621.312134

CRE 2nd ed.

Contact “Library Services” : info@dss.go.th

INDEX

Abbreviated superstructure, 785, 786
Accident prevention, 1100
Actuator, Woodward, 901
Admixtures, 373
for concrete, 373
A-frame timber dam, 459
Aggregate, coarse, 373
concrete, 373
fine, 373
Air-entrainment coefficient, 141
in chutes, 141
Air inlets, for head gates, 558, 603, 604
for intakes, 558
Air masses, 11
and cold fronmts, 11
Air valves, 609
Coffin type, 610
freezing, 612
pipelines, 609
Simplex type, 610
Algae in conduits, 117
Alin, A. L., spillways, 530
Allievi, L., water hammer, 710, 713, 727
Alternating-current generator specifi-
cations, 962, 963, 964
Alternative sites, 86
Aluminum Co. of America, 453
American Institute of Steel Construc-
tion, 644
American Society for Testing Materi-
als, on welding, 645
American Society of Mechanical En-
gineers, power test code, 128, 130
American Society of Welding, 645
American Welding Society, 644, 645
Anchor ice, 548
Aneroid barometers, 85
Angus, R. W, water hammer, 727
Annual depreciation, 283
Annual payments, depreciation reserve,
213
Annual peak load, 247
Annual total cost of hydro, 239
Apalachia development, steel pipe,
650

Apparatus, efficiency of, 156
Approach, velocity of, 99

Approximate performance equations,
transmission lines, 1043, 1044,
1045

Apron, downstream, 399, 487

sloping, 490

upstream, 485
Arch dam, example, 386, 387, 388, 389
Arch dams, 318, 379

abutment conditions, example, 389,

390, 391

abutments for, 388

bibliography, 393

central-angle, 383

cylinder method of design, 380, 383

earthquake at, 392

example of design, 386

lubricated joints for, 381

minimum thickness of, 384

model tests for, 383

overhang of, 385

spillways for, 381

stresses, allowed for, 381

trial-load method of design, 381, 383
Arched gravity dams, 379
Architecture, powerhouse, 788
Armature reaction, 954
Armeo Drainage and Metal Products,

637

Armstrong, R. W., tunnels, 698, 700
Arrangement of report, 300
Arrow Rock Dam, 359
Ash Fork Dam, 463, 464, 466, 467, 468
ASM.E, power test code, 128, 130
Assumption on loads, 256
Austin plant, Terry propeller, 824
Automatic control systems, 913
Auxiliaries for turbines, 875
Auxiliary power, 988

distribution, 1023, 1024

equipment, 921

supply, 1022

1127


bsti
Typewritten Text
Ref. 621.312134 CRE 2nd ed.

