on rivers, 10;
from overhead bridge, 130; descrip- available, 12-13; influence of strata
tion of, 130-131 ; cost of, 131. on available, 13; ratio of discharge
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to, on impermeable strata, 13; ratio
of discharge to, on permeable strata,
13.

Ravi River, supplying Bari Doab

Canal, 438.

Reclamations of Liand, prohibited in

Dublin Harbour, 211; outlet of Rother
injured by, 243 ; injurious effect of, on
outlet channels of Calais and Ostend
harbours, 245; in Tees estuary, 268;
facilitated by training works in the
‘Wash, 289; Company formed for
making, in Dee estuary, 290; areas
of, in Dee estuary, 291 ; unfavour-
able to navigation in sandy estuaries,
293, 326; promoted by training
works in Ribble estuary, .29%7; in
Seine estuary, 315.

Refuge Ports on Rivers, for protect-
ing vessels from floods and drifting
ice, 169; method of forming, 169;
example of, near Frankfort, 16g.

Regulation Works, 52-63; various
systems adopted for, 52-59; remarks
on, 59; instances of, on Danube,
Rhone, and other rivers, 59-60; de-
scription of, on Rhine, 60; description
of, on Elbe, 60-61; reference to, on
Niemen, 61 ; description of successive
stages of, on Rhone bLelow Lyons,
61-63 ; inadequacy of, for deepening
the Main, 69 ; along Sulina branch of
Danube, 194; along various tidal
rivers, 217; along Scheur branch of
Maas, 222-223; along Nervion below
Bilbao, 224-225; proposed for the
Usk, 273-274.

Reno River, breaches formed in em-

bankments of, 165; increased height
of floods on, 165; bed of, raised by
detritus, 167,

Reservoir Dams, 368-370; conditions

affecting choice of earthen or masonry,
368; construction of earthen, 368—
369; valve tower at, 369; bye-wash at
side of, 369 ; materials and design of
masonry, 369 ; instances of masonry,
370; positions of outlet culvert and
bye-wash in masonry, 370.

Reservoirs for supplying Canals,

365-368 ; instances of canals supplied

Index.

687

by, — in Great Britain, 366; in
France, 366-367;

capacities of, 366, 367 ; formed by
means of temporary wooden dams in
Russia, 367-368; dams for forming,
368-370.

Reservoirs for impounding Floods,
155-157; formed in Upper Loire
valley, 155; across the Furens to
protect St. Etienne from inundation,
155; proposed in Loire and Yonne
valleys, 156 ; unsuitability of Thames,
Seine, and Mississippi valleys for,
156; difficulties in general applica-
tion of system of, 157; combined
with water-supply in mountain valleys,
157.

Reservoirs for Irrigation, 421-425;
to store up water in rainy season,
421; various, in Bombay, 422;
Periyar, in Madras, 422; masonry
dams erected in Spain for, 422-423 ;
advantages of, in Spain, 423; pro-
posed in Upper Egypt, 423; capacity
andarea of, at Van Wyk’s Vleyin South
Africa, 423; various sites surveyed
for, in western North America, 423~
424 ; formed in California, 424 ; im-
portance of, 424-425 ; canals supplied
by, 425-426.

Returns yielded by Irrigation
Canals, 459, 462; Canals—Agra,
459 ; Bari Doab, 459; Cauvery, 463;
Chenab, 459; Eastern Jumna, 459 ;
Ganges, 459; Godavery, 462; Kistna,
462; Lower Ganges, 459; Orissa,
462 ; Sidhnai, 459; Sirhind, 459 ;
Sone, 459 ; Western Jumna, 459.

Rhine-Marne Canal, see Marne-
Rhine Canal.

Rhine River, basin and length of, 3 ;
diagram of fall of, 15; flow of],
regulated by Lake of Constance, 17 ;
instance of tidal and deltaic river, 19 ;
coefficient for discharge of, at Basle,
44 ; ratio of maximum to minimum
discharge of, 50; variations in fall of,
60 ; navigable depth of, 60 ; traffic on,
60, 508, 509 ; level of, not raised by
embankments, 167 ; formerly formed
delta with Maas, 203; navigation
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of, penetrating far inland, 234 ; con-
nected with Rhone and Marne by
canals, 348, 507; importance of, for
inland navigation, 468-409; navigable
length and depth of, 5035 ; connected
with Danube by river Main and Lud-
wigs Canal, 507.

Rhone Jetties, 187-190; depths at
outlets previously to construction of,
187 ; selection of outlet for improve-
ment by, 187; construction of, or
embankments, closing other outlets,
188 ; effects of, on bar, 188 ; causes
of failure of, 189, 201; Roustan
branch preferable for improvement
by, 189-190.

Rhone-Rhine Canal, instance of canal
connecting two rivers, 348 ; rise, fall,
and length of, 473 ; small traffic on,
in France, 473; opening of, 482;
French portion of, repurchased by
State, 482; partiallya German water-
way, 507; traffic on, in Germany, 509.

Rhone River, 61-63, 175-156, 187~
190; basin and length of, 3 ; diagram of
fall of, 15; deposit of Alpine detritus
of, in Lake of Geneva, 16; flow of,
regulated by Lake of Geneva, 17;
ratio of maximum to minimum dis-
charge of, 50; improved only by
regulation works, 59; condition of,
61 ; earlier regulation works on, 61—
62; improved system of regulation
adopted for, 62 ; improved depth of,
obtained by works, 63; traffic, im-
pediments, and methods of towage on,
63 ; valley of, protected from inunda-
tion by embankments, 169; contrast
of outlet of, to tidal estuaries, 173 ;
description of delta of, 175-176;
nature and amount of alluvium dis-
charged by, 175 ; depths over bar of,
176,187, 188 jetties at outlet of, and
results, 187-190; lateral canal pro-
posed in place of Lower, 350-351;
connected with Rhine by a canal,
348 ; trafic on, 485; submerged
cables for towing on, 544-545; tow-
ing with endless chains on, 545-546 ;
towing by tugs with grappling wheels
on, 548-549 ; Arles and Bouc Canal

constructed to avoid delta of, 556 ;
deep-water outlet for, provided by
St. Louis Ship-Canal, 556-557.

Ribble River, 293-300; basin of, 3,
293 ; navigation of, to Preston com-
pared with Rhone outlet, 235; low-
water line lowered by works on, 240 ;
instance of rapidly enlarging estuary,
246 ; instance of tidal river partly
improved by dredging, 251 ; form of
estuary and shifting nature of channel
of, 293 ; former condition of estuary
of, 293-294; shifting character of
channels and outlets of, 293-294;
regulation of, by cross jetties, 294 ;
rise of tide formerly at Preston, 294 ;
reef of red sandstone blasted near
Preston, 294 ; tidal condition of, im-
proved by dredging and training walls,
294; extension of training walls down
estuary of, 295; improvement of
trained channel of, 295 ; dredging for
deepening channel of, 296; improved
depth and tidal condition of trained
channel of, 296-297; accretion and
reclamations at sides of estuary of,
prevented by works, 297; Boghole
Channel of,shut off from main channel
of, 207-298, 299 ; effects of training
works in estuary of, 298-299; re-
marks on training works in estuary
of, 299-300; rate of enlargement of
trained channel of, 324.

Richelieu River, connecting St. Law-
rence with Lake Champlain, 342, 522;
lock alongside, 522; lateral canal
constructed to avoid rapids on, 522 ;
dimensions of lock alongside, 524.

Richmond Weir, object and descrip-
tion of, 115, 116.

Rideau Canal,navigable depth of, 523 ;
rise and fall of, 523 ; dimensions of
locks on, 524; available navigable
depth of, 524 ; traffic on, 525.

