Index

Absolute humidity, 237
Absorportion lossesina -
reservoir, 978 ‘
Absorption, 87 e
Abutment’s yield, 1231
Actual evapotranspiration
(AET), 338 .
Adiabatic saturationlapse . .
. rate, 237
Adjustable orifice
semi-module (AOSM), 711
Adjustable proportionate
.. module (APM), 711
Advantages of irrigation, 2
Advected energy, 334
Aeration arrangements in

gated ogee spillways, 1113

Afflux, 504, 522, 526
Afflux and head loss through
. syphon barrels, 727 :
Afflux due to weirs and
barrages, 586
Afflux in bridges, 781
Afforestation, 3
- Aggrading rivers, 492, 493
Agricultural strainer, 859
Aircraft reconnaissance
flights, 245
Albedo, 50, 51
Alignment of canals, 66
" Alkali salts, 215 ‘
- Alkaline soils, 214" -:. -
Alluvial canals, 65 -
Alluvial soils, 65, 111
Alternate depth, 545 -
. Anadromous fish, 529, 887
- Anchoring, 734 -
Angels, 244
Angle of swing, 500 -
Annual irrigation intensity, 73
Annual load factor, 1177
Annual series, 475
Antidunes, 96, 97
Anycut, 524 )
Apogee boost motor of an
INSAT, 246
Apparent sp. gr of soil, 64
-Apparent unit wt.,“55
Apron, Pl. see “Launchmg
Apron.”
Aqueducts -
Definition, 721
Design considerations, 726
Joints, 765
* Water bars, 768
Types, 725
Aquicludes, 799, 1326

Aquifer loss, 818
Aquifers, 799 .
Aquifuge, 1326
Aquitard, 1326
Arch dams
Definition,
Design, 1231
Examples, 887
‘Forces acting, 1231
Types, 1227

- Area-elevation-curve, 904;-906

Area to be irrigated, 74

.Areal characteristics of a

storm, 277

Areal density of rain gauges,
266

Areal distribution factor, 390

.Areally limited aquifers, 830

Arid regions, 22

Arithmetic mean method, 272~

Artesian aquifers, Pl. See
“Confined aquifers.”

‘Artesian springs, 839

Artesian wells, Pl. See
“Confined wells”

Artificial cut off, 517

Artificial cut offs for achieving
‘river navigability, 1204

- Artificial recharge of ground

water, 830
Artificial sub-| -irrigation;: 4
Asbestos conduits, 1169

-| " Ashim filters, 856 -
-1 Asphaltic concrete lining, 199 -
| Aswan dam, 885 b

Attracting groynes, 513

| Aurorae, 242

Auxilliary devices for energy
dissipation in stilling .
basins, 1142

Available moisture, 55

Average annual rainfall, 269 -

Average annual yield of a
catchment, 927

Average boundary sheer
stress, 107

Average catchments, 916

Average particle size of

. alluvium, 120

Average shear strengthofa .

“joint, 995
Average unit tractive force, 98
Average yield, 911

e

Baby syphon, 1134 -

“Back berm, 148

1558

Back washing technique of
tubewell development, 867

Bacterial contamination of
irrigation water, 19

Bad catchments, 916

Baffle falls, 644, 674 ~——————"

Baffle piers, 1142

Baffle plateform, 644, 675
Baffle wall, 644, 675, 1140
Balancing depth, 150
Balancing weights, Pl see”
~ Sounding wts

- Balli spurs, §15

Bank connections design, 736

- | Bank stabilisation in fivers to .

achieve navigability, 1204
Bank storage, 910
Banks in a canal, 148
Barlow's coefficient, 917
Barlow's run off percentages,

Pl see “Barlow’s tables.”
Barlow’s tables, 917
Barrage regulation, 535
Barrages

Data pertaining to certain

. Indian barrages, 615

Definition etc., 521

Design, 580, 588

Effects on river regime, 584

Factors governing desngn

585

1 Base-flow, 305, 306, 371

Base flow curve, 308

Base flow separation.from -
hydrograph of a river to
.obtain D.R.O. hydrograph
309, 425 -

Base load plant, 1179

- Base period, 22
" Basin flooding, 9

Basin lag, 403

Beaver's meadow, 884

Bed bars, 717

Bed formation in canals 96
Bed load, 95,131

Bed load measurement, 131
Bedding, 220

Bell and spigot joint, 1167
Bell mouthed entrance, 1156

Bends in rivers, 495, ... s

Benefit-cost ratio of lining -
canals, 182
Berms in a canal, 147
Bernard's distribution graph,
419, 426

Bhakra dam, 896

Bhimgoda.barrage, 618 .

Biff wall, 669

Binnies monsoon
rainfall-runoff curves, 916
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Binnies percentages, 915

Black alkali, 215

Black cotton soils, 208 R

Blaney - Criddle formule, 36,
53

Bligh's safe creep theory, 553

Bligh's safe hydraulic gradient
for different types of soils,
554

Blind inlet, 219

Bomb threats at dams, 889

Border floading, 5

Bore hole logs, 880~~~

Bore hole type of pumps
Definition, 871
Submersible type, 872
Turbine type, 872

Borrow pits, 149

Boston flood society of Civil
Engineers flood formula
450

Boulder lining, 200

Bowen'’s ratio, 335

Box culverts, 788

Braided rivers, 492, 493

Branch canals, 71

Brass screens, 856

Breaches in canals, 169

Breaching section, 1100

Breast wall, 534

Brick linings in canals, 199

Bridges across drains and
canals
Afflux computations, 781
Data collection, 775

- Depth-of bridge:. =z -

foundations, 778 -
Effective clear span, 779
Introduction, 775
Linear waterway of, 775
Max. scour depth
computations, 778
Normal scour depth
computations, 776
Pumping arrangements,
869 .
Structural design & otheér
" detailing of slab bridges,
786
‘Tentative dimensions of

_.fop.width-of piers_and-—-- |

abutments, 781
Total clear span and No. of
spans, 778
Verticai clearance, 781
Bridging action, 866
Broad crested weir, 342
Broad crested weir, discharge
" formula, 587
Broad crested weir formula for
afflux, 782
Bubbie gauge, 1536

o (S

Bulk unit wt., 1048
Burge’s formula, 450
Buttress dams
Definition, 1237
Types, 1237
Buitresses, 1238

- Cable tool drilling, 847, 861

California probability formula,
457
California probablhty method,
281 .
Canal breaches, 169
Canal escapes
" Definition, 697
Types, 698
Canal falls
Compatrison of different
types, 544
Definition, 639
Design principles of
various types, 645
Location, 639
Meter & Non-meter falls,
644
Types, 839
Canali head regulator,
Definition, elc. 528
Design, 608
Canal irrigation system, 65
Canal outlets or Modules
Definition, 700
Requirements of a good
outlet, 700
Types, 700
Canal regulation
Definition, 88,684 -~ -
Works, 684
Canal regulators, 684
Canal standards, 155
Canal syphon, Pl. See
“Syphon”
Canal wings, 736
Capacity-elevation curve, 804
Capacity factor, 75, 1177
Capacity inflow ratio, 857
Capacity of a tank, 1206

Capillary-fringe; 312,°794- "~

Capillary rise or Capillary
fringe, 201, 1060

‘Capillary water, 54

Capillary zone, 312

Cart Crossings, Pl. See
“Cattle Crossings”

Cash crops, 30

Cast insitu concrete lining, 192

Cast iron conduits, 1167

Catchment factor, 918

Catchment yield, 910

quW W
an 1 wHﬂﬁw

Cattle crossings, 715

Causeways, 788

Cavitation, 1103

Cavity formaticn in open
wells, 837

Cavity type tubewells, 847

Cement concrete tile lining,

- 199
Centrifugal pumps, 869
Chance flood, 454
Channel capacity
computations, 75
Channel erosion, 962
Channel index, 702
Channel losses, 86
Channel routing, Pl. See
“River routing”
Channel storage, 304

