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furrow irrigation, 359
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Anthropogenic global warming, 562
Apparent specific gravity, solids, 102
Application efficiency, 288-9, 294, 328, 354
basin, 327
furrow, 363
low quarter, 295
Application rate, 376
average
lateral, 376
sprinkler, 376
big gun, 397
center pivot systems, 395
gross, 380
linear move sprinkler system, 397
maximum, sprinklers, 380
minimum, sprinklers, 380
net, 380
sprinklers, 383
surface irrigation, different soils, 303
Appropriations doctrine, 47
Aquifer, 57
anisotropy, 59
confined, 57
discharge, 63
heterogeneity, 59
hydraulic conductivity. See Hydraulic
conductivity
leaky, 57
perched, 57
permeability, 59
specific retention. See Specific retention
specific storage, 61

570

specific yield. See Specific yield

storage coefficient. See Storativity or storage

coefficient
Texas, 46
transmissivity, 59
unconfined, 57
discharge, 63
Aquifer parameters, determination, 68
Jacob method, 69
type curve method, 69
Aridity index, 24

Arizona Department of Environmental Quality

(ADEQ), 47

Atmospheric pressure, 28-9, 256

calculation, 29

unit conversions, 29
Available water, 231

readily, 231, 234, 288, 420

total, 517
Available water capacity, 233

different soils, 233
Average elevation, land

cross-slope row, 459

row, 459

Backflow-prevention valves, 372
Basin irrigation, 324
application efficiency, 327
basin sizes, 325
delivery system, 327
erosion, 328
hydraulics, 328
inflow time, 326
irrigation time, 325
land smoothing, 325
layout, 324
number of basins irrigated per set, 327
outlet location, 328
pipeline outlets, 328
ridge dimensions, 327
stream size, 325
supply ditch outlets, 327
supply ditches, 327
topography, 325
water source location, 324
width, 325
Basin irrigation, design, 328
advance time, 328
basin length, 329
design charts, 329
inflow time, 329
maximum flow depth, 329
opportunity time, 328

Basins, 324
check, 324
contour, 324
rectangular, 324
rings, 324
Benefit
gross, 450
incremental net, 450
indirect, 450
net, 450
Benefit/cost (BC) ratio, 451

Bernoulli equation, 137, 140, 155, 163, 412, 439

Big gun and boom sprinkler systems, 397
Biotemperature, 24
Blaney—Criddle method, 251
Blasius equation, 413
Boltzmann variable, 65
Border irrigation
flow depth, 336
inflow time, 336
layout, 333
length, 334
maximum depth of flow, 336
number of borders and sets, 336
pump and power unit, 347
ridges, 335
slope, 335
stream size, 337
water delivery, 336
width, 335
Border irrigation, design
simplified method, 340
Singh—Yu method, 347
Borders, 333
contour, 333
graded, 333
level, 333
Boron toxicity, 86
Brake horsepower (BP), 452
Bubbler irrigation, 406
Bubblers, 406, 418

C; crops, 562
Cy4 crops, 562
Calorie supply per capita, 558
Canal irrigation scheduling, 533
flexible schedule, 533
rigid schedule, 533
Capillary fringe, 236
affected factors, 236
Capillary rise, 236, 529
capillary force, 236
different soils, 236
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equation, 236
gravitational force, 236
Capillary water, 230
Capital-recovery factor (CRF), 546
Cash-flow diagram, 544
Casing, pumps, 174
diffuser, 190
volute, 174
Center pivot systems, 394
operation parameters, 395
application time, 381
discharge, 395
maximum application rate, 395
net application depth, 395
types, 394
costant spacing, 394
low-elevation spray application (LESA), 394
low-energy precision application (LEPA),
394
mid-elevation spray application (MESA),
394
variable spacing, 394
Centrifugal pumps
direct coupled, gear-driven, and belt-driven,
174
horizontal and vertical, 174
low, medium and high lift, 174
single-stage and multistage, 174
single-suction and double-suction, 174
Centroid, land, 459
Characteristic curves, pumps, 180
brake horsepower-capacity, 181
efficiency-capacity, 181
head—capacity curve, 180
manufacturer’s catalog, 182
parallel, 184
radial, mixed, and axial flow pumps, 181
series, 183
single stage centrifugal, 180
Checkbook accounting method, 523
Chemical amendments, 92
Chemical elements
irrigation water, 81
soil, 94
Chezy’s equation, 128, 309
Chloride toxicity, 86
Christiansen uniformity coefficient, 291
Cipolletti weirs or trapezoidal, 200
Climate, 19
affected factors, 19
classification, 204
arid, 23
highland, 24
humid continental, 23
humid subtropical, 22
ice cap, 24
marine west coast, 22
Mediterranean, 22
semiarid, 23
subarctic, 23
tropical wet, 21
tropical wet and dry, 22
tundra, 23
United States, 24
Climate change impacts, 562