River-Bed, Raising of, 167-168; doubt
about, in case of Po, 167; in Reno and
some Japanese rivers, 167 ; of Yellow
River, 168; occurrence of, in torrential
rivers, 168; injurious results of raising
embankments to compensate for, 188,
171,
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Rivers, importance -and uses of, 1;

basins of, 2; areas of basins of various,
3-5; flow of, dependent on various
influences, 6; flow of, equalized by
forests and vegetation, g ; seasons of
floods of, in temperate latitudes, 10,
11; influence of strata on flow of, 11—
12; difference in floods of torrential
and gently-flowing, 11-12; mixed
character of floods of main, 12 ; ratio
of rainfall to discharge of, 13 ; forms
of valleys of, 13-14; reduction of fall
of, seawards, 14 ; diagram of fall of,
15; transportation of material by,
15-16 ; distinction between tidal and
tideless outlets of, 18-19; instances
of, with estuaries, 18; instances of
delta-forming, 19 ; tidal and deltaic,
19 ; scientific study of, 19~20 ; mea-
surement of discharge of, 21-36;
formulzee for discharge of, 39-43;
irregularities in, 49 ; variable flow of,
49-51 ; progression of detritus along,
5I-52 ; removal of shoals and
obstructions from, 53, 157-158; con-
traction of channel of, 53—54; cross
jetties and training banks for regu-
lating, 54—55; regulation of bends of,
55—56; straight cutsfor, 56; submerged
cross dykes for regulating, 56-57;
influence of descent of detritus on, 57—
59 ; remarks on regulation of, 59;
instances of regulation works on, 60—
63 ; primitive navigation on, 64 ;
stanches for flushing on, 64; locks
and weirs for, 66-6%; instances of
canalization of, 67-69, 110 ; remarks
on canalization of, 69-%0; causes of
floodson, 148-149; prediction offloods
of, 149-152 ; regulation of torrential,
154 ; enlargement of channel, and
straight cuts for facilitating the dis-
charge of, 159-160 ; embankment of,
160-166 ; raising of bed of em-
banked, by deposit, 167-168; protec-
tion of upper valleys of, 169; con-
servancy of, 169-1%0 ; mitigation of
floods of, 170-171; contrast between
tideless and tidal, 172-173; deltas
of, 173-183; methods of improving
delta outlets of, 183-198; bars at

Index. 689

mouths of, 201-204 ; jetties at tide-
less outlets of, 205-209 ; converging
breakwaters at mouths of tidal, 209-
216; training jetties at mouths of
tidal, 216-223 ; remarks on works at
outlets of, 226-228; tidal flow in,
229-231, 234-238 ; fresh-water dis-
charge in, 230-231, 233-234; allu-
vium in tidal, 231-233; high-water
and low-water lines of, 238-240;
progress of tide up, 240-242; bore
on, 243; effect of obstructions placed
across tidal, 242-245 ; effect of tidal
flow on outlets of, 245; forms of
estuaries of, 245-247; general princi-
ples relating to tidal, 247-249;
dredging and training in tidal, 256-
280 training works in estuaries of,
281-326; experimental investigations
on training works in estnaries of,
327-342;

traffic on French, 484-485; prin-
cipal navigable, in Holland, 487;
navigable, in Spain, 496-49%7; navi-
gable,in Germany, 505507 ; traffic on,
in Germany, 508-510 ; navigable, in
Austria, 510-511; navigable, in Hun-
gary, 511-512 ; navigable, in Russia,
*514-516; navigable, in India, 579~
520; navigable, in United States,
526-527; traffic on, in Uniled States,
535-537-

Rivers described—

Adour, 219-221; Adur, 219;

Clyde, 252-258;

Danube, 177-178, 190-194 ; Dee,
289-203;

Humber, 246-247, 324;

Liffey, 209-211; Loire, 3c6-310;

Maas, 222-224; Main, 69, 103,124;
Merrimac, 211-212; Mersey, 274~
280 ; Mississippi, 179-181, 194-197 ;

Nene, 287-288; Nervion, 215,224~
226;

Ouse (Great), 285, 288; Ouse
(Yorkshire), 244 ;

Po, 164-165, 499, 500 ;

Rhine, 60, 203, 234, 505; Rhone,
61-63, 175-1%6, 187-190; Ribble,
293-300;

St. Lawrence; 17, 521-522, 525 ;
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690 Index. [Rivers.

Scheldt, 238, 323, 484 ; Seine, 67-68,
242, 310-322 ; Severn, 109-110, 238,
2423

Tees, 212-213, 265-271; Thames,
238, 244, 247, 323-324; Tyne, 213~
214, 258-265;

Usk, 247, 271-274;

Volga, 148-1%9, 185-186;

Wear, 214-215; Welland, 286-
287; Weser, 246, 300-303 ; Witham,
285-286;

Yare, 218-219.

See Adour River, Adur River,
Clyde River, &c.

Rivers referred to—

Adda, 443, 444; Adige,165; Afon
Llwyd, 273; Aisne, 12, 547; Alle-
ghany, 527, 530; Amazon, 4, 242;
Amur, 4; Ao, 497, 501; Arve, 17;

Boise, 454, 455; Brahmaputra,
520; Brenne, 11; Brenta, 498, 500;
Buffalo, 208-209; Bure, 218

Cauvery, 462 ; Chagres, 627, 631 ;
Chenab, 429; Chicago, 208-209;
Congo, 4; Cumberland, 527, 532 ;

Delaware, 527, 536; Dnieper, 3,
5I5; Dniester, 510, 515; Don, 3,
348 ; Dora-Baltea, 441, 442; Dor-
dogne, 50 ; Douro, 496, 497 ; Duna,
515, 517; Durance, 444, 445 ; Dwina,
208;

Ebbw, 272, 273; Ebro, 199, 496;
Eider, 571, 576 ; Elbe, 60, 511; Ems,
506, 507 ; Erne, 115-116; Esla, 451;
Eure, 13 ;

Furens, 155, 3703

Ganges, 232, 520; Garonne, I3,
50, 151; Gironde, 247; Godavery,

112, 462 ; Green, 527, 5363 Guadal- |

quivir, 426, 496 ; Guadiana, 496 ;

Havel, 506, 507; Henares, 451 ;
Hoang-ho (Yellow River), 4, 167-
168 ; Hooghly, 242, 521 ; Hudson,
348, 535-536;

Illinois, 347, 527; Indus, 429,
520; Irrawaddi, 19, 520; Irwell,
364, 584 ; Isle, 133-134;

Jade, 300, 507 ; James, 52%, 536 ;
Jumna, 437 ;

Kanawha (Great), 527, 536; Kermn,
152 ; Kistna, 462 ;

La Plata, 4; Leck, 487, 490; Le-
high,132; Lena, 4; Lot, 110-111, 480;

Mahanuddee, 462; Marne, 11, 350 ;
Merwede, 417, 489 ; Meuse, 491,494 ;
Missouri, 526, 536; Moldau, 51I;
Monongahela, 527, 536 ; Moselle, 50,
506 ; Moskva, 128, 518 ;

Neckar, 506, 544; Netze, 506;
Neva, 202, 558 ; Niagara, 349 ; Nie-
men, 61, 506, 509; Niger, 4; Nile,
176-177, 429

Obi, 4, 472 ; Oder, 203, 205-207;
Ohio, 138-141, 526; Orange, 4;
Orb, 133; Orinoco, 19; Oswego,
208-209; Ottawa, 523;

Pernow, 207, 208 ; Platte, 453 ;

Ravi, 438 ; Reno, 165, 167; Riche-
lien, 342, 522 ; Rother, 243; Rupel,
491, 492, 4945

Saar, 506, 509 ; St. Mary, 376-377,
535; Salt, 453; Sambre, 491, 494 ;
San Juan, 636, 639 ; Sadne, 50, 151,
485 ; Shannon, 246 ; Sile, 498, 500;
Sone, 112, 438; Sorgues, 449, 450;
Spree, 348, 506; Suck, 115, 1I6;
Sutlej, 429, 437

Tagus, 496-497; Tay, 247; Theiss,
166, 511; Tiber, 498, 501 ; Ticino,
442, 443; Trent, 475; Tsien-Tang
Kiang, 242;

Verdon, 446, 448; Vindau, 207-
2083 Vire, 243, 324; Vistula, 506,
509, 511;

‘Waveney, 218 ; Weaver, 364, 471,
4775

Vang-Tse-Kiang, 4; Yellow, 4,
167-168 ; Yenisei, 4, 472; Yonne,
11, 50, 66 ; Vssel, 486, 487 ;

Zambesi, 4.

See Adda River, Adige River,
&ec. &c.

Rochdale Canal, supplied by reser-
voirs, 366 ; causes of large traffic on,
476.

Rock Removal under Water, go-
92; by drilling holes and blasting,
9o; by driving galleries and firing
large blast, 91 ; shattering by rock-
cutting rams, 9t ; description of
method employed for, in widening
Suez Canal, 91; at ‘Iron Gates’ of
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Danube, 91-92 ; on Clyde, 254 ; on
Tyne, 267 ; at Suez Canal, 613.

Roquefavour Aqueduct, description

of, on Marseilles Canal, 446.

Rother River, injury of outlet of, by

reclamations and erection of sluice
across, 243; improvement of outlet
of, by destruction of sluice, 243.

Rupel and Louvain Canal, depth of,

and dimensions of locks on, 493.