si5-20
Stamp


1128

Backwater curves, 143
Bacticle, E., arch dams, 393
Baffles for dams, 489
Bagnell development, 201
powerhouse, 786, 799
cross section of, 799
Bailey, S. M,, floods, 77, 82
Bainbridge, F. H., 466, 468
Baker River development, 862, 863
powerhouse, 785
Bakhmeteff, B. A., hydraulics, 135, 137,
149
Balch impulse wheel development, 772
Balch powerhouse, 772
Bald Eagle Creek, 25
Balney, F., evaporation, 21
Barge for removal of flashboards, 506
Barnes, G. E., hydraulics, 144, 150
Base-load hydro plants, 191
Batching and mixing concrete, 374
Bazin’s weir experiments, 126
Bear Creek Dam, 497
Bearings, guide, 886, 887, 888
oil, 888
thrust, 888
Bear-trap crests, 504, 512, 528
Bear-trap gates, 512
Beauharnois development, 195
Beaver Park Dam, 447
Beaver type of dam, 460
Beij, H. H., hydraulics, 103, 148
Bell-mouth entrance, 98
Bend coeflicients, 104
Bends, conduit, losses at, 102
Bennetts Bridge development, 769
Bergeron, L., water hammer, 727
Berlin plant, surge tank, 745
Berms, 444
Bernard, Merrill, floods, 83
Bernoulli’s theorem, 129, 130, 131, 147
Betts, C. A., spillways, 530
Bibliography, arch dams, 393
auxiliary power, 1030
buttressed concrete dams, 403, 404
canals, 631
capacity of the development of hy-
dro, 281
concrete pipe, 689
conduits, 618
cost of hydro power, 243
cost of steam power, 221
earth dams, details, of, 445
general principles of design of, 421
economic advisability of hydro, 281
electrical design, 941, 942
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Bibliography, estimating stream flow,
59
evaporation, 21, 22
exciters, 986, 987
factors affecting rumoff, 31
flood flows, 83
flumes, 638
foundations for dams, preparation
and protection of, 493
generators, 986, 987
headwater control, 530
hydraulic turbines, 873, 874
parts and auxiliaries for, 926
hydraulies, 149, 150
intakes, 605
investigation of sites, 94
lighting, 1030
load studies, 260
market requirements, 260
operation of hydroelectric plants,
1125, 1126
pondage, 190
powerhouse substructure, 783
rainfall, 11, 12
reports, 313
river gaging, 50
rock-fill dams, 457
solid gravity concrete dams, 378
spillways, 530
stability of earth dams, 432
steel dams, 468
steel pipe, 658, 659
storage, 190
surge tanks, 753
switching, 1030
timber dams, 468
transformers, 986, 987
transmission lines, 1074
tunnels, 706, 707
types of hydro plants, 206
water hammer, 727
wiring, 1030
wood-stave pipe, 689
Big Creek San Joaquin system, 170
Big Creek 2A, impulse wheel, 868
Black River plant, regulating district,
168
Blaisdell, F. W., hydraulics, 137, 149,
487, 489
Blankets, upstream, 419
Blasting, 697
Bligh line of creep, 477, 482
Blow-off valves, 617
Boardman, H. C., steel pipe, 639
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Boissonnault, F, L., gates, 524, 525, 528,
530
Bonding to foundation, 433
Bonneville Dam, 524
hydro development, 196
Kaplan runner, 823
powerhouse, 759
substructure, 764, 765, 766
Booms, 535, 536, 537
Bore, hydraulic, 137, 138, 139
Bore, with friction, 139
without friction, 138
Boring data, 91
Borings, 85
wash, 89
Bort diamond bit, 91
Boulder Canyon development, impulse
wheels, 771
powerhouse, 771
Boulder Dam, 359
spillway, 530
Bovey, hydraulics, 96
Brandywine Creck, 53
Brick exterior design, 800
Brick lining, 111
Bridge for stream discharge measure-
ment, 33
Bridgeport hydro plant, economics of,
275, 277
cost of hydro plant, 228
setup, 277
total cost of power, 241
Broad-crested weir, 125, 126, 127
Broome gates, 572
Brown’s Falls, surge tank, 734, 746
Bubbler system, for dam crests, 511,
520, 552
Grand Coulee, 553, 555
Rocky River deveclopment, 553
surge tanks, 745
Bucket for spillways, 365
radius of, 364, 365
upturned, 490
Bull Run Dam, 359
Burnette, F. H., 562
Butterfly valves, 574, 576, 577, 614
on pipelines, 614
Buttressed concrete dams, 394
bibliography, 403, 404
buttresses of, 399
unfortunate experiences with, 394
Buttresses, cutoff, 421

Cable gaging station, 35
Cable hoists, 524
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Cain, W., arches, 381, 393
Calame and Gaden, water hammer, 728,
753
Calderwood, arch dam, 392, 491
Canal embankments, design of, 624
Canal sections, 619
Canal side slopes, 621
Canals, 607, 608, 619
bibliography, 631
choice between lined and unlined,
621
concrete linings, damage to, 628
slopes for, 628
desilting basins, 629
desilting works, 631
erosion velocities, 623
excavated in rock, 110
flow through, 109
ice in, 624
joints In concrete lining, 626
linings, 625
economics of, 628
gunite, 627
materials for, 628
reinforced concrete, 627
location of, 86
sand traps, 629, 630
seepage, 624
losses, 622
settling basins, 631
side slopes, 621
side-stream tributaries, 629
spillways for, 628
velocities, 622
maximum, 623
Capacity, 163
development, 262, 263
economic advisability of hydro, 261
efficiency of hoists, 588
value, 266
Capacity factor, effect on hydro en-
ergy, 267
hydro constant, 269
hydro plants, advisability of, 261
considerations in determining, 262,
263
possible, 230
steam and hydro compared, 215
steam plants, 214, 215, 267
actual, 214
annual, effect of age, 216
decline in, 214, 267
Capillary action, 21
Capital cost, hydroelectric plants, 222
Carman and Carr’s equation, 604
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Carpenter, J. 8., surge tanks, 753
Casagrande, A., dams, 478
Cast-iron pipe, coefficient, 115

losses, 115
Catawba River system, 170
Caterpillar gates, 505, 516, 571
Cauchy’s number, 144
Cavitation, 829
Cedar Rapids, 556