food production, 562
water quality, 563
water security, 562
Coefficient of variation, 410, 420, 426, 432, 435
Committee on World Food Security (CFS), 555
Condensation, 29
Conductivity
electrical, 513
irrigation water, 83
soil water, 85
hydraulic, 59
effective, 225
representative aquifer materials, 59
saturated, 225
various soil textures, 244
thermal, 257
Conservation of energy, 125
Conservation of mass, 125, 198, 218, 411
Conservation of momentum
lateral, 412
Consumptive use, 268
Continuity equation, 411
Continuous-move sprinkler systems, 370
center-pivot (CP), 371
linear-move, 371
traveler, 375
Contour-adjustment method, 461
Control head, trickle system, 407
anti-surge valves, 407
automated controller, 407
fertilizer injector, 407
filters, 407
flow meter, 407
pressure gages, 407
pressure regulator, 407
Conveyance efficiency, 288
Conveyance system, 287, 300, 551
closed pipes, 287, 502
open channels. See Open channels
Corrosion, 89
Costs
fixed, 191, 451
depreciation, 191, 452
interest, 191
taxes and insurance, 191
variable. See also Operating costs
energy, 191, 452
repair and maintenance, 452
Couplers, 373
Critical flow, 126
computation, 127
Critical growth period for crops, 115
Crop classification, 110-12
bioenergy, 111
cereal, 110
companion, 111
cover, 111
fiber, 111
forages, 110
grain, 110
green manure, 111
nutritional use, 112
oil, 112
protein, 112
pulses, 110

Subject Index 571

recreational turf grass, 111
root and tuber, 111
starchy root and tuber, 112
starchy seed, 112
Crop coefficients
alfalfa based, or Wright coefficient method,
275
defination, 268
dual method, basal coefficient for selected
crops, 278
dual method, FAO, 277
water stress factor, 280
wet soil evaporation factor, 282
grass based, or FAO method, 268
initial period, 271
mid- and late seasons, different crops, 271
seasonal variation, 268
Crop production, affecting factors, 113-18
climatic, 113
optimum temperature ranges, 113
crop variety, 117
leaf area index (LAI), 117
plant density, 117
plant spacing, 117
soil aeration and drainage, 117
soil fertility, 113
water availability, 114
Crop sensitivity to water shortage, 512
Cropping systems, 112
continuous, 112
rotation, 112
Cumulative infiltration, 215-16
curves for different soils, 216
Horton equation, 225
Kostiakov equation, 354
modified Kostiakov equation, 354
first and later irrigation parameters, 341
furrow, 358
SCS method, 222
basin, 326
parameters, 224, 326
Cumulative probability distribution function, 52
Current meter, 197
Current price, 451
Current ratio, 450
Cut to fill ratio, 473
Cut-back system, 360
average infiltration depth, 360
cutback time, 360
water application, gross depth, 360
Cutoff rate, 451
Cutoff time. See Inflow time

Darcy’s law, 62, 225, 244, 485
Darcy—Weisbach equation, 156, 377, 409, 412,
414, 434
circular pipes, 156
conversion constants, 156
Declination, 253
Deep percolation, 289, 296, 307, 323-4, 335,
355-6, 405, 482, 507, 525, 529, 540
Deep percolation ratio, 290
Deep-well turbine pump, 186
bowl assembly, 186
characteristic curves, 186
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Deep-well turbine pump (cont.)
discharge assembly, 186
shaft and column, 186
Deficit irrigation, 342, 513
Density
bulk density, soil, 102
dry air, 33
moist air, 334
soil, 101
Depletion phase, surface irrigation, 309
Design
basin irrigation, 324, 328
border irrigation, 340
drip irrigation, 420
furrow irrigation, 358
sprinkler irrigation, 377
Design daily irrigation requirement, 327, 354,
419, 503
Design-capacity, pump system, 190
Dew-point temperature, 28
Dimension ratio, 167
Discharge
bubbler tube, 406
center pivot system, 395
drain on the barrier, unsteady state, 494
drain, not on the barrier, unsteady state, 495
drain, surface ponding, unsteady state, 495
emission devices, 419
emitter, 422
emitter, mean, 426
fully submerged contracted orifices
negligible velocity, 206
velocity is not negligible, 207
fully submerged orifices, 207
lateral, 426
long-path emitter, laminar, 414
long-path emitter, turbulent, 414
orifice emitter, 413
orifice plate, 209
orifices
freely flowing, 206
Parshall flume
free flow, 202
submerged, 202
partially submerged orifices, 207
pint-source emitter, 409
ranges for trickle irrigation, 406
rectangular weir, 200
one-sided contraction, 200
two-sided contraction, 200
spray, 406
sprinkler, 376-7, 381, 383, 395
trapezoidal flume, submerged, 200
trapezoidal weir, fully contracted, 200
triangular weir, 200
venturimeter, 208
wells, 74
WSC flume, 205
Discount rate, 450
Distance of throw, 376
Distribution pattern, sprinkler, 376
Diversion methods, 502
gravity, 502
pumping, 502
Double ring infiltometer, 219