‘Characteristics of a rain

storm, 276
Check floading, 8
Chemical tracer, 803
Chezy's formula, 113
Chimney drain, 1091
Christiansen formula
for computing pan
evaporation, 43
Chute blocks, 1142
Chute spillway, 1114
Cirrus, 238
Class A pan of U.S. Weather
Bureau, 330
Closing dikes, 519
Ciosure of canal breaches,
170
Clouds : S
Basic forms, 239
Definitior,, 238
Distinguishing features, 239
Formation, 238
Formation of rain drops
and snow flakes in
clouds, 240
Measurement, 240
CNS layer to be used for
lining over soil sub-grades,
209
Coefficient of expansion of
pipe materials, 1165
Coefficient of permeability,
793, 797
Coefficient of plpe fnctlon 874
Coefficient of storage, 802
Coefficient of transm:ssnblhty,
798
Coefficient of variation, 268
Cohesive non-swelling soil
(CNS), 209
Coir rope strainers, 860
Cold front, 251
Colorado sunken pan, 330
Columnar buttress type of
dam, 1243, 1244
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Combined catchment, 1208
Compacted earth lining, 200
Compaction of earth under
OMC conditions, 200
Compactness coefficient, 375
Compressed air, use for well
development, 866
Compression or crushing of
* gravity dams, 992" -
Concentrated fall hydroelectric
development, 1172
Concentration factor, 588
-Concrete tile lining, Pl see.-

“Cement concrete tile lining"

Concrete weirs with sloprng
glacis, 525
Condensation level, 237
Conductivity of water, Pl see
. "Electrical conductrvrty of
- water*
Cone of depression, 841
Confined aquifers, 800
Confined wells, 800
Coniferous forests, 260
Conjunctive use, 214
Conservation of reservoir
water, 336
Conservation reservoirs, 902
Consistency of data of a rain
gauge station, 262
Consolidation, 1051
Consolidation grouting, 1040
Constant angle arch dams,
1231
Constant centre arch dams,
1228
" 'Constant radius arch dams,
1228
Construction joints
in dams, 1032
in c.c. linings, 195
Consumptive irrigation -
requirement, 35
Consumptive use coefficient.
(K), 40
‘Values of K, 41 42,43~
Consumptive use of water,
17, 34, 339 .
Estimation of, 36
Factors affecting, 35

Continuous drainage relief

- pockets, 206
“Continuous slot type of
strainers, 858 -
Contour canal, 66, 67
Contour map of a dam site,
©.905 -
. Contour maps for ground
water levels, 878 -
Contraction coefficient for
piers and abutments, 1110
Contraction joints, 1032
Contraction transitions, 728,
730, 744

~| Curtain grodtung, 1040

IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES

Control meter, 343"
Control structure, 1116
Controlled spillway, 1100

Convective precipitation, 251,

Conveyance factor, 367
Copper pipes, 1169
Corbel, 1107

Coriolis force, 235"
Corona, 242

Corrosion, 866
Corrugations, 11

..{. Coulomb’s law for'shear- - -

strength of soils, 1048
Counter berm, 148'
Crackrng of concrete. 1031
Creager's formula, 449
Creep, 553

Critical condition for motion of .,

sediment, Pl see
*Threshold pomt
Critical exit gradient, 558
Critical tractive stress, 99
Critical veiocity in channels,
111
Critical velocity ratie, 112
Critical slip circle, 1073
Crop factor, (k), 36
Crop period, 22
Crop rotation, 30, 214
Crop seasons in India, 27
Cropped area, 74

Cross-section of an rmgatron

canal, 146
Cross drainage works
‘Definition, 720 :

Design consnderatlons, 726 A i

Selection, 724
Types, 720

-Cross regulator, 685

Crumps adjustable
proportionate module, 711

Cultivable commanded area,
_PI. See “Culturable
Commanded area.”

Culturable commanded area,
73

Culverts, 775

Cumuliform clouds, 238

Cumulus, 239

Current meter, 348 = ... ...

Curves in channels (canals),
72

‘Cut off -

Cut off ratio, 499

Definition, 498

Development, 499
Cyclone, 251-

_ Cyclone formations, 245

Cyclonic precipitation, 251
Cylinder fall, PI See “Syphon
) well drop.”

D-graph, Pl. See “Bernard’s
distribution graph”

Dalton’s law of evaporatidn.

327 N
Dami reservorrs, PI See ‘

“Reservoirs”. i
Dam stones, 1214

. Damodar valley corporation

(DVC), 954 ...

" vDams,

Certain modern dams, 885
Classifications, 890 -
- Definition, 884
" Factors governing the
selection of a particular
type of dam, 890

 History of dam

construction, 884
Problems in dam
construction, 887
Selection of a dam site, 892
Selection of the type of
dam, 890
Stories of a few important
dams, 893
Uses, 884 .
Various kinds of dams, 885
Darcy, 1335
Darcy's law, 795
Darcy-Weisbach equation, .
- 1162
Dead storage," 910,956~

‘Deck slab type buttress dams,

1228
Deep open wells, 840 ,
Deep surface drains, 218
Deep tubewells, 847

‘Deflecting groyne, 514

Deflector wall, Pl. See “Biff
- wall”
Degrading rivers, 492, 493
Degree of saturation, 1049
Delta formation, 494
Deitaic rivers,; 492, 493
Demand factor, 1177
Density currents, 953 -
Dentated bucket lip, 1138

~‘Dentated sills; 1942 —
Dependable capacity of a

power house, 1176 . .
Dependable rainfall, 912, 915
Dependable yield, 911, 915

" Depression head, 841

Depression storage, 370

Depth area duration curves,
Definition, 277, 279
Equation of, 279
Maximised curves, 280

Depth of irrigation, 56
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Design flood values for
Barrages and minor dams,
481
Miscellaneous hydraulic
structures, 481
Spiliways of major and
medium dams, 480
Design of non-scouring stable
channels o
having protected side
slopes, 99
having unprotected side
slopes, 103
Design of non-silting and
non-scouring stable
channels in india, 110
Comparison of Kennedy’s
and Lacey s theories,
122
Kennedy’s theory, 111
Lacey’s theory, 118
Design of rain gauge network,
266 ]
Design procedure for canai
L-section, 154
Desilting of canals, 167
Detention dams, 830
Devices for distributing water
from irrigation ditches into
fields, 12
Dew point, 236
Diaphragm type embankment,
1046
Dicken's flood formula, 447

Differential current meters, 349
Dilution method of measun_f\g )

river discharge, 364

. .Dipper dredgers, 1203 '

Direct current meters, 349
Direct jrrigation, 3
Direct jump, 545
Direct runoff (DRO), 305
Directrix, 1045
Disadvantages of irrigation, 3 -
Discharge carrier, 1119
Discharge curve, Pi. see -
“Gauge discharge curve”
Dispersing agents, 867
Distributaries, 71
Distributary head regulator,
685, 692.

Distribution coefficient; 374—= -

Distribution reservoirs, 804
Distribution system for canal
irrigation, 69 - »

- Diversion dams, 890

Diversion headworks,
Components, 523
Definition, 521

. Layouts, 523

Diversion headworks, 68, 70,

521, 523 '

Diversion tunnels, 1029 -

Diversion weir and its type,
524

Divide wall, 528

"Divided falf hydro-electric

development, 1172
Double curvature arch dams,
1227 )
Double main system for tile |
. drains, 231, 232

. Double mass curve, 262
Double walled buttress dams,

1243 e -
Dowilas in a canal
cross-section, 148
Downstream vertical cutt off, -
- 554
Draft tubes, 1185
Drag force, Pi. See “Tractive
force”
Drain trench, 1092
Drainage area, 228
Drainage coefficient, 227
Drainage density, 377

Drainage filter design, Pl. See

“Filter design”

' Drainage network, 376

Drainage system below
irrigated land for removing
excess irrigation water, 208

Drainage wings, 736

Drawdown curve, 805

Drawdown curve in tile drains, -

.. 223
Dredge flood formula Pl. See
“Burge’s formula”

Dredgers, 1200 T

Drilled tubewells, 861 .