Rupel River, connected with Brussels
by a canal, 491 ; communicating with
Sambre by canals, 492 ; traffic on, 494.

Russian Waterways, 514~-519; rivers
flowing into four seas, 5I14-515;
chief navigable rivers, 515-516;
canals connecting rivers, 516-518;

~ lengths of, 518-519; traffic on, 519;
average journey on, compared with
that on German, French, and Eng-
lish waterways, 519 ; ton-mileage on,
compared with that on French and
German waterways, 519.

S.

Saar Canal, length of, 50%; traffic on,
500.

Saar River, partially canalized, 506 ;
traffic on, 509.

St. Clair Flats Canal, period of con-
struction of, 530; original and en-
larged dimensions of, 530-531.

St. Denis Canal, upstream traffic of
Seinediverted into,68; numberof locks
on, reduced and their lift increased,
380; description of double locks
with large lift on, 380-382; cylin-
drical sluice-gates for working lock
with large lift, 385; control of, 484.

St. Julien Canal, old canal drawing

water from Durance, 448; area irri-
gated by extended canal, 449; course
of, 449; weir across Durance for

supply of, 449.

St. Lawrence Canals, dimensions of

enlarged locks on, 376 ; tonnage and
draught of vessels navigating, 376 ;
lateral to the St. Lawrence, 521-522;
traffic on, 525.

St. Lawrence River, basin of, 5; flow

of, regulated by great lakes, 17; in

Index.
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connection with Mississippi by great
lakes and Illinois and Michigan Canal,
348; link in longest inland waterway,
521; rapids of, avoided by lateral
canals, 521-522 ; connected by water
with the Hudson River, 522 ; rise of
traffic on, 525.

St. Liouis Ship-Canal, 556-557; to
avoid bar of Rhone delta, 184 ; de-
scription of, 556-557; size of lock
shutting off, from Rhone, 557 ; ap-
proach to, impeded by advance of
Rhone delta, 557; increased traffic
on, 557; traffic dependent on Rhone
navigation, 557%.

St. Mary’s Falls Canal, or Sault-
Sainte-Marie Canal, U.S., 376-377;
avoiding rapids on St. Mary River,
376; length of, and dimensions of
original locks on, 376 ; description of
enlargement of, and new large locks
for, 376-377 ; dimensions of new lock
on, 534.

St. Mary River, connecting lakes
Superior and Huron, 376 ; lateral
canals formed on each side to avoid
rapids of, 376 ; traffic on, 535.

St. Petersburg and Cronstadt Ship-
Canal, 557-559; to deepen approach
to St. Petersburg, 557-558; descrip-
tion of, R58; cost of, 559; area of
basins at St. Petersburg end of, 559.

St. Quentin Canal, connecting basins
of Scheldt and Somme, 363 ; length
of tunnel on, 363; opening of, 481 ;
link in connection of Canal du Centre
with North Sea, 481 ; large traffic on,
484, 485 ; submerged chain laid down
along summit-level of, 544 ; travelling
wire cable tried on, 546.

Salt River, weir across, for supplying
Arizona Canal, 453.

Sambre-Oise Canal, opening of, 482 ;
control of, 484 ; length of, 484.

Sambre River, link in waterway be-
tween Brussels and Liége, 491; con-
nected with the Rupel by a canal,
492 ; trafficon, 494 ; large coal traffic
on, 495.

San Carlos Canal, to avoid delta of
Ebro, 199, 496 ; shoaled by alluvium,
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496 ; used for irrigation, 496 ; small
traffic on, 496.

San Juan River, to be used for Nica-
ragua Canal, 636; level of, to be
raised by dam, 636; proposed regu-
lation of discharge of surplus water
of, from Nicaragua Canal, 639.

Sand Dams, 574~575; to prevent
slips in slopes of Baltic Canal, 574 ;
description of methods of forming,
574-575; extent of, along Baltic
Canal, 575.

Sand-Pump Dredger, 83-87; descrip-
tion of, 83 ; method of working, 83;
capabilities of, 83, 9o ; with cutters or
plough for compact materials, 83-84;

at St. Nazaire, — description of,
84; cost of, 84; cost of dredging
with, 84;

at Amsterdam Canal, — descrip-
tion of, 85; cost of, and cost of
dredging with, 85 ;

cost of, and of dredging with, at
Lowestoft Harbour, 85-86; for
lowering Mersey bar, 86, 251, 279;
capacity of, on Mersey, 86; cost of,
and of dredging with, at Dunkirk,
86; advantages and disadvantages
of, 87; approach-channels to ports

~ deepened by, 251, 278-279.

Sand-Waves, observed travelling down
the Mississippi, 51I.

Sadne River, ratio of discharge of, to
rainfall, 13; ratio of maximum to
minimum ‘discharge of, 50; weir
across, at Lyons, 140-141; floods
predicted on, 151; connected with
Meuse and with Yonne by canals,
348 ; canal in progress for connecting,
with Marne, 483 ; traffic on, 485.

Sault-Sainte-Marie Canal (Canada),
object of, 377, 522; dimensions of,
377, 524; enlarged size of lock on
377, 524; length of, 522.

Scheldt - Meuse Canal, cylindrical
sluice-gates at locks on, 384-385;
Antwerp connected with Maastricht
and Liége by, 491; rise and length
of, 492; traffic on, 494; nature of
main traffic on, 495.

Scheldt River, instance of river with |

estuary, 18; extent of tidal flow up,
238; instance ofirregular estuary,246;

rate of enlargement of—between
Antwerp and Lillo, 323; between
Lillo and Flushing, 323;

traffic on, in France, 484, 485;
connecting Ghent with Antwerp, 491 ;
in communication with Brussels by
the Brussels and Rupel Canal, 491 ;
depth of, 493 ; traffic on, 494.

Segmental Gate Weir, 117-118;
description and object of, across the
Seine in Paris, 115-118; formerly
placed across Rosetta branch of Nile,
118.

Seine Estuary Model, 331-337;
origin of experiments with, 327, 331;
description of, 332 ; results of work-
ing, 332-333 ; training walls inserted
in, and results, 333 ; introduction of
various schemes successively in, 333~
334; effects of schemes on bed of,
334-335; comparison of results pro-
duced by schemnes in bed of, 335-336 ;
similar large, constructed at Rouen,
336-337; value of experiments with,
342.

Seine River, 67-69, 310-222; basin
of, 3, 305; length of, 3; range of
rainfall in basin of, 6 ; nature of strata
of basin of, 12; influence of tribu-
taries on floods of, 12 ; ratio of dis-
charge in Upper, to rainfall, 13;
ratio of maximum to minimum dis-
charge of, 50; canalization of, 67—
68; size of vessels navigating Lower,
68; traffic on, due to position rather
than depth, 68-69; distances apart
of locks and weirs on Upper, as
compared with Lower, 69-70; locks
at Suresnes on, 102; locks at Pose
on, 103; needle weirs on, 124, 125;
shutter weirs on, 136-138; flood
diagrams of, 150 ; prediction of floods
of, 151 ; marine origin of alluvium in
estuary of, 232 ; fresh-water discharge
of, 233 ; length of sea-going naviga-
tion on, 234 ; extent of tidal flow up,
238, 305; rise of high-water line,
238 ; lowering of low-water line by
works in, 240; height of bore on,
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242; instance of river opening ab-
ruptly into large. estuary, 246 ; phy-
sical conditions of, compared with
those of Loire, 304—305; tidal rise
at mouth of, 305; good condition
of, between Rouen and old estuary,
310; former condition of, below La
Mailleraye, 310-311; former dan-
gerous condition of estuary of, and
remedies proposed, 311; introduction
and extension of training works in
estuary of, 311-312; works stopped
at Berville owing to changes in
estuary of, 312 ; raising and consoli-
~ dation of training walls in, 312;
increase in depth along trained chan-
nel of, 312-313 ; improved tidal con-
dition of, in trained channel, 313;
circnitous shifting channel in estuary
of, below training works, 313; pro-
longation of training works needed
in estuary of, 313-314, 320, 321;
unexpectedlylarge accretion in estuary
of, owing to training works, 314-315;
changed tidal conditions of estuary
of, 315~316; changes in lines of
soundings at mouth of, 316-317;
object of constructing Tancarville
Canal in estuary of, 317-318, 350,
553; conditions affecting the pro-
longation of the training works in,
318-319; various schemes for the
extension of the training works in,
319-320; remarks on the training
works in, 320-322; new outlet for
Havre proposed beyond estuary of,
320-321; rate of widening out of
trained channel of, 324; suitability
of, for model experiments, 330-33I ;
experiments with model of tidal, 331~
337 ; periods of canalization of Upper,
and improvement of Lower, 482;
traffic on, 484, 485 ; chains laid down
in, for hauling on, 543.
Severn River, basin of, 3; range of
" rainfall in basin of, 6 ; stanches on,
65; oblique weirs on, 109; floods
on, reduced by removal of rocky
shoals, 110, 158; rise of high-water
line on, 238 ; height of bore on, 242 ;
. difficult navigation of portion of,

Index.
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avoided by Gloucester and Berkeley
Canal, 350, 551I.