Drain opening, 496
clay tiles, 496
corrugated plastic, 496
Drain size
steady state, 493
unsteady state, 494
Drain spacing, calculation, 484
steady state
graphical solution of Kirkham, 490
open ditches, 485
open drains, 486
tile drains, 486
Visser nomograph, 488
unsteady state, 486
USBR graphical solution, 491-2
Drainage classification, 476
subsurface, 477
surface, 476
Drainage coefficient, 476
arid areas, 476
humid areas, 476
Drawdown
unconfined aquifer, 65
unsteady well, 65
Drilling methods, 72
augering, 72
hand auger, 72
drilled
cable tool, 72
direct rotary with air, 72
direct rotary with fluid, 72
reverse-circulation rotary, 72
driven, 72
jetted, 72
Drip irrigation design, 420
analytical approach
constant discharge, 434
simple numerical approximation, 438
variable discharge, 437
energy gradient approach
nonzero slope, 425
zero slope, 420
procedures, 420
uniformity-based approach, 432
Drip irrigation, hydraulics, 410
conservation of energy, 412
conservation of mass, 411
conservation of momentum, 412
discharge-head relation, 411
energy slope, 417
flow regime, 411
head loss equation, 412
pressure distribution, 411
pressure profiles, 417
Droplet size, 376
Dug wells, 44
Dupuit—Forchheimer assumptions, 484
Dynamic viscosity, 59, 123, 177, 409, 413

Earliest date, irrigation, 522
Earth, 25
equatorial circumference, 25
equatorial radius, 25
mean radius, 25
polar radius, 25

Earthwork, calculation, 470
end-area, 471
four-point, 470
horizontal-plane, 472
prismoidal formula, 470
summation, 472
Economic life, 451
Economic rate of return (ERR), 450
Economic value, 450
Effective depth, drain, 486
Effective emissivity, 41, 257
Effective precipitation, 525, 528-30
Efficiency
irrigation system, 91
motor, 178, 393
constant speed pump, 178
wire to shaft, variable drive, 178
pumps, 178
Efficiency price, 450
Emission devices, performance, 410
Emission point
number of emission devices at each emission
point
double laterals, 419
single laterals, 419
number of micro-sprinklers per emission point,
420
Emitter-connection loss values, 414
Emitters, types, 407
line-source, 409
point-source, 407
End-area method, 471
Energy balance, crop surface, 251
latent heat flux, 251
net radiation flux, 251
sensible heat flux, 251
soil heat flux. See Soil heat flux
Energy coefficient or Coriolis coefficient, 123
Energy gradient line (EGL), 425
Energy production, different sources, U.S., 112
Energy requirement, irrigation, 447
drip, 448
groundwater, 447
sprinkler, 447
surface, 447
surface water source, 447
Energy slope, 140, 417
average, 140
Energy—irrigation nexus, 447
Entropy theory, 219-20, 225
Equity, 451
Equivalent head loss, sprinkler laterals, 390
Equivalent pipe length, 414
Equivalent roughness, 156
Evaporation, 249-50. See also Vaporization
bare soil, 281
Evapotranspiration
actual, 268
definition, 249
measurement
lysimeter, 254, 276
potential, 268
reference, 268
Evapotranspiration calculation, methods, 251
Blaney—Criddle (BC), 251
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FAO modification, 254

Hargreaves, 253

Jensen—Haise (JH), 252

Penman, 254

Penman—Monteith, 255

Priestley—Taylor, 255

Wright’s modification, 254

Evapotranspiration calculation, parameters,

256

latent heat of vaporization. See Latent heat of
vaporization

net radiation. See Radiation: net

psychrometric constant. See Psychrometric
constant

saturation vapor pressure. See Saturation vapor
pressure

slope of saturation vapor pressure. See Slope of
saturation vapor pressure

vapor pressure deficit. See Vapor pressure
deficit

Farm gate price, 451
Feel and appearance, soil moisture, 513
Fertilizer injector, 407
Field capacity, 231, 245, 531
different soils, 233
used in irrigation, 231
Financial rate of return, 450
Flow measurement, 503
open channels, 196
flumes. See Flumes
orifices. See Orifices
velocity—area method, 197
volumetric method, 196
weirs. See Weirs
pipelines, 208
orifice plate, 209
pitot tube, 209
venturimeter. See Venturimeter
Flow meter, 53, 167, 407
Flow of river basins, Texas, 47
Flow rate
drainage, 484
unit conversions, 196
Flow regulators, 372
Flow volume
unit conversions, 195
Flumes, 200
cut-throat, 202
dimensions, 203
head—discharge relation, 203
Parshall, 201
dimensions, 201
discharge, 202
free flow and submerged, 201
head—discharge relation, 202
trapezoidal, 204
dimensions, 204
discharge, 200
WSC, 204
dimension, 205
head-discharge relation, 205
Food and Agriculture Organization (FAO), 6, 13,
113, 251, 268, 445, 560
Food production

countrywise, 558
global, 558
irrigated and non-irrigated lands, 560
Four-point method, 470
Fourth-order Runga—Kutta method, 439
Free air carbon enrichment, 562
Freeboard, 129
Frequency analysis, 51
Friction factor, 123, 156-7, 377, 390, 409,
413-14, 416, 432, 437
Darcy—Weisbach equation, 157
different flow regimes, 157
fittings and valves, 160
fully turbulent flow, 413
Hazen—Williams equation, 158
laminar flow, 413
Scobey equation, 158
sudden contraction, 160
sudden enlargement, 160
turbulent flow, 413
all types, 159
explicit expession, 159
fully rough pipes, 159
smooth pipe, 159
Friction loss
pipelines, 150
sprinkler laterals, 377
trickle laterals, 427
Front wall location, surface irrigation, 310
Frost protection, 366
Froude number, 137, 139
Full irrigation, 513
Furrow irrigation, 351
delivery system, 357
infiltration parameters calculation
two-point method, 357
inflow rate, 356
inflow time, 354
layout, 351
length, 351
number of furrows, 354