Drilling of tubewells, 861

Drilling rigs, 861

Drip irrigation, 15

Driven tubeweils, 860

Drizzle, 240

Droppler type radars, 244

Drops for measuring

- discharges, 347

Drowning ratio, 703

Dry adiabatic lapse rate, 236

Dry intake towers, 1160

Dry stone lining, Pl. See
“Stone pitching”

Dry unit wt. of soil, 85~

Du-Bois formula for bed load,
133

Dug wells or Open wells,
Construction methods, 842
Deep dug wells, 840
Definition, 839
Shallow dug wells, 840
yield, 839

Dunes, 86

Dunes with ripples, 96
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Dupuits formula for yield of
Confined aquifers, 811
Unconfined aquifers, 810

Durgapur barrage, 615

Duty of water,

Definition, 22
Duty at various places in a
canal system, 25
Duty for certain crops, 26
Factors on which duty
depends, 25

Flow duty and quantity
duty, 25

Importance of duty, 76

Measures for improving
duty, 26

Relation between duty &
delta, 24

Delta of a crop, 23
definition, 22
delta for important Indian

crops, 23

Duty on capacity, 78

Dynamic force, 1144

Dynamic vigcosity, 124

e §

Earth dams

Causes of failures, 1052

Definition & Iritroduction,
1045

Design criteria, 1055

Examples, 886

Methods of-construction,
1047

Preliminary sections, 1056 .

Seepage analysis, 1058

Seepage control, 1080

Stabiiity of slopes, 1071

Types, 1045

- Earth linings, 200

Earthquake forces on dams,
986

1 Easterly waves, 245

Echo, 242

Echo depth recorder, 1536

Economic height of a dam,
980.

~Economical central-angle.in_

an arch dam, 1224, 1234
Economical spacing of
buttresses in a buttress
dam, 1236
Economically efficient
channel, 106
Eddy kinematic viscosity, 124
Eddy loss, 366
Eddy loss coefficient (Kg), 368

1 Eddy viscosity, 124
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Effective clear span, 779
Effective rainfall, 34
Effective size of aquifer, 849
Efficiency of a well, 818
Efficiency of an outlet, 703
Efficiency of water application
in irrigation, 31,
Efficiency of water
conveyance in irrigation, 31
Efficiency of water. storage in
an irrigation system, 31
Efficiency of water use in an
irrigation system, 31
" Effluent streams, 306
Einstein’s formula for bed
load transport, 137
Einstein’s bed load function, .
139
Electrical conductlvnty of salty
water, 216
Electrical conductivity of
water, 19, 217
Electrometeors, 242
Elementary profile of a gravity
dam, 1002
Emergency spillway, Pi. See
“Breaching section”
Energy budget method for
estimating evaporation
losses, 329, 334
Energy dissipation below
- Other types of spillways, 1141
Overflow spillways, 1135
Sluiceways of dam outlets,
1141 )
Energy dissipators, 1135
--Energy dissipators-in-sarda
type falls, 667
Envelope curves, 452
Envelope fiiters, 222
Ephemeral streams, 311
Equatorial regions (tropics),
238
Equilibrium discharge, 435
Equilibrium formulas for a
aquifer yields,
Dupuit's formula, 810, 811
" Thiem's formula, 805, 808
" Equipotential lines, 556, 557,
1058
Equivalent moisture, 55, 313
Equivalent uniform depth
Erosion of soil-factors
affecting, 962
Errors in rain-gauge
measurement, 259
Escapes, Pl. See “Canal
escapes” . :
Estimating depth and
frequency of irrigation on
the basis of soi! moisture
tegime concept, 56

IRRIGATIUN ENGINEERING AND HYDRAULIC STRUCTURES

Evaporation losses,

Dalton’s law of
evaporation, 327

Definition, 325, 327
Factors affecting, 328
Influence of depth, 528
Measurement, 329

Evaporation losses in a
reservoir, 976

Evaporation losses in canals,
86

Evaporation opportunity, 339

Evapotranspiration (E.T.), 34, - -

337
Exceedance probability, 455
Excess rainfall rate, 312
Excess rainfall, 304
Exit gradient, 558, 563

Expansion joints in

Aqueducts, 765, 771

Expansion transitions, 728,
745-

Expansive soils, lining of
canals in, 208

Extra terrestrial radiation, 43
Mean monthly values

thereof, 45
Extrodos curves, 1228

Factors affecting consumptiVe
use, 35

Failure of a tubewells, 867 .
1 Failure of dams, 888
Faiture of hydraulic structures,

553
Failure of weaker banks of a
canal, 168

.Falling stage, 354

Falls, PI. See “Canal falls”

Fan shaped catchment, 375,

376
Farm efficiency, 31
Fern leaf catchment, 375, 376
Fetch of a wave, 974 .

|- Field, 1059

Field capacity, 313, 798
Field capacity moisture
__content, 54 .

Field moisture deficiency, Pl
See 'Soil moisture
deficiency’

Filter design, 1093

Final regime, 119

Firm power, 1178

Firm yield, 911

Fish ladder, 529, 888

Fish problem in dam
construction, 887

Flank weir, 1115

-Foreway, 1181-

Flashy rivers, 494

Flat surface (canal bed form),
96

Flexibility, 701

Flexible module, 701, 707

Flexural stresses in pipes,
1166

Float recording Tain gauge, =~

257
Floating pan, 330
Flood control reservoirs, 902
Flood discharge
Causes of, 438
Computations by different
methods, 447
- Definition, 438
Design flood and its
importance, 445
Estimating design flood,
446
Flood irrigation, 3
Flood routing, 939
Flood stages, 445
Flow channels, 1059
Flow duration curves, 919
Flow duty, 25
Flow mass curve, 925
Flow net, 556, 1058
Flow potential, 556
Flow velocity in a stream, 347
Flowing well, 800
Fluming of the canal, 728
Fluorescent dyes, 364
Fog, 238

Form factor, 375

Formation loss, Pl see ™
“Aquifer loss” »

Foundation gallery in dams, .

© 1029

Franci's turbines, 1184

Free-board in an irrigation
canal, 147 -

" Free-board in earthen dams

1056
Free-board in g,ravity dams,
1007
Free catchment, 1208
Free flooding, 4

- Free pipe-outlets; 708"~~~

Free surface curve, 816
French drains, 219
Frequency factor, 464
Frequency of a storm, Pl. See

“Recurrence interval”

{ Frequency of irrigation, 22, 56 -
! Friction blocks, 667, 1140,

1142
Friction factor, 1162
Frictional loss, 366



‘Glacis blocks, 668:-

INDEX

Front, 251

Frontal cyclonic precipitation,
251

Frontal surface, 251

Froude number, 1141

Full reservoir level, Pl. See
“‘Maximum reservoir level”

Full supply coefficient, 75

- Full tank level, 1207

Fuller's flood formula, 452
Furrow irrigation, 10

Gale's recommendations for
guide banks, 506
Galleries in dams, 1013
Galvanised steel pipes, 1167
Garret's diagrams, 117
Gauge catch deficiency, 260
Gauge discharge curves, 352
Gauge heights, 352
Geological logs, 880
Geological mapping, 877
Geophysical surveys, 877
Geostationary satellites, 245
Geosynchronous orbit, 245
Geosynchronous satellites,
245
Gibb’s rigid module, 714
Giga watt (GW), 1194
Glacier, 297
Glacier flood, 297
Glacis fall, Pl. See “Stralght
glacis fall” = - '

" Glory, 242 :
- Good and Bad capacny

curves, 909 -

Good catchments, 926

Goodrich method of reservoir
routing, 941

Graded: filter, inverted, 204,

- 205, 222

Gradually varied flow, 940

Grand Anicut, 624

Gravel pack design, 850

Gravel pack slotted pipe
tubewells, 847

Gravity and non- gravnty welrs
523

Gravity dams-
Construction, 1028
Definition, etc., 968
Design, 1009
Design considerations,

1007
Diversion problems in
construction of, 1028

Elementary Profile, 1002

Forces acting, 984
Galleries, 1029

High and Low, 1006
Joints, 1031
Modes of failures, 991
Practical profile, 1007
Shear keys & key ways,

1032
Stability analysis, 1000
Typical sectun, 384
Water stops, 1031
Gravity outlets for tile drains,

222

“Gravity springs, 834

Gravity water, 54
Gravity wells, Pl. See
“Unconfined wells”
Greiger counter, 364
Grid iron system, 231
Gross commanded area, 72
Gross head on turbines, 1176
Gross irrigated area, 74
Gross sown area, 74
Ground water
Definition, 781
Drainage and vield, 798
Movement and velocity, 794
Occurrence, 791
Prospecting, 877
Recharging, 834
Yield formulas and
hydrology, 798
Zones of underground
water, 793
Ground water depletion curve,
308