Shannon River, instance of river with
irregular estuary, 246. ’

Ship-Canal instead of Delta Chan-
nel, 198-203 ; to avoid impediments
at delta outlets, 183,198 ; at St. Louis,
to avoid Rhone delta, 184, 556;
Mahmoudieh, to avoid Nile outlets,
184, 199 ; proposed for Danube, 184,
199 ; proposed for Mississippi instead
of jetties, 184, 200 ; from the Tiber to
Ostia, 198-199 ; San Carlos, to avoid
Ebro delta, 199 ; proposed for outlet
of Volga, 199 ; only expedient when
jetty system is inapplicable, 2o1;
Fiumicino, to avoid Tiber delta, 498 ;
Arles and Bouc, to avoid Rhone delta,
556.

Ship - Canal T.ocks, dimensions of
various, 37%; increased sizes of, re-
quired for navigation, 377-378; lifts
of, 382; Gloucester and Berkeley,
5523 Tidal Loire, 553 ; Tancarville,
553 ; Ghent-Terneuzen,* 555; St.
Louis, 557; North Holland, 562;
Amsterdam, 568 ; Baltic, 575; Man-
chester, 585-586; Bruges, designed,
594 ; Caledonian, 599 ; Panama, pro-
posed, 620; Nicaragua, proposed,
637-638.

Ship-Canals, 550-651; classification
of, 550-551; instances illustrating
classes of, 550-551; lateral, 551-559;
for ports, 560-595; interoceanic,
596-647 ; schemes for, 647-651.

Ship-Canals described—

Amsterdam, 563-571, 579-580;

Baltic, 571-580; Bruges, com-
menced, 594-595 ;

Caledonian, 598-599; Corinth,
615-621 ;

Ghent-Terneuzen, 554-556; Glou-
cester and Berkeley, 551-553 ;

Loire, 308, 552-553;

Manchester, 580-593 ;

Nicaragua, 635-647; North Hol-
land, 561-563 ;

Panama, 625-635, 643-647 ; Pere-
kop, 621-622 ;

St. Louis, 556-557; St. Petersburg

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781108080606
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-08060-6 - Rivers and Canals: With Statistics of the Trafficon Inland Waterways

Volume 1: Canals
Leveson Francis Vernon-Harcourt

Index

More information

694

and Cronstadt, 557-559 ; Suez, 600~
6153

Tancarville partly formed, 317-
318, 553-554.

See Amsterdam Ship-Canal, &c.

Ship-Canals, proposed, Berlin, 650 ;
Brussels (designed), 649-650 ; Florida,
648 ; Forth and Clyde, 647; Kraw,
648 ; Manaar, 647-648; Paris, 649 ;
Tunisian, 648.

Ship-Canals across Isthmuses, 596-
649. See Interoceanic Ship-Canals.

Ship-Canals for Ports, 560-595;
objects of, 560-561 ; North Holland,
561-563; Amsterdam, 563-571;
Baltic, 571-579 ; Baltic and Amster-
dam, compared, 579-580; Man-
chester, 580-593 ; Bruges, 593-595 ;
schemes proposed for, 649-651.

Ship-Canals in place of Rivers, 551~
559 ; Gloucester and. Berkeley, 551—
552 ; Tidal Loire, 552-553; Tancar-
ville, 553-554; Ghent-Terneuzen,
554-556; St. Louis, 556-557; St.
Petersburg and Cronstadt, 557-559.

Ship-Railways, similar to canal in-
clines on large scale, 397 ; proposed
for crossing Isthmus of Tehuantepec,
397 ; probable difficulties in working,
397; instance of Chignecto, 398;
Chignecto, rival of ship-canals, 413 ;
cheaper in construction through
rugged country than ship-canals, 413-
414; uncertainty as to cost of
working, 414.

Shrewsbury Canal, barges carried
over Trench incline on, 391 ; length
and height of incline on, 391.

Shropshire Canal, length and height
of incline on, 391 ; barges conveyed
on cars along incline on, 391 ; size of
barges on, 391.

Shutter Weirs, 132-I42; general
form of, 132; bear-trap, 132-133;
Thénard’s, 133-134; Indian, 134
135 ; hydraulic,135; Chanoine, 135-
141 ; tilting, 141-142.

Side Ponds, provided for lock with
large lift on St. Denis Canal, 382,
386 ; method of saving water inlocking
with, 386 ; limit to number of, 386.

Index.

[Ship-Canals.

Sidhnai Canal, cost of, per acre
irrigated, 458 ; return yielded by, 459.

Sile River, connected with other
Venetian rivers, 498 ; traffic on, s01.

Siphons, inverted, for conveying
streams under canals, 361 ; on Cavour
Canal for crossing under tributaries
of Po, 442; on Verdon Canal across
valleys of La Lauviére and St. Paul,
447-448 ; cost of, across St. Paul’s
valley, 448; formed by Moors in Spain
for irrigation canals, 450; under
Manchester Canal, 5g0.

Sirhind Canal, fed by Sutlej, 437;
area irrigated by, and discharge of,
437 ; length, width, and gradient of,
437-438; cost of, per acre irrigated,
459; return yielded by, 459; used
for navigation, 520. A

Sizes of Navigable Waterways, of
small inland canals, 351; standard,
for main lines in France, 351 ; of the
principal canals, 351-352; in relation
to cross-section of barges, 353; in
Holland, 488—489; in Belgium, 493 ;
in Italy, 499~500; in Germany, 505—
506, 507; in Canada, 523-524; in
the United States, 533-535.

Sliding Panels on Frame Weirs,
126-128; in place of needles, 126-
127 ; description of, at Suresnes, 127 ;
advantages of, 127-128; adopted
across Sadne and Moskva, 128.

Sluices, for emptying canals and dis-
charging surplus water, 364 ; closed
by gates sliding on free rollers at
Manchester Canal, 364; alongside
locks of Manchester Canal, 585, 586 ;
in estuary embankment of Man-
chester Canal, 586-58%.

Sodertelge Canal, connecting Lake
Milar with Baltic Sea, 504; traffic
on, 505.

Solani Aqueduct, for carrying
Ganges Canal across Solani valley,
439-

Somersetshire Canal, flight of locks
on, at Combe Hay, 378.

Sone Canals, shutter weir at head of,
134 ; hydraulic brake at weir of, 135;
weir across the Sone for supply of,
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438; length and discharge of, and
area irrigated by, 438; width and
gradients of, 438; impeded by silt,
438 ; cost of, per acre irrigated, 459 ;
receipts compared with expenses,
459; used for navigation, 520;
regular traffic on, 520.

Sone River, weir across, at Dehree for
Sone Canals, 112, 438.

Sorgues River, supplying irrigation
canals in valleys of Rhone and Du-
rance, 449 ; source of, 449 ; Carpentras
Canal, carried across, in aqueduct,
450.

Soulanges Canal, in construction
alongside St. Lawrence, 524; length
of, and locks on, 524; in place of
Beauharnois Canal, 524.

South Beveland Canal, for maritime
and inland navigation, 48%; in sub-
stitution for East Scheldt channel
barred by a railway, 490.

South Willems Canal, connecting
waterways of Holland with those of
Belgium, 487; increasing traffic on,
490.

Spanish Irrigation Canals, 450-451 ;
carried out by the Moors, 450;
Jucar, 450; from river Guadala-
viar in Valencia, 450; from river
Segura in Murcia and Alicante,
450; from rivers Darro and Genil in
Granada, 450; Aragon, 450—451;
Henares, 451; Esla, 451; cost
of Alphonso, Urgel and Tamarite,
459.

Spree River, weir across, at Charlotten-
burg, 143-144; connected with the
Oder by a canal, 348; canalized
above Berlin, 506.

Stanches, 64-66; description of, and
method of working, 64-65; on
Thames, Severn, and French rivers,
65; with needles introduced on
VYonne, 65; disadvantages of, 66.