number of furrows per set and number of sets,

357
shape, 353
slope, 352
source of water, 351
spacing, 353
Furrow irrigation, design, 358
advance time, 359
average infiltration opportunity time, 359
cut-back systems, 360
free-draining graded, 361
inflow time, 359
percolation depth, 359
pump and power unit selection, 361
runoff depth, 359
water application, gross depth, 359
Yu-Singh Method, 363
Furrows, 351

alignment

contour, 351

graded, 351

level, 351
size and spacing

corrugations, 351

Subject Index 573

deep, 351

Genetic coefficients, maize, 117
Global gridded crop models (GGCMs), 445, 562
Global hydrological models (GHM), 445
Grace period, 451
Gradually varied flow, 137
flow profile computation, 140
governing equation, 137
surface profile, 138
Grant, 451
Gravel envelopes, drainage system, 496
Gravitational water, 229
Green—Ampt equation, 225
Greenhouse effect, 42
Greenhouse gases, 42, 257
Gross domestic product (GDP), 450
Groundwater sources, 45
aquifer, Texas, 46
Growing season
four stages, 269
length, different crops, 269
Gumbel distribution, 51-2

Hargreaves method, 253
Hazen—Williams equation, 150-1, 191, 377,
400-1, 413
conversion constants, 151
discharge, 151
mean velocity, 151
Hazen—Williams friction coefficient, 151, 401
values for different materials, 151
Head
elevation, 125-6, 146, 176
mean pressure, drip lateral, 426
pressure, 125, 146, 176
mean submain, trickle, 426
trickle, 412
static discharge, 176
total dynamic or system, 176, 187
velocity, 146, 176, 411
Head loss
minor, due to fittings and valves, 160
pipeline, 150
different materials, 152
example, 160
pipes in parallel, 165
pipes in series, 164
single pipeline, 163
sprinkler laterals, 377, 386, 389
trickle irrigation, 414
barbed pop on, 414
in-line emitters, 414
trickle laterals, 431
Height
sprinkler rise, 391
Holdridge life zones system, 24
Hooghoudt’s equation, 485
Horizontal-plane method, 472
Horton equation, 225
Humidity, 31-3
absolute, 31
relative, 31
specific, 33
Hydraulic conductivity, 59
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Hydraulic conductivity (cont.)
effective, 225
representative aquifer materials, 59
saturated, 225
various soil textures, 244
Hydraulic diffusivity, 62
Hydraulic efficient sections, 129
rectangular, 130
trapezoidal, 130
triangular, 130
Hydraulic radius, 122
Hydrostatic design stress, 167
maximum, different pipe materials, 167
Hydrostatic strength, long term, 167
Hygroscopic water, 230
Hysteresis, 241

Impellers, pumps, 175
open, semi-open, and closed impellers, 175
radial, axial and mixed flow, 175
single and double suction, 176
Infiltration
affected factors, 217
cumulative. See Cumulative infiltration
measurement, 217
border irrigation, 217
furrow irrigation, 217
sprinklers, 217
Infiltration determination, 218
flux law, 219
mass conservation, 218
Infiltration equations, 219
Green—Ampt, 225
Horton, 225
Kostiakov, 219
modified Kostiakov, 307
first and later irrigation parameters, 341
Philip, 224
SCS method, 222
parameters, 224
Infiltration rate
average, 216
basic, 217
excess, 217
instantaneous, 217
Inflation, 450
Inflow rate
border, 337
furrow, 356
Inflow time
basin, 326, 329
border, 336
furrow, 354
Inlets, subsurface drainage system, 497
blind inlet or french drain, 498
surface or open, 497
Intake family, 222-3
Intergovernmental Panel on Climate Change
(IPCC), 42
Internal rate of return (/IRR), 451
International Boundary and Water Commission
(IBWCQ)., 47
Irrigated agriculture
energy requirement, 564
water requirement, 563

Irrigated cropland, different regions, 560
Irrigated land, distribution, 557
Irrigation
benefits, 5-6
defination, 5
limitations, 6
necessity, 6
Irrigation conflicts, 554
Irrigation effectiveness
application efficiency and adequacy
relationship, 294
application efficiency and uniformity
relationship, 294
Trrigation efficiency
application. See Application efficiency
overall system, 289
reservoir storage, 287
soil water storage, 289
water conveyance, 288
water use, 289
Irrigation impacts on crop yields, 561
Irrigation interval, 379
maximum permissible, 379, 520
minmum, 505
Irrigation methods, 301
affected factors, 303
cost and benefit, 304
crop type, 304
irrigation practic, 304
labor, 304
natural, 303
technology type, 304
below-surface, 301
country-wise data, 564
selecting guide, 503
sprinkler. See Sprinkler irrigation
surface. See Surface irrigation
trickle. See Trickle irrigation
Irrigation models, 532
Irrigation potential, 445
Irrigation scheduling
affecting factors, 512
center-pivots example, 526
methods, 513
plant-based, 513
soil moisture-based, 513
soil water balance, 513
real time, 532
Irrigation systems
advantages, 502
components, 551
conveyance, 551
receiver, 551
source, 551
delivery, 551
design, 503
comparison, 507
data requirements, 503
steps, 503
physical, 300
delivery, 300
removal, 301
supply, 300
use, 300
planning, 448

feasibility study, 449
financial analysis, 450
implementation, 450
monitoring and evaluation, 450
proposal preparation, 449
review of plan, 449