Ground water surveys, 877~ -

Grouting in gravity dam

foundations, 1040
Groynes

Definition, 512

Length, 514

Spacings, 514

Types, 515

Types of alignment, 513
Guide banks

Definition, 503

Factors governing the

design, 504

Sections, 503

Selection of works-site, 504
Gumbel's extreme value

distribution- Pk Sge -

“Gumbel’s probability
method”

Gumbel’s probability method,
464

Hait, 242
Hail stones, 240

1563

Halo, 242

Hand boring devices for
drilling tubewells, 847

Hand pump, 840

Hargreave’s class A pan
evaporation method for
determining consumptive
use, 40, 53

1 Haze, 242

Hazen's formula for ground
water velocity, 796

Hazen-William's formula for
pressure pipes, 1163

Head-works, Pl'see "Diversion
headworks*

Head sluices, 527, 531, 532

Herring Bone system, 232

Hexadecanol, 336

High gravity dams, 10086, 1012

High head hydro schemes,
1173

Hilsa, 529, 887

Himalayan and
Non-Himaiayan rivers, 494,
495

Hinds method for design of
channel transitions, 730

Hirakund dam, 952

Hoar-frost, 242

Hockey shaped groynes, 516

Hollow masonry gravity dams,
886 ‘

Homogeneous embankment,
1045

Hooded type of syphon
spillway, 1133~

Hoover dam, 893

Horizontal apron for energy
dissipation, 1137

Horizontal blanket, 1091

Horizontal earthquake
acceleration (o), 986

Horse power, 1175 ’

Horse power of pump motor,
873

Horton's method for determining
index for large basins, 323

Hot springs, 834

Hume steel conduits, 1168

Humidity, 237, 329

“Hydel power station o o s I

Hydraulic failures of earth
dams, 1055
Hydraulic fill method, 1047
Hydraulic gradient, 554, 568
Hydraulic jump
Definition of, 545
Jump as energy dissipator,
552
Location & profile on
sloping glacis, 550
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Loss of energy m 525,
549
Types of, 545
Hydraulic jump formation in
energy dissipators, 1136
Hydraulic rotary drilling, 863
Hydraulic routing, 1420
Hydraulically efficient
channels, 106
Hydro-power
Components of a
hydro-electric scheme,

1180 o

Definition, 1171
Hydel! plants, 1171
Hydro dynamic pressure, 987
Hydro power Vs. Thermal
power, 1193
Hydroelectric power Pl. See
- “Hydro power”
Hydrograph of streamflow; 306
Hydrological routing, 1420
Hydrologic cyele, 234
Hydrology. 234
Hydropowar potentials of
India, 1178
Hydrostatic excess pressure,
1051
Hygrometer, 237
Hygroscopic water, 54, 313
Hyper proportional
outlet, 703

I.C. curve for large drainage
basins, 323

I.C. curve for small drainage
basins, 321

1.8.1. standard pan, 331

1.S.1. stilling basin, 1152

lce pressure in dams, 975

Idukki arch dam, 1228

Image well, 832

imaging, 244

Impermeable groyne, 491

impervious cut off, 1092

Impuise turbines, 1183

._incipient motion condition, P!

see “Threshold point.*
Inclined pipe outlet, 705
Incoherent alluvium, 119
Incrustation, 867
Index of wetness, 269
Indian rainfall, 270
Indian satellites, 245
induced infiltration method of
recharge of ground water,
835
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Infiitration, 304, 312
Infiltration capacity
Computation methods, 320
Curves, 316
Definition, 312
Factors affecting, 314
Standard curve, 316
Infiltration capacity curve
Computation of, 321
Definition, 316
Equation of, 317
Infiltration capacity for large
drainage basins, 323

Infiltration capacity curve for

small drainage basins, 321
Infiltration galleries, 835
Infittration indices, 380
Infiltration rate, 312
Infiltration wells, 837
Infiltrometers, 320
Inflow-outflow relation for a -

reservoir, 920
Influent streams, 306
inglis falls, Pl. see “Baffle falls”
inglis formula, 449
Inglis formula for connecting

rainfall & yield, 918
Initial basin loss, 304
Initial basin recharge, 378
Initial depth, 545
Initial rain, 304
Initial regime, 119

Inlet time, 390

Inlets and outlets, 723

INSAT’s, 245, 247

insolution, 238

Inspection galleries in-gravity™
dams, 1030 ’

Installed capacity of a power
house, 1176

Intake towers, 1159

Intake weir, 524

Intensity duration frequency
(IDF) curves

Computation of IDF curve, -

290
Definition, 286
Equation of, 294
Intensity of irrigation, 73
Intensity of irrigation for
canals under Bhakra Canal
- circle, 73 e

1 Intensity of rain, 276

Intensive irrigation, 89

Intercepting drains, 214

Intercepting tile drain system,
232

Interception, 303

Interference among wells, 814

Intermittent streams, 311

Internal pressure of water in
pressure conduits, 1148

| internal silting in canals, 168

Internal water, 793

Intrinsic permeability, 803,
1331

Introdos curves, 1228

Inundation irrigation, 3

Inverted cone of depression,
805 [

inverted-filter in lined canals,

. 204, 205

Inverted filter in weirs &
barrages, 582

lonosphere, 236

- Irrigation

Advantages of, 2
Definition, 1
Disadvantages & ill effects
of, 3
Necessity of, 1
Revenue rates, 1246
Techniques of water
distribution in farms, 4
Types, 3
lmgatmn efficiancies, \ﬂ
Irrigation frequency, Pl see
‘Frequency of imgation"
Irrigation requirements of
cotton crop, 47
wheat crop, 48
Irrigation revenue rates
Economic rates, 1245
Prevailing rates, 1251-55
Recommendations of the
Committee on pricing of
irrigation water, 1256
Isobar, 1519

Isochrone, 378 - -

Isohyetal method, 274
Isohyets, 274, 1519

Isolated drainage pockets, 205
Isopleth, 1519

isopluvial maps, 295

|sotropic soils, 1058
Isovel, 1519

Jack weil, 837
Jacob’s non equilibrium
formula for wells, 823

“Jarvis formula, 449"

Jet pumps, 872

Jet streams, 245

Jetted tubewells, 861

Jetting for well development
867

Joint cover plates, 770

Joint fillers, 767

Joint sealing compounds, 770

Jointing materials, 767
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Joints in cement concrete
lining, 195

Joints in R.C.C. ducts of
aqueducts,
Definition, etc. 765

. Spacing, 766
Types, 765
Typical details of an
expansion joint, 771

Jump height curve (JHC),

1136

Kaplan turbine, 1184.
Kennedy's gauge outlet, 709
Kennedy'’s theory for design
of stable channels in India,
111 '

Key ways Pl. see “Shear keys”

Kharif-Rabi ratio, 29

Kharif crops, 27, 28, 1536

Khosla’s formula connecting
rainfall and yield, 918

Khosla’s method of
independent variables, 560

Khosla's safe exit gradient,
559

Khosia’s theory for design of
weirs & barrages, 556

Kirpich formula to evaluate
inlet time, 391

-~ ~Konar-dam;-950--— """~

Kor period for
rice, 30, 76
wheat, 30, 76

Kor water depth (optimum) for
rice, 29, 76 '
sugarcane, 29
wheat, 29, 76

Kor watering, 29

Kutter's formula, 112

L.-section of a canal, 152

Lacey's diagrams, 122

Lacey’s formula connecting
monsoon rainfall with yield,
918

Lacey’s normal regzme scour
depth, 121

Lacey’s normal scour depth,
121

Lacey's regime channeis, 118

Lacey’s regime width, 121

Lacey’s theory for design of
canals in India, 118

———{=gection-of a-distributary, 163~

Ladder dredgers, 1203

Land drainage, 217

Land evaporation losses, 339

Land grading, 218

Land wings, Pl. see “Canal
“wings”

Lane’s weighted creep theory, |

555
Lap joint, 197
Lap joint with separate fillet,
197
Laplacian equation for
seepage, 1058
Lapse rate, 236
Large watersheds, 320
Laser probes, 244
Launching apron, 509
Launching apron in weirs and
“barrages, 583
Layouts of the tile drainage
system, 231:
L.eaching, 215
Leaching requirements (LR)
of a soil, 216
Left Bank canal, 70
Length of creep, 553
Length of strainer, 869
Levees
Definition, 501
Design of levee section,
501
Effects of levees on river
bed, 502
Level crossing, 722