Steam Navvy, 97-98; description of,
97 capacity of, on Panama Canal,
973 capacity and cost of, on Man-
chester Canal, 98 ; cost of excavation
with, on Manchester Canal, ¢8; im-

portance of, on ship-canal works, 99; |

employment of, on Manchester Canal,
584. See Excavators.

Stop-Gates, objects of, on canals, 364~
365 ; construction of, and positions
chosen for, 365; advantages of, for
repairs, 365.

Straight Cuts, advantages of, 506;
precautions necessary in forming, 56 ;
for facilitating discharge,160; adopted
on Fen rivers, 160; objections to, on
Mississippi, 160; in Sulina branch of
Danube, 194; across Hook of Holland
for Maas, 222, 223; for improving
the Nervion below Bilbao, 225; on
Tyne above Newcastle, 261-262 ; on
Tees below Stockton, 265; for new
outlet of Witham, 286 ; at outfall of
Nene, 287 ; on Great Ouse above and
below King’s Lynn, 287 ; for increas-
ing the fall and consequently the dis-
charge and tidal flow of the Fen rivers,
288.

Submerged Chain for Towage, 543~
545; conditions favourable for, and
method of working, 543; on Seine and
Elbe, 543 ; advantages of, with rapid
current, 5.4 ; instances of, 544; laid
in tunnels on canals, 544; movable,
adopted on Rhone, 544-545; mag-
netic adhesion to, adopted on Seine
and Oise, 545.

Suck River, weir across for regulating
flow at Ballinasloe, 115, 116.

Suez Canal, 600-615; rock-breaking
rams for widening, through rock, 91;
long shoots used at, for discharging
dredged materials, 93; dimensions
of, 351-352; dredgers employed for
enlarging, 354 ; variations in sea-level
at each end of, 600; negotiations for,
600-601 ; original capital for, 6ox;
route of, 6o1-602; description of,
602-603 ; nature and amount of ex-
cavation for, 603 ; methods of effect-
ing excavation of, 603-604 ; dredging
plant for, 604-605; special elevator
for discharging on to high ground at
side of, 605; fresh-water canal for
supplying works of, and the convey-
ance of plant, 605-606; harbour
at Port Said, 607; outlet at Suez,
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6oy ; completion of, and filling of
Bitter Lakes, 608; cost of, 608 ;
currents in, 608-610; traffic on,and re-
ceipts from, 610; navigation of, by
night, 610-611 ; reduction in time of
passage through, 611-612 ; widening
and deepening of, 612; schemes for
enlargement of, and widths and depth
adopted, 612; arrangements for widen-
ing, and protection of banks along,
612-613 ; excavation for enlarge-
ment of and cost of widening, 613;
progress of enlargement works of, 613 ;
increased draught of vessels navi-
gating, 613 ; remarks on, 613-615.

Sulina Jetties, 19o-194; St. George’s
branch considered preferable for im-
provement, 190 ; causes of provisional
selection of Sulina branch, 190; de-
scription of provisional, 19o-191;
consolidation of, 191; extension of,
191 ; cost of construction and main-
tenance of, 191; effect of, on coast-
line and foreshore, 191; increased
depth over bar produced by, 192;
cause of success of, 192; advance of
lines of soundings in front of, 193;
prospects of need of prolongation of,
193; dredging for deferring necessity
of prolongation of, 200-201.

Supply of Water for Canals, 365-
372; to make up losses from various
causes, 365, 371372 ; ordinary sources
of, 365 ; reservoirs provided for, 365~
370; introduction of, 370-371; con-
sumption of, 371-372.

Surrey Canal, lift-bridge carrying
railway over, 359.

Suspended Frame Weirs, 129-132 ;
object of, 129; originally proposed
for Rhone, 129; system of,as adopted
at Poses and Port-Mort, 130; de-
scription of, at Poses, 130-131;
advantages of, 131, 132; cost of, at
Poses compared with Port Villez and
Martot weirs, 131-132.

Sutlej River, inundation canals in the
Punjab fed by, 429; Sirhind Canal
supplied by, 437.

Swedish Waterways, 503-505 ; con-
struction of first canal with locks for,

I %dex. [Suez Canal.

503; description of Géta and Troll-
hitta navigations and their branches,
503-504 ; canals connecting Lake
Milar with Ballic Sea, 504 ; traffic
on, 505.

Swing-Bridges, description of, 356;
economical form of, with central pier,
356-357; across Amsterdam Canal,
352, 566; across Manchester Canal,
357, 588 ; advantages of using steel
for, 357; across Baltic Canal, 573-

574
T.

Tagus River, navigable in Portugal,
496 ; large works needed to render,
navigable in Spain, 496-497.

Tancarville Canal, 317-318, 553-554 ;
excavators used in construction of,
96, 554 ; object of, 317, 553 ; depth
of, between Tancarville and Harfleur,
317 ; sizes of locks at each end of,
317-318, 553 ; provision for conver-
sion into ship-canal, 318 ; length and
cost of, 318 ; traffic on, 318 ; descrip-
tion of, 553~554; methods of ex-
cavating, 554.

Tanks for Irrigation, for collecting
rainfall in India, 419 ; number of, in
Madras and Mysore, 419 ; construc-
tion of, 419; method of irrigating
from, 419-420; evaporation from,
4203 silting in, 420.

Tay River, instance of estuary with con-
tracted outlet, 247 ; irregularities of
estuary of, reduced by accretions, 247.

TeddingtonWeir,113-114; instanceof
oblique weir, 113 ; description of, 114.

Tees Breakwaters, 212—213, 267-268 ;
converging seawards from North and
South Gare, 212; construction and
length of, 212; object of, 213, 267;
cheap construction of, 268 ; reclama-
tions favoured by, 268, 270 ; forming
sluicing basin for outlet, 268, 2yo.

Tees River, 212-213, 265—2%1; basin
of, 3,265 ; cost of dredgers used on, 77;
cost of dredging on, 79; protection
of estuary of, by converging break-
waters, 212, 267-268 ; rise of tide at
mouth of, 213 ; lowering of bar of, by
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works, 213 ; influences of converging
breakwaters on, 213 ; low-water line
of, lowered by works, 240; instance
of river opening abruptly into large
estuary, 246 ; instance of tidal river
improved mainly by dredging, 251 ;
former condition of, 265; straight
cuts and jetties on, 265; training
works in, 266 ; nature of bed of, 266 ;
method of dredging in,and depositing
at sea, 266-267 ; amounts dredged
from, 267 ; removal of reef from, and
cost, 267 ; reclamations and accretions
in estuary of, 268, 270; increased
depth in, resulting from works,
268-269 ; improved tidal condition
of, 269; increased draunght and
tonnage of vessels navigating, 269 ;
remarks on works in, 269271 ; works
on, compared with Tyne and Clyde,
269-270; accretions in, resulting from
training works, compensated for by
redging, 284.

Terneuzen Canal, 554-556. See

Ghent-Terneuzen Canal.

Thames and Severn Canal, instance

of canal connecting two rivers, 348 ;
Sapperton tunnel on, 363 ; rise, fall,
and length of, 474 ; cost of, 474.

Thames River, basin of, 3; stanches

on, above Oxford, 65; draw-door
weirs on Upper, 113; mixed weir
across, at Teddington, 113-114;
tidal weir across, at Richmond, 1135,
116 ; embanked along estuary, 161 ;
contrast of estuary of, to tideless out-
lets, 173 ; limited length of naviga-
tion along, for large vessels, 234;
tidal and non-tidal portions of, con-
trasted, 235; navigation up to London
contrasted with Danube outlet, 235 ;
extent of tidal flow up, 238 ; effect
formerly of Old London Bridge on,
244 ; advantages of removal of old
bridges across, at London, 244; in-
stance of regularly enlarging estuary,
246 ; instance of trumpet-shaped out-
let with fairly uniform depth, 247;

‘rate of enlargement of, 323~324.
Theiss River, embanked along plains

of Hungary, 161, 166; large area

Index. 697

flooded by, 166 ; works on, for se-
curing Szegedin from floods, 166 ;
navigable length of, 511.

Thénard’s Shutter Weir, 133-134;
description of, across the Isle, 133~
134 ; at St. Antoine, 134 ; objections
to, 134; improved type of, adopted
in India, 134-135..

Tiber River, canal formed formerly to
Ostia to provide deep entrance to,
198-199; lower valley of, suitable
for navigation, 497 ; shallow mouth
of, avoided by Fiumicino Canal, 498 ;
works in progress on, for prevention of
floods, 498; increase in trade on, 500;
traffic on, 5o1.