Irrigation water, classification, 89

Jacob method, 68, 77
Jensen—Haise method, 252

Kinematic roughness parameter, 310

Kinematic viscosity, 123, 413, 434

Kinematic wave roughness parameter, 310

Kinematic-wave model, 309

Koppen—Geiger climate classification,
3,20-1

Kostiakov equation, 219, 354

Lag time, 309

border, 339
Laminar flow, 123, 308, 409-11
Land subsidence, confined aquifer, 61
Land surveying, 457, 459
Land use for food production, 557
Land-leveling, design methods, 461

contour-adjustment, 469

plane, 461

plan-inspection, 467

profile, 466
Latent heat of fusion, 30
Latent heat of sublimation, 30
Latent heat of vaporization, 29, 256
Laterals

center-pivot, 371

linear-move, 371

permanent, 367

semi-permanent, 368

set-move, 369

solid-set, 368

spacing, 381, 383

sprinkler, 386

trickle, 419
Latest date, irrigation, 521
Layout, irrigation system

basin, 324

border, 333

center-pivot system, 374

drip, 407

furrow, 351

linear move sprinkler system, 374

set-move sprinkler, 374
Leaching fraction, 90, 92, 529
Leaching requirement, 91
Leaf area index (LAI), 117, 282
Leaf water potential, 51315, 532
Levees, 324
Linear move sprinkler systems, 396
Load factor, 500
Loads on tile drains, 499
Louisiana Department of Environmental Quality

(LDEQ), 47

Mainlines
linear-move, 371
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set-move, 369
size, 377
sprinkler, 391
traveler systems, 371
trickle, 407
Mainlines, pressure
critical requirement, 391
mainline entrance, 391
Malnourished population, 8
Management allowed deficiency
values based on Doorenbos and Kassam, 515
Management allowed deficiency (MAD), 234
different crops, 235
Manning’s equation, 128, 310, 315, 326, 336,
347, 493-5
Manning’s roughness coefficient, 128, 136, 307,
310, 315, 329, 339, 353, 357, 493
recommended values for surface irrigation
systems, 307
Matric potential, 229, 238
at field capacity, 230-1
at permanent wilting point, 231
at refill point, 231
drier areas, 242
measurement, 513
mosit areas, 242
relationship with soil water, 242
variation in different soil conditions, 241
Maximum allowable head loss between two
sprinklers, 389
Maximum available practical lift, 179
Maximum effective rooting depths, 519
Maximum nonerosive stream size
borders, 337
furrow, 356
Maximum possible sunshine hours, 37
Maximum pressure difference, trickle laterals, 427
Meniscus, 236
Meteorological variables, 26
air density, 33
atmospheric pressure, 28
dew-point temperature, 28
humidity. See Humidity
radiation. See Radiation
sunshine hours. See Sunshine hours
temperature, 26
water vapor. See Water vapor
wet-bulb temperature, 28
wind, 36
Michigan State University, 532, 536
Minor head loss due to fittings and valves, 160
Mixing ratio, 33
Modified Kostiakov equation, 354
first and later irrigation parameters, 341
furrow, 358
Momentum balance, 125
Momentum coefficient or Boussinesq coefficient,
123
Moody diagram, 157, 159, 177
Multiple outlet factors
first sprinkler located at full of the sprinkler
spacing, 388
first sprinkler located at half of the sprinkler
spacing, 388

National income, 450
National Water Well Association, 72, 75
Natural Resources Conservation Service (NRCS),
15, 96-8, 1034, 135, 152, 173, 176,
181, 194, 215, 222, 244, 251, 294,
302, 304-5, 307, 328-9, 341, 369,
377, 384, 398, 402, 408, 442, 453,
476, 503, 517, 531
Net positive suction head (NPSH)
available (NPSH,), 178
required (NPSH,), 178, 190
Net present value (NPV), 451
Newton—Raphson method, 342, 345, 354

One-fourth rule, 355-7
Open channels, 122
critical flow, 126
design, 129
energy balance, 125
flow state, 123
flow types, 123
geometric elements, 122
cross-sectional area, 122
flow depth, 122
flow section depth, 122
hydraulic depth, 122
hydraulic radius, 122
section factor, 122
top width, 122
wetted perimeter, 122
loose boundary, 133
regime theory, 133
tractive force theory, 135
mass balance, 125
momentum balance, 125
rigid boundary, 129
bottom longitudinal slope, 129
design procedure, 132
freeboard, 129
hydraulic efficient sections, 129
minimum velocity, 129
side slope, 129
uniform flow, 128
velocity distribution, 123
Operating point, 187
illustration, 187
Opportunity cost, 450
Opportunity time
basin irrigation, 328
border irrigation, 336
furrow irrigation, 354, 359
surface irrigation, 310
Orifice plate, 209
discharge, 209
Orifices, 205
freely flowing, 206
contraction coefficient, 206
discharge, 206
discharge coefficient, 206
velocity, 206
velocity coefficient, 206
fully submerged, 206
discharge, 207
fully submerged contracted
discharge