‘Life of a tubewell, 867 |

Lift irrigation, 3
Light's equation for snow
melt, 300
Line of seepage, Pl. see
“Phreatic line” .
Linear waterway of small
bridges, 775
Lining of irrigation canals,
. Advantages, 179
Definition etc., 179
Design of lined canals, 187
Drainage behind lining, 203
Factors responsible for
selection of a particular
type of lining, 202

economics of, 182

in expansive soils, 208

Requirements of good
lining, 201

Types of linings, 192

Lithometeors, 242

Live storage, 956

Load factor, 1176

Lock and dam arrangement
for nevigaviiity of rivers,
1205

Logs, 880

Financial justification.and__ ..
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Long range forecasts, 241

Longitudinal joints in gravity
dams, 1031

Losses of water in canals, 86

Louver type of strainers, 858

Low gravity dams, 1006, 1009

Low head hydro schemes,

1173
Low ogee weir, 1116
Lysimeter, 338

Main canais, 69, 71
Maintenance of irrigation
canais, 167
Maithon dam, 954
Major irrigation schemes, 791
Major principal stress, 1051
Malpasset dam, 884
Manning’s rugosity coefficient,
112, 113, 1163
Values for lined canals, 181
Values for unlined canais,
113
Marnning's formula, 112, 1163
Marginal embankments, PI.
see “Levees”
Masonry weirs with vertical
drop, 524
Mass curve of rainfall, 254,
255, 276
Mass curves of 'mflow and
outflow, 922_
Massive head type of buttress
dams, 1239, 1240
Massiveness factor, 1236
Master curve, 1236
Maximised DAD curves, 280
Maximum conservation level,
909
Maximum poo!l level, 910
Maximum probable flood, 446
Mean rainfall over a draindage
basin
Definition, 271
Methods for computing, 272
Meander parameters, 497

| Meandering rivers
’ Causes of meandering;” 496~

Definition, 496

Meanders, 496

Mechanics of sediment
transpont, 97

Median size of silt particle
(dsa), 1392

Medium head hydro scheme,
1173

Medium irrigation schnmes
791

-1 Medium range forecasts 241
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Meer alam multiple arch
buttress dam, 1241
Meteorological radars, 241
. Meteorologically homogenous
areas, 286
Meteors, 242
Meter and non-meter canal
falls, 644
Metering flumes
Definition, 698
Types, 698
Methed of images, 830
Method of least squares, 969
Mettur dam, 624
Meyer’s formula for
evaporation loss, 331
Meyer-Peter's formula for bed
load transport rate, 134
Middie third rule, 978
‘Minimum modular head, 703
Minimum pool level, 810
Minimum water level, 1176
Minor irrigation schemes, 791
Minor principal stress, 1051
Minors, 69, 71
Mirage, 242
Missing rainfall data,
estimation of, 261
Mist, 242
Mitra’s hyperbalic transitions,
729
Mixed cropping, 2
Mobile boundary canals, 1326
Modern equations for optimal
- - design of canals, 171
Modified Myer's flood
formula, 449 ‘
Modified Nipher shield, 298
Modified Pul's method .of
reservoir routing, 937
Modular limit, 703
Modular outlets, Pl. See
“Rigid modules”
Modular range, 703
Modules, Pi. See “Canal
outlets”
Modulus of elasticity of pipe
materials, 1165
Maisture gradient, 329
786
Monoblock pumps, 870
Monsoon crops, 1536
Monsoon duration factor, 918
Monsoon rainfall, 270
Montague profile, 643
Montague typs fall, 643
Moving average of annual
precipitation curve, 277
Morning glory, 1131

IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES

Movement joints

Multiple arch type of buttress
dams, 1228, 1241

Muitiple dome type of buttress
dams, 1243

Multipurpose reservoirs, 904

Multipurpose satellites, 244

Musgrave equation for
estimating sheet erosion,
963 )

Mutual interference of piles
{cut offs), 561

Nagarjuna Sagar dam, 899
Nangal dam, 899
Natural sub irrigation, 4
Natural system for laying tile
drains, 231
Navigable waterways
Definition, 1200
India’s navigable
waterways, 1205
Measures adopted to
achieve navigability,
1202
Requirements of, 1201
Navigation through rivers,
1200
Nawab Jung Bahadur
formula, 449
Necessity of irrigation, 1

"-,-Negaﬁv,e pressures 1 P

spiliways, 1103, 1135
Net head on turbines, 1176
Net irrigated area, 74
Net irrigation requirement, 35
Net sown area, 74 = -

Net supply interval, 304
Nominal duty, 75 :
Non-artesian wells, Pl. See

“Unconfined wells”
Non-equilibrium formula for

aquifers, 823
Non-modular modules, 700,

703
Non-recording rain gauges,

252

|.-Non-scouring channels in”

coarse alluviums, 101

Non alluvial canals, 65

Non aliuvial soils, 65

Non antesian aquifers, Pl. See
“Unconfined aquifers”

Non isotropic soils, 1059
Normal annual rainfall Pl. see
“Average annual rainfall”

Nermal groyne, 513
Normai pool level, 909
Normal water level, 1176

Notch fall, Pl. See
“Trapezoidal notch fall”

Notches for discharge
measurement, 340

Observed discharge curve,
354

Occluded front, 251

Off-taking channel, 684 -

Ogee fall, 640 :

Ogee profile ordinates, 1105

Ogee spillway, 1102, 1107

Okhla barrage (New) 621

Oktas, 240

One hour rainfall, 390

Open channel methods for
navigability, 1202

Open drainage, 218

Open flume outlet, 709

Open jointed pipe drains, 206,

- 207 '

Open sluice, 703

Open wells Pl. see “Dug wells”

Operating guides for Maithan
dam, 955

Operating head on turbines,
1176

Optimal design of canals,
modern equations, 171

Optimal reservoir operations,
937

_Optimum benefits_of irrigation, -2 -

Optimum moisture level, 56

Optimum number of rain
gauges, 268

Optimum screen entrance
velocity, 855

Optimum utilisation of
irrigation water, 30

Order of streams, 376

Ordinary fioods, 446

Qrifice formula for afflux, 782

Orographic clouds, 238

Orographic precipitation, 252

Ottakkal weir, 633

Qutlet discharge factor, 25, 76

Outlet drains, 218

-Outlet index,-702-—==~ —i—nmmm

Outlets through dams, 1155
Hydraulics of, 11567
Through concrete-gravity

dams, 1155
Through earthen dams,
1156

Overfall spiliway, 1101

Overflow and non overflow
dams, 890

Overflow spiliway, Pl. see
“ogee spillway”
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Overland flow time, 390
Overlap aliowance, 28
Ovendpp,na crop, 29

Overpumping technique of
tu 2t development, 866
ertuming of dams, 992

Pack-Aquifer (PA) ratio, 852

Paleo irrigation, 29 .

Pan evaporation, 40, 43

Pan evaporation
measurement, 330

Panchat dam under DVC, 954

Parent channel, 684

Parking slots, 245

Parshall flume, 346

Partial duration series, Pl. see
“Partial series”

Partial penetration of an
aquifer by a well, 812

Partial series, 476

Particle Reynold number, 99

Pay load system, 246

Pellicular water, 313, 798

Pelton’s turbine, 1183

Penman’s equation for
computing PET or Cu for
an area, 49, 53

Penstocks, 1181

Perched aquifers, 801

Perched water-table, 801

Percolation, 87

Percolation-losses-in-a-~——=—
reservoir, 978

Percussion drilling rigs, 847,
861

Perennial irrigation, 3

Perennial streams, 310

Period of rise, 378

Period of surface runoff, 378

Permanent control, 353

. Permanent regime, 1326

.Permanent wilting point, 55

Permeability, 792

Permeability coefficient, Pl
see “coefficient of
permeability”

Permeable groyne, 515

velocities in unlined canals,
163
Pettis flood formula, 450
Photometeors, 242
Photosynthesis, 337
Photovoltaic effect, 247
Phreatic line, 1060, 1070
Phreatophytes, 877
Phytometer method for
transpiration measurement,
338