Ticino River, Cavour Canal con-
nected with, 442 ; irrigation canals in
Lombardy supplied by, 443; weir
across for supplying the Naviglio
Grande, 443; Milan connected with,
by Naviglio Grande, 498 ; traffic on,
501,

Tidal Curves, simultaneous, to indi-
cate height and progress of tide along
a river, 240; method of obtaining,
240; indications of tidal volume
afforded by, of Seine, Mersey, and
Weser, 241.

Tidal Flow in Rivers, 229-245; in-
fluence of, in a creek, 229-230, 245;
in a river, 230-231; importance of,
for rivers with small basins, 234-236;
illustrations of value of, by contrast
between outlets of tideless and tidal
rivers, 235-236 ; conditions affecting,
illustrated by examples, 237-238;
extent of, in various rivers, 238;
causes of variations in extent of, 238 ;
facilitated by improvement works,-
241; effect of obstructing, 242-245;
effect of, on outlet, 245 ; improved by
works on Clyde, 255 ; facilitated by
dredging on Tyne, 263 ; promoted by
works on Tees, 269 ; anticipated im-
provement in, on Usk by dredging,
274 ; facilitated in Mersey by dredging
bar, 280 ; improved in Fen rivers by
cuts and training, 285-288; improved
by training and dredging on Ribble,
294,297 ; accelerated and extended on

Aaz2
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Weser by works, 302; improvement
in,along trained channel of Seine, 313;
method of producing, in model experi-
ments, 330, 332, 336-337, 338.

‘Tide, importance of, at mouths of rivers,

18, 172-173; small,in Gulf of Mexico
in front of Mississippi delta, 179; in
Dublin Bay, 211;

at mouth of — Merrimac, 211;
Tyne, 213, 262; Wear, 214; Yare,
218; Adur, 219; Adour, 221; Maas,
223 ; Nervion, 225;

at mouths of Ganges, 232 ; instances
of rivers with large rise of, 237; in-
stances of rivers with moderate rise of|
237 ; limit of, in various rivers, 238;
progress of, up a river, 240-242;
method of recording, 240 ; abrupt rise
of, in places, 240 ; arrested by Martot
weir on Seine, 240-241; double, at
mouth of Seine, 241 ; increased range
of, at Glasgow, 255; range of, at New-
castle, 263 ; rise of, at mouth of Tees,
268 ; rise of, at Stockton, 269 ; range
of, at mouth of Usk and Newport,
271 ; rise of, in the Wash, 285;
increased range of, in Witham from
outfall works, 286 ; rise of, at mouth
of Dee estuary, 289; range of, at
Preston, before and after Ribble train-
ing works, 294, 297 ;

rise of — at mouth of Ribble,
295 ; on Weser at Bremerhaven, 300;
at Heligoland outside Weser estuary,
301; at mouth of Loire and of Seine,
305.

Tilting Shutter Weir, 141-142; de-
scription of, across Irwell, 141 ; objec-
tions to, for large openings, 142.

Torcy-Neuf Reservoir, for supplying
Canal du Centre, 366 ; construction of,
366 ; capacity of, 366 ; valve tower
for controlling outflow from, 369.

Tower Bridge, instance of bascule
bridge, 358; description of, 358;
reason for adopting bascule form for,
358.

Towing by Locomotives, employed
on canals in France, 549; tried in
Germany and on Shropshire canal,
549 ; speed obtained by, 549.

Index. [Tidal Flow.

Towing-path, provided along canals,
356 ; form of, 356; on side-wall of
aqueduct, 360; occasionally dispensed
with in tunnels, 362.

Traction on Waterways, methods
and advantages of steam, 54I-543;
instances of, with steamers, 542; by
hauling on submerged chain, 543—
545; by towing with endless chain,
545-546 ; by travelling wire cable,
546-548; by electricity, 548 ; with
grappling wheels, 548-549 ; by loco-
motives, 549 ; remarks on, 549~550.

Traffic, on Rhine, 60; on Rhone, 63;
on different sections of Seine, 68; on
Main, 69 ; through Sulina mouth of
Danube, 194 ; increased, on Maas
to Rotterdam, 224; increased, to
Glasgow by Clyde works, 256;
along Tancarville Canal, 318; on
inland waterways dependent on
trade in bulky goods, 470-471;
instances of waterways with large,
in France and England, 471; causes
of decline of, on English inland
waterways, 476 ; instances of large,
on British waterways, 476-477; hin-
drances to through, on English water-
ways, 477-478; on British water-
ways, 480; on French waterways,
484-486; on Dutch waterways, 490;
on Belgian waterways, 494-495;
average, on Belgian railways and
waterways compared, 495-496; on
Spanish waterways, reduced by rail-
ways, 496—497 ; on Italian water-
ways, 500-501; on German water-
ways, 508-510; on Austrian water-
ways, 5II; nature of, on Danube,
513; on waterways and railways in_
Hungary compared, 513-514; on
Russian waterways, 519 ; comparison
of, on Russian, with French and
German waterways, 519 ; on Cana-
dian waterways, 524~525; on United
States waterways, 535-537; increase
of, on Ghent-Terneuzen Canal, 556 ;
on St. Louis Canal, 557; on Amster-
dam Canal, 570-571; prospects of,
on Baltic Canal, 579; on Manchester
Canal, 592; on Caledonian Canal,
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599 ; on Suez Canal, 610; on Corinth
Canal, 621.

Training Banks, 54-55; advantages
of, 54; construction of, 54-55; for
easing bends in rivers, 55.

Training Werks, along several tidal
rivers, 217 ; along the Maas below
Rotterdam, 222-224 ; along the Ner-
vion below Bilbao, 224~225; Tyne
regulated by, above Newcastle, 261 ;
proposed for Usk, 273-274; objec-
tions to, in inner Mersey estuary, 277~
278; limited scope of, on various
tidal rivers, 281; complicated pro-
blem involved in, through wide estu-
aries, 282 ; influences of], in estuaries,
282—283 ; position of Clyde favour-
able for, 284; in the Wash, 284~
289; in Dee estuary, 290-293; in
Ribble estuary, 294-300; in Lower
Weser and estuary, 300-303; in upper
estuary of Loire, 306-308, 309-310;
in Seine estuary, 311-314; schemes
for prolongation of, in Seine estuary,
318-322 ; considerations affecting,
322-323; rate of enlargement of
trained channel deduced from expe-
rience, 323-325 ; remarks on, in estu-
aries, 325-326; experimental inves-
tigations with, in Seine model, 333~
336; experimental investigations with,
in Mersey model, 339-342.

Travelling Wire Cable for haulage,
546-548 ; description of system, 546;
trial on St. Quentin Canal, 546 ; de-
scription of system tried on canals
near Paris, 546-547; adopted in the
Mont-de-Billy tunnel, 547-548.

Trent and Mersey Canal, instance
of canal connecting two rivers, 348 ;
Harecastle tunnel on summit-level of,
362 ; Anderton canal lift connecting,
with Weaver, 401-404 ; causes of large
traffic on, 476.

Trent Navigation, Canada, route and
length of, 523 ; incomplete condition
of, 523.

Trent River, connected with Witham
by Foss Dyke, 475.

Trollhéitta Canal,
Gota navigation,

VOL. IL

connected with
503; period of

Index.
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construction of, 503-504 ; course,
fall, and size of locks on, 504;
traffic on, 505.

Tsien-Tang Kiang River, height of
bore on, 242.

Tube-Floats, used in flumes at Lowell,
27; advantages and disadvantages of,
34

Tunnels, for railways under Japanese
rivers, 167 ; for canals similar to rail-
way tunnels, 362 ; for railways com-
pared with those for canals, 363-364.

Tunnels for Canals, Harecastle, for
Trent and Mersey Canal, 362; in-
stances of long, in Great Britain, 362~
363; instances of long, in France,
363; length of, on Marseilles Canal,
446; length of, on Verdon Canal,
447 ; formed by Moors in Spain for
irrigation canals, 450; on Henares
Canal, 451; near head of Highline
Canal, 453; at head of Turlock
Canal, 4353.

Turlock Canal, 455-456; area of San
Joaquin valley irrigated by, 455;
masonry dam across river Tuolumne
for supply of, 455; headworks for,
455—-450; description of, 456 ; cost
of, per acre irrigated, 459.