Subject Index 575

negligible velocity, 206
velocity is not negligible, 207
partially submerged
discharge, 207
Outlets, subsurface drainage system, 498
gravity, 498
pumped, 499
Ownership, farmland, 447

Pan evaporation, 505
Peace Corps of the United States of America, 104,
109
Peman method
FAO modification, 254
Wright’s modification, 254
Penman method, 254
Penman—Monteith method, 255
Permanent wilting point, 231
different soils, 233
Philip equation, 224
Piezometric head, 57, 64, 412
Piezometric surface, 64
Pipelines
buried pipelines design, 169
energy equation, 145
hydrostatic design stress, 167
laying out, 170
low-head, 167
pressure rating. See Pressure rating
pressure variation, 169
system types, 167
underground, 167
components, 168
Pitot tube, 209
actual flow velocity, 209
Plane method, 461
Plan-inspection method, 467
Plant status indicators, 514, 532
Polyethylene (PE) pipe, 166
irrigation pipelines application, 376
pressure rating, 168
Polyvinyl chloride (PVC) pipe, 166
friction loss, 155
Hazen—Williams friction coefficient, 151
irrigation pipelines application, 376
pressure rating, 168
sizes, 153
Population projection
country-wise, 556
global, 555
Porosity, 102
air-filled, 102
aquifer, 57
soil, 102
values of different solids, 58
Potential evapotranspiration (PET), 24
Power function, head loss in drip irrigation,
413
Precipitation, annual average, different regions,
445
Present value (PV), 451
Pressure head profile, lateral, 417
type I, 418
type II, 418
type II-a, 418
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Pressure head profile, lateral (cont.)
type II-b, 418
type Il-c, 418
type III, 418
Pressure rating, 167
different strengths of pipe materials, 167
inside diameter-based pipe, 145
outside diameter-based pipe, 145
Priestley—Taylor method, 255
Prismoidal formula, 470
Probability density function, 52
Profile method, 466
Psychrometric constant, 33, 254, 256
Pump performance parameters, 176
capacity, 176
efficiency, 178
head, 176
net positive suction head (NPSH), 178
available (NPSH,), 178
required (NPSH,), 178

power, 177
specific speed. See Specific speed, pumps
Pumps

casing. See Casing, pumps
centrifugal. See Centrifugal pumps
deep-well turbine. See Deep-well turbine
economic evaluation, 191
impellers. See Impellers, pumps
operating point, 187
pump characteristic curves. See Characteristic
curves, pumps
selection, 189
submersible, 187
system curve, 187, 347, 361
illustration, 188
system design capacity, 190
types, 190

Radiation, 36
average global energy balance, 39
average longwave, Earth’s surface, 42
extraterrestrial, 3940
incoming shortwave, 39, 252
clear sky, 252
net, 251
net outgoing longwave, 256, 258
clear sky, 256
Recession curve, surface irrigation, 310
Regime theory, 133
Relative humidity, 31-3, 257
Relief classes, surface irrigated land, 458
Representative concentration pathway (RCP), 562
Return flows, irrigation, 537
amount, 537
impact on water quality, 537
nutrients, 538
pesticides, 538
salinity, 537
solids, 540
temperature, 540
reduce measures, 540
Return period, 51
Reynolds number, 123, 157, 308, 413, 415-16
Ridge dimensions
basin, 327

border, 335
Root growth factor, 519
Root system, 250
annual plants, 250
permanent plants, 250
seasonal crops, 250
tree, 250
Rooting depth, 234, 378, 401, 519-20
different crops, 235
Roughness height
heat and vapor transfer, 255
momentum transfer, 255
Runoff, 359, 507, 525, 530, 540, 542

Safe yield, 44-5
Salinity
effects, 83
irrigation water, 83
threshold values, 88
types of salts, 83
management, 104
chemicals use, 108
frequent irrigation, 108
irrigation method change, 108
leaching, 104
pre-plant irrigation, 108
seed placement, 106
subsurface drainage, 106
water delivery by pipeline, 108
soil, 103
crop tolerance, 103
total salinity(TDS), 83
Sap flow measurement, 515
Saturation vapor pressure
defination, 31
equation, 31, 256
values for various temperature, 31
Scobey equation, 157
SCS equation, infiltration, 222
parameters, 224
Seasonal operational time, center pivot systems,
395
Seasons, 26
Section factor, 122
Series compound-amount factor (SCAF), 546
Series present-worth factor (SPWF), 546
Service period, 452
Set-move sprinkler systems, 369, 374
gun-type, 370
hand-move, 369
side-roll, 370
tow-move, 369
Shadow price, 450
Shejpali system, 533
Shrinkage, earth, 472
Side slopes,channel, 129
deep, 129
shallow, 129
Silt factor, 123
Single-payment compound-amount factor
(SPCAF), 545
Single-payment present-worth factor (SPPWF),
545
Sinking fund factor (SFF), 546
Slope of the best-fit line, 460