Pick up weir, 70, 633

Pilot cuts in rivers, 517

Pipe bends, forces acting,
1166

Pipe strainers, 859

Piping, 553

Piping in canals, 169

Piping through earthen dams
1049

Pitched islands, 518

1 Pitching of banks, 518
| Pitot tube, 348

Plant factor, 1177 -

Plant use factor, 1178

Plastic pipes, 1170

Point of centra flexure, 310

Polar regions, 238

Pondage, 1172

Pond level, 526

Pond level at a weir or a
barrage site, 587

Pore pressure determination
from flownet, 1075

Pore water pressure, 1050

Porosity, 791

Porosity of soil, 58, 1048

| Post jump profile, 597

Post monsoon rain, 270

Positive and Negative
boundaries, 830

Potential basin recharge, 381

Potential evapotranspiration
(PET), 338

Potential infiltration, 304, 380

Power factor, 1178
Power house, 1185

"Prakasam barrage, 62677

Pre-monsoon rain, 270
Pre jump profile, 597
Precast concrete tile linings,
Pl sea "Cement concrete
tile lining"
Precipitation
Definition, 235
Types, 251
Pressure conduits
Definition, 1162
Forces acting, 1164
Hydraulics of flow, 1162
Types, 1167
Pressure release valves, 204,
207
Pressure relief pockets, 204
Pressure relief valves, Pl. see
“Pressure release valves”
Pressure surface, 800
Price’s current meter, 348
Pricing of irrigation water,
1246 _ i
Priming devices, 1134
Principal stresses in concrete
gravity dams, 995
Prismoidal formula, 906

1567

Probability methods for flood
discharges of different
frequencies, 453

Probability of an event
occurring r times in n
successive yrs, 454

Probability of exceedance, 454

Probability of occurrence, 454

Probability plottings, 454

Probable maximum fiood, 446

Probable maximum
precipitation (PMP), 278

Probable maximum
precipitation curves, 295

Probable maximum storm
(PMS), 285

Proportionality, 701

. Protection of downstream

slopes of earthen dams,
1094

Protection of upstream slopes
of earthen dams, 1084

Psychromatic constant, 50

Psychrometer, 237

Pump outiets for tile drains,
223

Pumped storage hydro plant,
1172

Pumping of water from
tubewells, 869

Pumping test to compute
groundwater yield, 803, 843

Punjab open flume outlet, 710

Quality of irrigation water, 16
Quantity duty, 25 :
Quasi alluvial streams, 777

1 Rabi crops, 27, 29

Radars, 242
Radial weli, 837
Radio active tracer, 364

.| Radio detection and ranging,

241
Radioactive isotopes, 364
Radioactive snow gauges, 300
Radiometric logs, 880
Rain drops, 240
Rain gauge density, 267
Rain gauge network, 266
Rain gauges

Cefinition, 252

Types, 252
Rain hyetograph, 276
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" Rain simulators, 320

Rainfall-erosion index, 963

Rainfall-runoff process, 303,
370

Rainfail interception, 303

Rainy day, 254

Random field-drain system for
surface drainage, 219

Range of modularity of an
outlet, 706

Ranking number, 281

Ranking of a storm, Pl. see
“Ranking number”

Ranney well, 838

Rapids, 640

Rated head on turbines, 1176

" Rational formula for peak

flood computation, 451
Reaction turbines, 1184
Readily available moisture, 55
Recharge well method for

groundwater recharge, 834
Recharging of under-ground

_water

Definition, 833

Methods of recharging, 834
Recording rain gauges, 254
Rectangular nofches, 341
Recuperating Test, 804, 844
Recurrence intervai of a

storm, 281, 285
Reflection coefficient, Pl see

“Albedo”

“Regimeé channels, 111 =

Regulation of tank sluices,
1216 :

" Regulator type of canal

escape, 698

" Reinforced cement concrete

(RCC) pipes, 1168
Relative humidity, 237 .
Relative roughness, 1162
Relief wells, 1092
Remote sensing, 244
Remote sensing techniques in

yeservoir sedimentation

studies, 975
Repelling groyne, 513

hydroplants, 1177

‘Reservoir clearance, 979

Reservoir induced seismicity,
979

Reservoir leakage, 978

Reservoir losses, 976

Reservoir regulation
committees, 852

Reservoir regulation manuals,
8952

Reservoir regulation methods,
952

IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES

Reservoir routing
Definition, 939
Hydrologic methods of, 940
Rute curves for reservoirs,
952
Reservoir sedimentation, 956
Control, 958 :
Estimation of sediment
load, 962
“Studies, 974
Reservoir yield, 910
~Reservoirs -
Capacity-elevation and

Area-elevation curves of

a reservoir site, 904
Clearance, 979
Definition, 902
Losses, 976
Optimal reservoir
operation, 937
Reservoir capacity desngn
910
Reservoir regulation, §52
Sedimentation, 956
Sediment studies on
existing reservoirs, 974
Selection of a suitable site,
979
Storage zones, 909
Types, $02
Yield, 910
Residual head, 558
Residual infiltration, 304
Residual rain, 304

| Resistivity logs, 880

“Resistivity of rocks, 878

Resistivity surveys, 878

Resistivity variation with
depth, 879

Retardance coefficient, 391,

1" Retarding basins, 903

Retreating monsoon, Pl. see
“Post monsoon”

Retrogression, 584

Revenue recovery from
irrigation, 1246

Reverse chrongclogical order,
262

Reverse rotary drilling, 864

Rewhiding, 866

_Reserve_capacity-in_~_ .| Reynold number (Re), 1162 .

Ridge canal, Pl. see
watershed canal

Right bank canal, 70

Rigid and non rigid dams, 890

Rigid boundary canals, 98,
1326

Rigid c.c lining, 192

Rigid modules, 706, 714

Rime, 242

_Ripple diagram, 925

Rising stage, 354
River intakes, 1158

River routing, 935
River training,
Definition, 500
Methods of, 500 -
Types, 500
River wings, Pl. see
“Drainage wings?——— .
Rivers
Behaviour, 495
Characteristics &
classifications, 491
Control and Training, 500 _
Importance, 491
Types, 491
Rock fill dams, 886, 1094
Rock toe, 1091
Rockfill weirs with sloping
apron, 524
Rohwer's formula for
evaporation loss, 332
Rolled fill method, 1047
Roller bucket, 1138~
Roller gate, 1150
Roosevelt dam, 885
Rotary drilling rigs, 844, 863 |
Rotation period, 22
Roughening devices, 667 .
Rouse equation, 128
Rule curves for operating
Hirakud dam reservoir, 953
Run off -
Computations of, 378-444
Constituents, 305
Factors affecting, 373
Peak rate of, 388 w-==ummr -
Run off coefficient, 379, 382
Run off cycle, 371
Run off equation, 379
Run off river hydro plants
1172 T
Ryve’s flood formula, 448

Saddie syphon spillways, 1135
Saddle weir, 1115
Safe exit gradient, 559, 563
Safe hydrauhc grad:ent 556
-Safe yiald, 11 -
Safety ladders, 209
Saline soils, 212
Salinity,
Control, 213
Definition, 212 .
Reclaimation of saline
soils, 214
Salmon fish, 528, 887
Saltation, 131
Sampile calculations for
determining irrigation
requirement of
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cotton crop, 46
wheat crop, 47
Samplers, 131
Sand boiling, 1092
Sand waves.in association
with surface waves on
canal beds, 96
Sarda type fall, 641, 653
Satellites, 241
Saturation pressure, 235
Saturation vapour pressure of
water, 51, 327
Saw tooth ripples, 96

Schedule of area statistics. - .- -

and channel dimensions,
1586, 162
Scour depth for alluvial
canals, 121
Scouring escape, 698
Scouring sluices, Pl. see
“Under-sluices”
Screen type tubewells -
Definition, 848
Types (screen type &
slotted pipe type), 848
Seasonal intensity of
- irrigation, 73
Secondary distribution
system, 90
Secondary power, 1178
Secondary vyield, 911
Sediment concentration curve,
129
Sediment load, 95
Sediment delivery ratio, 965
Sediment load estimation in
reservoirs, 962
Sediment-measurementby " -
sediment sampler, 966
Sediment sampler, 966, 967
Sediment rating curve, 968
mathematical equation for,
969 g
Sediment transport in canals,
95
Sediment yield, 966 :
empirical equations for, 971
Seepage control in canals
through canal lining, 179
Seepage control in earthen
dams
Through embankment,
1090

————Through-foundation;-1092-—

Seepage discharge through
isotropic soils, 1058

Seepage discharge through
non-isotropic soils, 1059

Seepage failures of earth
dams, 1053 '

Seepage losses in canals, 87,
180 .