Tyne River, 213-214, 258-265 ; basin
of, 3, 258 ; cost of dredging on, 79;
reduction of floods by improvement
of, 171, 263 ; converging breakwaters
at mouth of, 213; rise of tide at
mouth of, 213, 262; lowering of bar
of, by dredging and scour, 213; in-
fluences of breakwaters at mouth of,
213~214; progress, lengths, and object
of breakwaters at mouth of, 214;
lowering of low-water line by works
on, 240; instance of tidal river im-
proved mainly by dredging, 251;
contrasted with the Clyde, 258; ori-
ginal condition of, 258 ; regulated by
jetties and training works, aided by
dredging, 258-259; amount of early
dredging in, 259; improvements
effected in, by early works, 259 ; har-
bour at mouth of, 259~260 ; increased
dredging operations in, 260; amount
dredged from, annually, 260; method

Aaj3

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9781108080606
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-1-108-08060-6 - Rivers and Canals: With Statistics of the Trafficon Inland Waterways

Volume 1: Canals
Leveson Francis Vernon-Harcourt

Index

More information

700 ] ndex. [Tyne River.

of dredging and depositing, 260 ;
total quantity dredged from, 261;
extension of depth in, above New-
castle, 261 ; cut made for, near
Blaydon, 261-262; great increase in

depth of, 262; transformation of

navigable condition of, 262; im-
proved tidal condition and capacity
of, 263 ; increase in trade of, and in
tonnage of vessels navigating, 263 ;
remarks on works in, 264 ; dredging
needed for maintenance of, 264 ;
dredging in, compared with that in
Clyde, 264 ; material dredged from
compared with alluvium of Missis-
sippi flood, 264~-265 ; rate of enlarge-
ment of regulated channel of, 324.

Tynemouth Piers, 213-214, 259-260;
converging seawards, 213; bardredged
under shelter of, 213 ; protecting Tyne
outlet from drift and waves, 214 ; ex-
tended to form refuge harbour, 214,
260; necessitated by exposed posi-
tion of bar, 259 ; construction of,
259 ; free admission of flood tide be-
tween, provided for, 259.

U.

United States Irrigation Canals,
451—456 ; earlier commencement of,
451—452 ; recent large extension of,
4523

description of—Arizona, 453-454 ;
Bear River, 454; Calloway, 452;
Del Norte, 452-453; Fresno, 452;
Highline, 453; Idaho, 454-455;
Turlock, 455-456 ; .

cost of, per acre irrigated, 458-459.

See Arizona Canal, Bear River
Canal, &c., &c.

United States Waterways, 525-538 ;
importance of, 525-526; improve-
meut of, and length of navigation on
principal rivers, 526-527; lateral
canals to avoid rapids on rivers, 526,
527; canals constructed to extend,
527-529 ; Central Transportation
Route, 529 ; Northern Transportation
Route, 529-530; St. Mary’s Falls
Canal, 376, 530; St. Clair Flats

Canal, 530-531; Hennepin Canal,
531; cuts connecting creeks, estuaries,
and lakes bordering the Atlantic,
531; Chicago Drainage Canal, 531~
533; sizes of, 533-535; traffic on,
535-537 ; remarks on, 537-538.

Usk River, 271-274; basin and navi-
gable depth of, up to Newport con-
trasted with Volga up to Astrachan,
235-236 ; instance of trumpet-shaped
outlet with fairly uniform depth, 247;
drainage area of, 271; situation and
form of outlet of, 271 ; range of tide of,
at mouth and at Newport, 271 ; defects
in channel of, below Newport, 272;
removal of hard shoal from bed of],
272-273; prevention of deposit of
hard refuse in tributaries of, 273;
cross-sections of, 273 ; deepening of,
below Newport by dredging, 273, 274;
regulation works for, proposed, 273-
274 ; prospects of improvements in,
by works, 274.

V.

‘Valle Canal, largest inland navigation
traffic along, in Italy, 500.

Valleys of Rivers, form of, on imper-
meable strata, 14; form of, on per-
meable strata, 14.

Velocity of Flow, methods of ob-
serving, 25-32; distribution of, in
a channel, 36 ; position of maximum,
36; curves of, 36-37 ; retardation of
surface, 37; mean, deduced from
surface, 38; formulae giving relation
between mean and maximum, 38-39.

Velocity-Rods, employed for mea-
suring discharge on Ganges Canal,
2.

Verdon Canal, 446-448; area irri-
gated by, 446; discharge of, 446;
course of, 446-447 ; aqueduct carry-
ing, across Paronvier valley, 447;
carried across valleys in siphons,
44%7; siphon carrying, across La
Lauvitre valley, 447 ; siphon carry-
ing, across valley of St. Paul, 447-
448 ; dimensions and gradients of,
448 ; masonrydam across river Verdon
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‘Water-Levels of Rivers.]

at head of, 448; cost of, per acre
irrigated, 458.

Verdon River, tributary of the Durance

supplying Verdon Canal, 446; ma-
sonry dam across, for supply of Verdon
Canal, 448.

Vessels, size of, on Lower Seine, 68;

size of, on Main, 69; tonnage and
dimensions of, on main inland canals
of France, 352, 376; tonnage and
draught of, provided for on St. Law-
rence and Welland Canals, 376 ; di-
mensions of, able to navigate most
Dutch canals, 488; largest, passing
between Rotterdam and Germany,
489 ; largest, admitted into Amster-
dam and Merwede Canal, 489; di-
mensions of, belonging to Danube
Navigation, 513; dimensions and
tonnage of largest, navigating Marie
Canals, 517; largest, hitherto navi-
gating Amsterdam Canal, 570; di-
mensions of, that could pass through
new Ymuiden lock, 570. See also
Barges.

Vindau River, outlet of, deepened by

parallel jetties, 207-208.

Vire River, injury to outlet of, by

erection of tidal gates across, 243;
improvement of, by removal of tidal
gates, 243 ; rate of widening out of
training walls of, 324.

Vistula River, navigable length and

depth of, in Germany, 506 ; connected
with the Netze by a canal, 507;
traffic on, in Germany, 509; navi-
gable length of, in Austria, 5I1;
traffic on, in Austria, 511 ; improved
by regulation works, 515; connected
with the Dnieper and the Niemen by
canals, 517.

Volga River, 178-179, 185-186;

basin and length of, 3; delta of, 178-
179 ; discharge of, and proportion of
alluvium in, 179; navigable outlet
channels of, and depths over their
bars, 179; dredging for deepening
and maintaining Bakhtemir outlet,
185 ; results of jetties at Kamysiak
outlet, 185, 186; proposed training
and dredging of Kamysiak branch,

Index. 701

185-186; basin of, connected with
Neva basin by Marie Canal, 367,
516; Upper, supplied in summer
months by Verknévoljsky reservoir,
368 ; freedom of, from rapids, 515;
improved by regulation works, 515;
early connection of, with St. Peters-
burg, 516 ; connected with the Dwina
and Moskva by canals, 518 ; proposed
connection of, with tributary of Don
by a canal, 518, 622.

Voorne Canal, to improve access to
Rotterdam, 222 ; access of, to Scheur
branch of Maas provided by Noord-
geul channel, 224 ; serving for mari-
time and inland navigation, 487;
traffic of, diverted to Scheur branch
of Maas, 490.

Vychni-Volotchok Canal, link in
early waterway between the Caspian
and the Baltic, 516; length of, 516;
connecting tributary of Volga with
Lake Ladoga, 516 ; diversion of traffic
from, 516.

W.

Walcheren Canal, for maritime and
inland navigation, 487; in substitu-
tion for branch of Scheldt barred by
railway embankment, 490.

Warwick and Birmingham Canal,
flight of locks on, at Hatton, 378;
link in waterway between Birmingham
and London, 478 ; amalgamation of
ownership of, with the other con-
necting canals proposed, 478.

‘Wash, The, training works on rivers
flowing into, 284-289; rise of tide
in, 285 ; straight cuts for outfalls of
rivers flowing into, 288; promotion
of accretion and reclamation in, by
extension of training works 289; in-
dications of silting up along shores
of, 289.

‘Waste-Weirs, to discharge surplus
water, 364 ; tidal openings on Man-
chester Canal acting as, 364, 587;
designed for discharging surplus flow
of the San Juan and other rivers
from the Nicaragua Canal, 639.

‘Water-Levels of Rivers, importance
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of ascertaining highest and lowest,
52; lowered by dredging and re-
moval of obstructions, 53 ; raising of
low, by canalization, 64 ; raising of,
by stanches, 64-65; raising of, by
weirsy 66-67 ; raising of, by embank-
ments, 162; rising of flood, on
Italian rivers, 164-165 ; effect of
raising of bed on, of some Japanese
rivers, 167 ; rise of, on Nile, 176.