Slope, impacts on surface irrigation, 307
Sodicity, 84
adjusted SAR, 84
effects, 85
exchangeable, 85
sodium absorption ratio (SAR), 84
soluble sodium percentage (SSP), 85
Sodium absorption ratio (SAR), 84
Soil
chemical elements, 94
climate effect, 108
conservation, 104
degradation, 104
water erosion, 104
wind erosion, 104
evaluation, 99
Storie index. See Storie index
formation, 95
grading, 101
layer arrangement, 95
physical characteristics, 101
air-filled porosity, 102
density, 101
pH ranges, 103
porosity, 102
salinity, 103
spatial distribution, 98
structure, 97
texture, 96
soil textural triangle, 96
types, 96
Soil Conservation Service, 72-3, 85, 96, 205, 222,
251, 291, 307, 328, 335, 337, 339,
347, 359, 364, 380, 456, 532, 537
Soil heat flux
based on net radiation, 258
based on volumetric heat capacity of soil, 258
Wright modificaiton, 258
Soil moisture removed amount, judgment guide,
530
Soil water
characteristic curve, 240
movement, 242
barrier, 243
saturated flow, 242
soil air effect, 243
unsaturated flow, 242
zones, 243
physics, 235
capillarity. See Capillary rise
cohesion and adhesion, 236
energy, 237
kinetic, 237
potential, 237
gravitational, 237-8
matric, 238
pressure, 237
forces, 237
adhesion, 237
gravity, 237
osmotic, 237, 239
storage and movement, 237
surface tension, 236
water molecules, 235
types, 229
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capillary, 230
gravitational, 229
hygroscopic, 230
Soil water characteristic curve, 239
Soil water content, 230
depth for one meter soil, 228
field capacity. See Field capacity
mass basis, 230, 233

permanent wilting point. See Permanent wilting

point
saturated, by mass, 232
saturated, by volume, 232
tension, 231
volume basis, 230, 233
Soil water measurement, method, 530
feel and appearance, 530
gravimetric sampling, 530
neutron scattering, 530
time-domain reflectometer, 530
Soil water potential
units conversions, 239
volumetric, 239
weight, 239
Soil water stress threshold, 278
Soil water tensions, threshold for irrigation
scheduling, 531
Sorptivity, 224
Spacing
emission points, 419
laterals, 383
sprinkler, 383
towpath, traveling sprinklers, 398
Specific discharge, 62, 64
Specific energy, 126
Specific heat
dry air, 33, 256
soil, 258
Specific humidity, 33
Specific retention. See Field capacity
Specific speed, pumps, 180
axial flow, 180
mixed flow, 180
radial flow, 180
Specific storage, 61

Specific weight of water, 61, 164, 236, 404, 412

Specific yield, 59, 487

flow regulators, 372
pipelines distribution, 372
pumps, 371
sprinkler head, 372
sprinklers. See Sprinklers, types
Sprinkler performance parameters, 376
application rate, 376
discharge, 376
distance of throw, 376
distribution pattern, 376
droplet size, 376
Sprinkler systems, design, 377
application rate, 380
considerations, 373
field layout, 374
center-pivot, 374
linear move, 374
set-move, 374
pipelines, 376
sprinkler performance. See Sprinkler
performance parameters
system selection, 375
uniformity. See Uniformity
water distribution, 375
gross depth of application, 379
irrigation interval, 391
lateral, 386
mainline, 391
net depth of application, 391
pump and power selection, 393
sprinkler, 383
discharge, 383
nozzle selection, 386
number of sprinklers, 386
spacing, 383
system capacity, 380
Sprinklers, types, 373
fixed-head, 373
gear-driven, 373
impact, 373
reaction, 373
St. Venant equations, 308
Standard dimension ratio, 168
Stefan—Boltzmann law, 37, 42
Stomatal resistance, 514
Storativity or storage coefficient, aquifer, 61

Subject Index

Summation method, 472
Sun, 26
radius, 26
solar constant, 26, 28, 37
Sunlight exposure fraction, 282
Sunset hour angle, 253
Sunshine hours, 36
maximum possible, 37, 256
Supply rate, water sources
combination, 53
lake, pond or reservoir, 50
minimum expected, 51
stream, 49
well, 53
Surface drainage systems, 478
bedding, 479
cross-slope ditch, 480
land grading, 481
parallel field ditch, 479
parallel lateral ditch, 480
random field ditches, 478
W ditch, 479
Surface irrigation, 302
affected factors, 304
decision variables, 305
field conditions, 307
field geometry, 306
management, 307
graded systems, 302
level systems, 302
methods, 299
comparison, 302
phases, 309
advance. See Advance phase
depletion or lag time. See Lag time
recession, 309
storage, 309
Surface irrigation models, 308
hydraulic, 308
infiltration parameters evaluation
two-point method, 316
power advance volume balance, 315
volume balance, 314
Surface storage factor, 315
Surface water sources, 44
reservoirs, 45

representative values of different materials, 60 confined, 61 Texas, 45
Spectral vegetation indices, 515 unconfined, 61 streams, 45
Spray irrigation, 406 Storie index, 99-101 Texas, 45

Sprinkler irrigation
advantages, 366
classification, 367
continuous-move systems, 370

Subsurface drainage systems
accessories, 497

inlets. See Inlets, subsurface drainage system
outlets. See Outlets, subsurface drainage