Seismic waves, 578

Semi arid regions, 22

Semi modules, Pl. See
“Flexible modules”

Sensitivity, 702

Sequent depth, 545

Sequent peaks, 930

Sequent troughs, 930

Sequent peak alogirthm, 930,
932

Service roads in a canal
cross-section, 148

Setting of a module, 702

Shaft spillway, 1130

Shah Nehar barrage, 625

Shallow open -(dug) wells;:840

Shallow surface drains, 218

Shallow tubewells, 847

Shape factor, 1330

Sharp crested weir-discharge

~ formula, 587 ‘

Shear friction factor, 995

Shear friction velocity, 99, 129

Shear keys, 1032

Shear stresses in concrete
gravity dams, 995

Shearing strength of soils,

" 1047

Sheet erosion, 972
estimation, 973

Shell-arch dam, 1227

Shell structures, 1227

Shield’s entrainment function,

100

Shield’s formula for bed load
transport rate, 134

Shielded gauge catch, 261

Shielded snow-gauge,-298 - -

Shield’s curve for incipient
motion condition, 101

Shield’s entrainment method
for design of non-scouring
stable channels having
protected side slopes in
alluviums, 99

Shifting control, 353, 355

Shock waves, Pl. see
“Seismic waves”

Short range forecasts, 241

-Shotcrete lining, 198

Shower, 242

Side channel spillway, 1129

Side slope canal, 68

Side:slopes.of an irrigation-. ..
canal, 146

Sill level, 532

Sills, 495, 1142

Silt contro! at a canal
headworks, 536

Silt ejectors, 536, 540, 542

Silt excluders, 536, 537, 542

Silt extractors, Pl. see “Silt |
ejectors”

Silt factor, 120

‘Soil zone, 312 .
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Silt pressure in dams, 989
Silting control in reservoirs, 958

| Silting of canals, 167

Silting of power reservoirs, 958

Single walled buttress dams,
1243

Size of slot openings of a well
screen, 851

Ski jump bucket, 1040

Slenderness ratio, 1240

Stices method, Pl. see
“Swedish slip circle method”

Slichter's formula for ground
water veiocity, 796

Sliding failure in earthen
dams, 1054

Slope area method for
computing discharge of a
river, 366

Slope pitching on guide
banks, 509

Sloping apron for energy
dissipation, 1139

Sloping glacis, 525

Slotted pipe screens, 835

Slotted pipe tubewells, 847

Sluice type of canal escape
Pl see “Regulator type of
canal escape”

Sluiceways, 1155

Small watersheds, 320

Snow courses, 300

Snow gauging, 297

Snow melt computations, 300

Snow stake, 298

Snow surveys, 299

Snow tube, 293, 300

Snowfakes, 241

Snowfall, 241, 296

Snowfall measurement, 296,
297 )

Sodium Abscrption ratio, 18

Soil cover and management
factor, 964

Soil erodibility factor, 964

Soil-moisture irrigation
relationship, 54

Soil cement lining, 201

Soil moisture, 312 .

Soil moisture deficiency, 55,
313, 374 .

" Solar radiation, 51

Solid masonry gravity dams,-
886

' Sonic logs, 880

Sounding weight, 1535

South west monsoon, 270

Space probe, 244

Specific capacity of a well,
802, 818, 845

Specific energy curve, 545
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Specific retention, 798

‘Specific retention of different

kinds of formations, 798
Specific speed of turbines,
1184
Specific yield, 798, 799, 845
Spherical flow in a well, 813
Spillway buckets
Forces acting, 1144
Spillway crest gates, 1147
Drum gates, 1152
Permanent flash boards,
1140
Radial gates or Tainter
gates, 1151
Stop logs and needies,
1148
Vertical lift or Rectangular
gates, 1149 -
Spillway size and location, 892
Spillways
Definition location, etc ,
1099
Types, 1101
Splintering process, 241
Spoil banks, 149
Supply ditch, 5
Spreading method of ground
water recharge, 834
Springs
Definition, 838.
Formation, 838
Types, 838
Sprinkler irrigation, 12
Spurs, Fl. see “Groynes”

——Square edgsed-entrance, 1156
- St Elmos’ fire, 242

Stability of downstream slope
- During steady seepage,
848, 1075
During sudden drawdown,
1077
Stability of earthen siopes
1071
Stability of foundation
againast shezar, 1080
Stabie rivers, 493
Stage discharge curve
Definition, 353
Effect of changing stage
on, 354
“Effect of shifting control on, |
355
Extension thereof, 359
Stainless steel screens, 857
Standard current meter
observations, 350
Standard deviation, 268
Standard IDF curves, 291
Standard infiltration capacity
curve, 316
Standard non-recording rain
gauge of IMD, 253
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Standard project flood, 446
Standing wave fiume, 343, 699
Station keeping, 245
Station rating curve, Pl. See
“Gauge discharge curve”
tation year method, 285
Steel conduits, 1167
Steel dams, 886
Steel head trout (fish), 529
Stefan-Boltzman constant, 50
Stevenson box, 1536
Stilling basins, 1141
Stone fining, Pl see "Boulder
lining."
Stone pifching, Pl see "stone
fining."
Stoney gate, 1150
Storage capacity of a
reserveir, 922
Storage coefficient, Pi. see
“Coefficient of storage”
Storage dams, 890
Storage duty, 25
-Storage elevation curve, 906
Storage hydro plants, 1172
Storage irrigation, 3
Storage irrigation scheme,
Simple, 70
_With pick up weir, 70
Storage zones of a reservoir,
909
Stout's method to correct the
discharge measurements,
356,358 .. ... N
Stralgnt drop spluway Pl see
“Qverfall spiliway”
Siraight glacis fali, 642, 664
Straight reaches of rivers, 495
Strainer tubewell, 848, 868
Strainer type of well screens,
858 .
Strange’s monsoon rainfall
run off curves, 927
Strange’s runoff percentages,
a16
Stratiform clouds, 238
Stratosphere, 236
Stream density, 357
Stream gauging, 340
- Streamflow, 305 oo o
Streamlines, 556, 557, 1058
Stresses caused by external
loads in pipes, 1165
Strickier’s formula, 102
Sub-surface drainage, Pl. see
“Tile drainage”
Sub-surface irrigation, 3
Sub surface runoff, 305
Sub surface stormfiow, 305
Submerged dikes, 519
Submerged intakes, 1158

Submerged pipe outlet, 705
Submerged weir, 1109
Submersible pumps, 872
Subsidiary dam, 1139
Subsidiary spiliway, 1100
Suction dredgers, 1203

Summation curve (S-curve)

hydrograph, 433
Summer monsoon, 270, 271
Sunshine hours-mean

monthly values, 52
Super passage, 722
Suppressed weir, 342
Surcharge storage, 910
Surface and sub-surface

floats, 347
Surface detention, 371
Surface drainage, 218
Surface inlet, 218
Surface irrigation, 3
Surface of seepage, 816
Surface run off (SRO) or

Direct runoff (DRO), 304,

371
Surface springs, 838
Surge chamber, 1182 -
Surging technique for tube

well development, 866
Surplus ‘escape weir, 1207
Surplus water escape, Pl. see

“Canal escape”
Suspended load, 95

Suspendedload concentration '

* equation, 128
Suspended-load: ==
measurement, 124
Suspended load transport
 rate, 129
Swedish slip circle method,
1071

"Swelling pressure, 208

Symon's rain gauge, 252
Syphon, 722

Syphon aqueduct, 721, 741
Syphon spillways, 1132
Syphon well drops, 641, 648 -

T-shaped groyne, 5§18
Tail escape, 698
Tait race, 1187
Tail water curve (TWC), 1136
Tajewala headworks, 632
Talliya dam under DVC, 954
Tank irrigation
Definition, 1207
Isolated tanks, 1208
Section of a tank bund,
1209
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Tank bunds, 1207, 1210
Tank sluices, 1216
Tank weirs, 1211
Tanks in series, 1208
Temperature lapse rate, 236
Temperature stresses in
pipes, 1165
Tension cracks, 993
Tertiary distribution system, 90
Theory of elastic arches for
design of arch dams, 1231,
1235
Thermal logs, 880~ - -
Thermal power, 1171
Thiem's formula for yield of
Unconfined aquifers, 805
Confined aquifers, 808