Waveney River, joining the Yareand

Bure to form Yarmouth Haven, 218.

Wear River, 214-215; early jetty

works on, and results, 214; deep-
ening of bar at mouth of, by scour,
214; rise of tide at mouth of, 214;
area of basin of, 214; obstruction
of mouth of, by drift, 215; dredging
at outlet of, 215; converging break-
waters for protecting outlet of, 215;
low-water line on, lowered by works,
240; instance of river without an

estuary, 247.

‘Weaver River, tributary of the Mersey,

294 ; sluices across outlet of, for
regulating discharge, 364, 586;
cylindrical sluice-gates at locks on,
384 ; canal lift alongside, at Anderton,
401-404 ; causes of large traffic on,
471 ; successive enlargement of locks

on, 477-

‘Weirs,107-147;employed for canalizing

rivers, 66-67, 107~108 ; closer position
of, on Upper than Lower Seine, 69~
yo; division of, into three classes,
108; fixed, 108-112; oblique, on
Severn, 109-110; angular and horse-
shoe, 1T0-111; on river Lot, 110;
construction of fixed, 111; anicuts,
111-112; draw-door, 113-I20; at
Teddington, 113-114; irrigation in
India, 114-115, 435; with free
rollers, 115-117; segmental gate,
117-118; remarks on fixed and
draw-door, 118-120; movable, 121-
147, see Movable Weirs; at head of
perennial canals, 434435 ; across the
Sone at Dehree, 438; across the
Ganges at Narora, 440; temporary,
across the Durance for irrigation
canals, 445, 449 ; masonry, across the

Index. [Water-Levels of Rivers.

Durance for Marseilles Canal, 446 ;
across the Verdon for the Verdon
Canal, 448; masonry, across the
Henares and Esla for supplying
irrigation canals, 451; of timber
across the Fresno and Kern for Fresno
and Calloway Canals, 452 ; of timber
for Del Norte and Highline Canals,
453 ; across Salt River for Arizona
Canal, 453; across Bear River for
canal, 454; masonry, for Turlock
Canal, 455 ; see also Fixed Weirs,
Draw-door Weirs, Movable
‘Weirs, and Waste Weirs,

‘Welland Canal, to avoid rapids and
Falls of Niagara River, 349, 470,
522; dimensions of enlarged locks
on, 376; tonnage and draught of
vessels traversing, 376; length of,
and number and total lift of locks
on, 522; traffic on, 524-525.

‘Welland River, 286-287 ; falling into
the Wash, 284; drainage area of,
284 ; training of outfall of, 286-287 ;
lowering of low-water line of, by
works, 287; Witham diverted from
outfall of, 287 ; necessity for exten:
sion of training works on, 287.

‘Wells for Irrigation, 420421 ; means
of obtaining water, 418, 420 ; methods
of raising water from, in India and
Egypt, 420-421; suitability of, for
only small supplies, 42r.

Weser River, 300-303; instance of
river with an estuary, 18; contrast
of estuary of, to tideless outlets, 173 ;
rise of high-water line of, 238; low-
water line of, lowered by works, 240;
instance of rapidly enlarging estuary,
246; instance of tidal river improved
partly by dredging, 251; drainage
area of, 300 ; maximum and minimum
discharge of, 300; rise of tide at
mouth of, 300; position of estuary
of, 300; regulation of Lower, by
training works, 3or ; training of high-
andlow-waterchannel, 301 ; deepening
of, by dredging and scour, 301-302;
training works of, prolonged into
estuary, 3023 outlet channel of,
deepened by training and dredging,
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302; improved tidal condition of,
from works, 302 ; remarks on training
works of, 303 ; conversion of Bremen
into a seaport by works on, 303; rate
of enlargement of trained channel of,
324; length and depth of inland
navigation on, 505-506; traffic on,

509.

‘Western Jumna Canal, for irrigating

the Punjab, 437; drawing supply
from the Jumna, 437; length and
discharge of, 437; area irrigated by,
437 ; cost of, per acre irrigated, 459 ;
return yielded by, 459; available for
navigation, 520.

Wetted Perimeter, definition of, 22.
‘White Sea and Arctic Ocean, period

when blocked by ice, 514; Russian
rivers flowing into, §I5; connected
with Baltic and Caspian by help of
the Duke Alexander of Wurtemburg
Canal, 518,

Witham River, 285—286 ; eroder used

for deepening, 88; embanked below
Lincoln, 161; new cut at outfall of,
171, 286; effect of Grand Sluice across,
at Boston on channel below, 243;
drainage area of, 284; sluice-gates
put across drains of, 285; training
and dredging of channel of, above
new outfall, 286 ; increased depth and
improved tidal condition of, obtained
by works, 286 ; connected with the
Trent by the Foss Dyke, 475.

Worcester and Birmingham Canal,

flight of locks on, at Tardebigge,
3%8; former vertical lift on, at Tarde-
bigge, 398~-399; easiest route for
enlarged waterway from Birmingham
to the sea, 478; small dimensions
and tonnage of barges navigating,
478.

Wyker Meer, connected with North

Sea by Amsterdam Canal, 563;
Amsterdam Canal dredged through,
565; area of land reclaimed from,
and from Lake V, g70.

Y.

Y Lake, drainage of lands formerly

draining into, and reclaimed from,

Index. 703

564 ; embankment across, at Zuider
Zee end of Amsterdam Canal, 564 ;
traversed by Amsterdam Canal, 565 ;
circular cofferdam formed in, for con-
structing Zuider Zee locks, 566 ; area
of land reclaimed from, and from
Wyker Meer, 570.

Yang-tse-kiang River, basin and
length of, 4.

Yare River, 218-219 ; outlet of, di-
verted by littoral drift, 204, 218;
jetties for fixing outlet of, 218 ; rise
of tide at mouth of, 218 ; increased
depth in, obtained by dredging, 218~
219; outlet of, compared with Adur
outlet, 219 ; drainage area of, com-
pared with that of the Adur, 219.

Yellow River, large river of Asia, 4;
raising of bed of, by embankments,
167 — 168 ; periodical floods from
breaches in embankments of, 168.

Yenisei River, basin and length of, 4;
connected with the Obi by a canal,
472.

‘Ymuiden Harbour, 568-569 ; descrip-
tion of, 568-569; construction of
breakwaters for, 568-569 ; strength-
ening of breakwaters at, 569; form
and area of, 569 ; dimensions of navi-
gable channel through, 569 ; annual
amount of dredgingin, for maintenance
of depth in channel, 569.

‘Ymuiden Liocks,description of original,
568 ; dimensions of new large lock
constructed in side cut, 568; estimated
cost of new lock, 568.

Yonne River, torrential floods of, 11;
influence of, on Seine floods, 12, 50;
needle weirs first introduced as
stanches on, 65, 12I; navigation by
flashing still in use on Upper, 66;
hydraulic shutter weir across, at
Brillée Island, 135; connected with
the Sabne by the Bourgogne Canal,
348, 482 ; instance of torrential river
canalized, 350; connected with the
Loire by the Nivernais Canal, 482.

‘Ypres and Lys Canal, connecting the
Vser with the Lys a tributary of the
Scheldt, 492.

Yssel River, connected with Amster-
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dam by canal, 486 ; branch of Rhine
and Maas, 487; connecting north-
eastern canals of Holland with the
Rhine, 487.

Z.

Zambesi River, basin of, 4.

Zuider Zee, facilities afforded by, for
inland navigation in Holland, 486 ;
canals of eastern and western Holland
connected by, 487 ; size of vessels on
Dutch canals limited in draught by
shallowness of, 488 ; large traffic on,
between inland navigation ports on
shores of, 490; construction of North
Holland Canal necessitated by shoal-
ing of, 561; shut off from Amsterdam
Canal by embankment, 564, 566 ;

Index.

access between,and Amsterdam Canal
provided by locks, 564, 566 ; tidal
rise on, 565.

Zuider Zee Embankment, 566-568 ;
to exclude the tide of the Zuider Zee
from the Amsterdam Canal, 564, 566;
length and construction of, 566 ;
pumping machinery at, for discharg-
ing drainage water from Amsterdam
Canal, 567-568.

Zuider Zee Liocks, 566-567 ; reverse
gates at, to exclude sea from Amster-
dam Canal, 564—565, 567 ; constructed
within circular cofferdam, 566 ; de-
scription of, 566-567 ; for passage of
vessels trading between Zuider Zee
ports and Amsterdam and North Sea,

567.
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