Swell, earth, 472
System curve, 187
illustration, 188

permanent and semi-permanent, 367 system Tailwater ratio, 290
portable and semi-portable, 367 sedimentation basins, 498 Temperature, 26
set-move systems, 368 design, 482 absolute, 26

solid-set systems, 368
spray patterns, 370
perforated, 370
rotating head, 370
disadvantages, 366
Sprinkler irrigation, components, 371
applicator, 372
controllers, 372
filters and injectors, 372

depth and spacing, 483
dimensions for humid areas, 482
types, 481

cutoff or interceptor, 481

grid iron, 481

herringbone, 481

natural or random, 481
Sub-surface shape factor, 315
Suction lift, 48, 176

dew-point, 28

dry-bulb or air, 33
Earth surface, mean, 38
unit conversions, 26
wet-bulb, 28

577

Texas Commission on Environmental Quality

(TCEQ), 47

Texas Water Development Board (TWDB), 46

Theis well function, 65
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Tile material, drainage, 497
clay, 497
concrete, 497
corrugated plastic, 497
Top width, 122
Total available water capacity, 233
Total dynamic head or system head, 176, 391
Towpath spacing, traveling sprinklers, 399
Tractive force theory, 135
Transfer payment, 451
Transitional flow, 123
Transmissivity, 59
calculation using Jacob method, 77
Transpiration, 228, 249-50, 262-3, 515
Trickle irrigation
equipment guidelines, 418
methods, 405
bubbler, 406
drip, 406
spray, 406
subsurface, 407
Turbulent flow, 123
classification, 156
Two-point method for evaluation of infiltration
parameters, 316, 357
Type curve method, 69

U.S. Bureau of Reclamation, 72, 75, 101, 129,
199, 201-2, 206, 482, 501
U.S. Department of Agriculture (USDA), 5, 7-8,
14, 17, 73, 89, 103, 135, 186, 194,
222,247, 291, 328-30, 353, 359,
380, 414, 458, 464, 474, 517, 529
U.S. Salinity Laboratory, 93
Uniform gradient series compound amount factor
(UGSCAF), 548
Uniform gradient series present worth factor
(UGSPWEF), 548
Uniformity, 290
Christiansen coefficient, 291
drip lateral, analytical approach, 435
Hart Uniformity Coefficient, 291
SCS pattern efficiency, 291
Wilcox—Swales coefficient, 291
Uniformity coefficient, aquifer, 74
United States Geological Survey (USGS), 47, 52
Upward flow, groundwater, 529
US Army Corps of Engineers, 133, 144
US Environmental Protection Agency (USEPA),
87
USBR graphical solution
drain is at impermeable layer, 492
drain is not at impermeable layer, 491
USDA water balance technique, 529

Valves, 372
air release, 168-9, 374
alfalfa, 328
anti-surge, 407
backflow prevention, 372

pressure relief, 168, 373
safety, 374
vacuum relief, 168-9, 373
Vapor pressure
actual, 31, 33, 41, 256
saturation
defination, 31
equation, 256
values for various temperature,
31
Vapor pressure deficit, 31, 254, 256, 258
Vaporization, 29
Vegetation coverage fraction, 282
Velocity
maximum, enclosed pipeline, 146
pressure surges, 146
Velocity measurement, open channel,
197
current meters, 197
floats, 197
tracer, 198
Vena contracta, 206
Venturimeter, 208
discharge, 208
Void ratio, 58
soil, 233
Von Karman constant, 255

Warabandi system, 533
Water balance approach, irrigation scheduling,
529
Water horsepower (WP), 177
Water laws and rights, different countries,
554
Water management, 552
Water meters, 373
Water movement, xylem, 262
Water quality
guidelines, 89
impacts on crop, 82, 88-9
boron tolerances, 88
chloride tolerances, 88
salt tolerances, 88
management, 82
chemical amendments, 92
leaching. See Leaching requirement
parameters, 81
hardness, 87
heavy metal, 87
range in irrigation water, 82
salinity, 83. See also Salinity
sodicity, 84. See also Sodicity
suspended matter, 86
toxic elements, 86
boron, 86
chloride, 86
sodium, 86
trace elements, 86
Water resources, renewable
country-wise, 445

global, 445
proportion for irrigation, 445
Water rights, 47
appropriations doctrine, 47
riparian, 47
Water sources, 44
groundwater. See Groundwater
location, 48
rainwater harvesting, 48
surface. See Surface water
wastewater, 47
Water stress factor, 280
Water table, buildup, 482
Water vapor, 29
latent heat of fusion, 30
latent heat of sublimation, 30
latent heat of vaporization, 29
vaporization, 29
Water, physical properties, 257
Weather, 19
Weighting factor, 459
Weirs, 199
terms used
crest, 199
head, 199
height, 199
nappe, 199
pond, 199
scale, 199
rectangular, 199
sharp-crested, 199
trapezoidal or Cipolletti, 200
triangular, 200
Well recovery, 70
Wells
development methods, 76
drilling methods. See Drilling methods
dug, 44
installations, 72
screen selection, 72
testing, 76
Wet-bulb temperature, 28
Wetted diameter
big gun, 397
spray trickle irrigation, 406
sprinkler, 372, 384
Wetted perimeter
furrow, 353
rectangular cross-section, 122
Wetting front, 225, 242-3
velocity in different soils, 243
Wind, 36
Wind function, Penman method,
254
Work day, 451

Yield response factor, 116

Zero-inertia model, 308
Zero-plane displacement height, 255
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