.Thies’ formula, 823

Thiessen’s mean method, 272

Thin cylinder theory for design
of arch dams, 1231, 1233

Threshold motion of sediment,
96

Threshold point, 98

Thunderstorms, 242

- Tidal rivers, 494

Tidal hydro plants, 1173
Tile drainage, 218, 220, 221
Tile drains
Advantages, 221
Definition, 220
Depth and spacing, 224
Drainage coefficient, 227
Draw-down curve in, 224

“ELayolt of, 280

Materials of, 230
Qutlets for, 222
Size of, 228

Tile fining, 198

Tilted gauges, 261

Tilted outlet type of syphon
spillway, 1132

Timber dams, 886

Time factor, 74

Time intensity pattern of a
rainfall, 276

Time of Concentration
Definition, 378, 388
Estimation of, 390

Time.of flow, Pl. See.“Travel
time”

Tipping bucket type of rain
gauge, 255, 256

Toe filter, 1091

Tongue and groove joint, 197

Topographic factor in soil
sheet erosion, 965

Tracer, 364

Tractive force, distribution of
in a trapezoidal channel, 98

Tractor gate installation, 1161

Transmissibility, 792, 793
Transpiration measurement,
338

| Transpiration ratio, 337

Transpirational losses, 336
Transverse joints, 1015
Trap efficiency, 954

Trapezoidal notch fall, 640,

645
Trapezoidal notches, 342
Trash racks, 1161, 1181
Travel time, 378
Tree spurs, 515
Trial and error mett:d of
reservoir routing, 941
Trial load method for design

of arch dams, 1229, 1233 -

Triangular V-notches, 340

Trickle irrigation, Pl. see ‘Drip
irrigation’

Trillion watt hours (TWH),
1194

Tropics, 238

Troposphere, 236

Trough spiliway, Pl. see
“Chute spillway”

True discharge curve, 354

True rain catch, 259

True regime, 118

True surface runoff, 305

Tubewell irrigation Vs. canal
irrigation, 880

Tubewells
Construction & boring, 859
Deep tubewells, 847
Definition, 847

Designs 851-856. - -~ ...

Development, 866°

In alluvial soils, 847

In hard rocky soils, 847

Life and failure, 867

Shallow tubewells, 847

Types, 847
Turbine pumps, 872

Unconfined aquifers, 800
Unconfined wells, 800
Uncontrolied spillway, 1100

Under sluices, under-sluice- .-

portion of weir, 526, 599
Underdrainage of lined
canals, 203 '
Undermining, 553, 559
Undular jump, 545
Uniformity coefficient in
irrigation, Pl. see “Water
distribution efficiency”
Uniformity coefficient of
aquifers, 851

1571

Unit hydrograph, 401
Unit hydrograph theory
Assumptions of, 401
Definition of U.H., 399, 401
Uses of, 401 ’
Determining flood
hydrograph by UL.H.
method, 477
Preparing run off
hydrograph for design
storm, 402
Preparing U.H. from an
isolated storm, 401
Unit storms, 402
Unmanned data collection
. platforms, 247
Unshielded gauge catch, 261
Unsteady flow, 940
Unsteady radial flows in wells,
823
Unwin’s formula for head loss
through syphon barrels, 727
Uplift failure of hydraulic
_structures, 553
Uplift pressure in dams, 969
Uplift pressure in the jump
trough, 580
Upstream vertical cut off, 559
USBR stilling basins, 1143
Useful rainfall, Pl see
“Effective rainfail*
Useful storage, 910
Utilisation factor, PI. see
“Plant use factor”

Valley storage, 391, 810

Variable centre arch dams,
1231

Variable radius arch dams,
1230 '

Vega de Tera dam, 889

1 Vegetation screens, 958

Velocities permissible in lined
canals, 188, 189, 202

Velocity area method, 347

Velocity area station, 347, 353

Velocity dlstnbutlon curve for
channels, 129~ A

Velocity potential, 1058

Velocity rods, 348

Venturi flume, 699

Venturi flume outlet, Pl. see
“Kennedy's gauge outlet’

Venturiflume, 346

Venturimeter, 346

Vertex of a parabola, 1061

Vertical drop fall, 641, 646

Vertical drop weir, 575, 576 -
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_Water-courses, 72, 88, 90
*Water-logging

1572

Vertical earthquake
acceleration (o), 986

Radiometer (VHRR), 246
Virgin rivers, 494.
Vitrified clay pipes, 1169
Void ratio, 1048
Volute syphon spillway, 1135
Von-Karman universal
constant, 129, 300, 987

Warabandi, 90
Warm front, 251
Waste weir, 1114
Water allowance, 90

Causes, 213
*"Control, 213
Definition, 212
Water-shed canal, 66
Water-table, 794
Water bars, Pl. see “water
stops”
Water bars in expansion &
coniraction joints of an
. aqueduct, 768
Water budget method for
- ‘estimating evaporation
losses, 333 .
Water content of soil, 1048
Water distribution™efficiency,
32 .
Water energy, 1175
Water evapo retardants, 977
Water hammer pressure, 1164
Water jet methods of drilling’
. wells, 844
Water pressure in dams, 985
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Water requ;rements of crops
22

Water seals, Pl. see “water
stops”

Water stops, 1033

Water storage capacity of sonl
54

Water wings, Pl. see
“Drainage wings”

Watersheds,
Definition, 320
Types, 320

Waterway for a weir or a
barrage, 587 “‘

Wave pressure, 990

Weather radars, 241

Weather satellites, 244

Weed removal from canals,
168

Weighing type of rain gauge,
256 -

Weighted average level
(WAL), 1176

Weir type of canal escape,
697

- Weirs

Definition, 342
Design, 553-584
Effects on river regime, 584
‘Factors governing design,
585
Weirs and Barrages, 521
Well development, 865
Well function, 826
Well logs, 865, 880
Well loss, 817, 818
Well screens.
Definition, 848
Design, 851
Installation, 865
Types, 856

Well type fall, Pl. see “Syphon -

well drop”
WES standard spillway
shapes, 1104

Wet intake towers, 1159

Wicket gates, 1181

wild flooding, 4

Wilting point moisture content,
55

wind breakers, 260

Wwind velocity estimation at
any height,-332 ... ... -

Windex, 380

Winner’s resistivity method. for
ground water exploration,
879

Winter precipitation, 271

Working range of a module,
706

Wrought iron pipes, 1169
[

&

Yield drawdown curve, 819
Yield of a drainage basin, 305

" Yield of ground water

Definition, 798

Pumping tests to compute
yield, 802

Theoretical computations,
804

Zangers formula for

hydrodynamic force, 988~ -

Zone of aeration, 794

Zone of rock flowage, 793

Zone of rock fracture, 793

Zone of saturation, 794

Zoned embankment, 1046

Zones of underground water,
783



[rrigation is the science of providing water to the lands in accordance with the
tequirements of the crops gfown therein. It has been found to increase the
productivity of rain-fed lands by as much as five times in a tropical country
like India.

The annual fresh water supply (runoff) in India is 1869 b.cum. However, the
present utilisation (1997) is only 605 b.cum for all its uses. Out of this, about
500 b.cum, i.e. about 83%, is being used for irrigation alone. Even with such
a huge percentage of utilisation of water for irrigation, we are just able to
irrigate only about 40% of our gross cropped area.

Additional waters are, thus, required to be developed for bringing additional
cropped area under irrigation, to increase our food and fibre production.
The techniques which are emploved for development and management of
water resources become vitally important in this context, and hdve been
lucidly explained in this popular book.

The prestigious UPSC competitioris continue to carry questions from this
book year after year. '

The present edition has further been revised and updated with rewriting of
certain articles and with addition of certain new topics and numerical
examples. The question bank containing questions of Engineering Services
and Civil Services Exams. has also been updated.
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The author, Mr. Santosh Kumar Garg, is a veteran in the field of civil
engineering and has authored eight widely acclaimed books. His books on
Environmental Engineering Vol. I & II as well as on Irrigation
Ehgineering and Hydraulic Structures are being followed in almost all
the engineering colleges in India for the last more than 18-20 years. His three
new publications titled Geotech Engineering, International and .
Interstate River Water Disputes; and" Pnysxcai ‘and -“Engineering-
Geology have also gained a lot of popularity within a short span of their
publications.