powerhouse, 797
Cement, dams, 372

rubble surface, 112
Central-angle arch dams, 383
Channels, flow, 110

natural, flow through, 110
Chapman Valve Mfg. Co., 617
Characteristic curves, 953
Check list for reports, 303-312
Cherry-picker car changer, 699
Chézy’s equation, 108
Chickamauga powerhouse, 761

substructure, 761, 762
Churn drilling, 89
Chute blocks, 489

log, 528
Chutes, steep flow in, 141
Circuit-breakers, air, 992

oil, 993, 994, 995
Circuit constants, 932, 933, 1051
Clark, A. W., dams, 378
Clark, C. O., floods, 83
Clay, unconsolidated foundation, 409
Clayey silt, coarse sand, 408

impervious foundation, 408

materials for, 408
suitable design for, 409

Claytor Dam, 536

development, 551

plant, 551
Clearing and stripping, 433
Climatological sections, 5
Closed conduits, 115
Coal cost, equivalent, 220
Cobble Mountain, surge tank, 746
Cochiti Dam, 485
Coefficient, air-entrainment, 141

cast-iron pipe, 115

curved dam, 124

discharge, 97

end contraction, 119

iriction =, 109, 110

ice effect, 118

piers, 119, 120

pipe, Scobey, 116

small smooth pipe, 115
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Coeflicient, spillway intake, 125
standard dam crests, 121
straight dams, 122
submerged crest, 128
unlined rock tunnels, 115
wood, 117

Coffin air-inlet valve, 610

Colby, B. R., floods, 83

Cold fronts, 11

Colorado River aqueduct, 608
tunnel, 692

Columbia River, 539

Combined systems, storage in, 189

Complex alegbra, 935, 936

Component parts of value of hydro,
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Composite type rock-fill dam, 452

Compressive stresses, rule for, 341-344

Conchas Dam, 87, 359, 496, 497

Concrete, admixtures, 373
baffles, 535
batching and placing, 374
curing and protecting, 376
dams, 372, 378
facing, thickness of, 451
forms, 375, 376
heights of lifts, 376
joints, 377
linings, 110, 443

coefficients, flow through, 110
mixtures, 374
monolithic, 443
pipe, 607, 686, 687
bibliography, 689
precast reinforced, 688
pours, 375
spiral casing, 855
square blocks, 443
strength of, 342, 403
temperature control to eliminate
cracking, 377
transportation and placing, 374
waterproofing, 377, 378
weight of, 330

Conductor loading data, 1060-1062

Conductor sag, 1062, 1063

Conductor size and material, 1058, 1059

Conduit bends, losses at, 102

Conduit intakes, losses at, 101

Conduit losses, 106
at entrances, 100

Conduit valves, 612

Conduits, 606
advantages of, 607
bibliography, 618



INDEX

Conduits, economic design of, 608
eddy losses, 100
entrance losses, 100
flow through, 100, 109, 115
high-line, 606, 609
location of, 607
losses through, 100
skin-friction losses, 108
through earth dams, 444
types, 606
Cone valves, 617
Connections for transformers, 986
Conowingo hydro development, 195,
767, 768
concrete exterior, 790
interior, of plant, 568
of powerhouse, 754, 790
of turbine hall, 791
Consolidation grouting, 741
Constant-angle arch dams, 379, 384, 385
Constant-radius arch dams, 379, 384
Constants, 328
Continental Divide tunnel, 693
Continuous slab deck, 397
Contractions, losses in, 107
sudden, 106, 107
Control room, 794, 998
section, 32
wiring, 1005
Conveyance losses in canals, 30
Conway mucking machine, 698
Cooling of transformers, 980, 981, 982
Core walls, 418
Cores, desirability of narrow, 439
Corona, 1035, 1036, 1037
Cost, Bridgeport hydro, delivered en-
ergy, 242
example, 228, 241
constituent part of hydro develop-
ments, 224, 225
hydro and steam, compared, 268
low pressures, 270, 271
hydro plants, 222
hydro power, bibliography, 243
capital cost, 222
depreciation, 233
fixed charges, 238
increment cost, 226
insurance, 236
money, 237
operating, 238
taxes, 236
to government, 209
total, 239
annual, 274

1131

Cost, hydro power, transmission, 229
installation as affected by increment
cost, 227
money, 208, 209, 210
operation and maintenance, per kilo-
watt per year, 340
production, 208
steam plant operation, 217
capital, 217
fixed, 217
variable, 217
steam power, 207
bibliography, 221
with varying costs of fuel, 220
transmission, 229
transmission lines, 231
Cost estimates, 287
equations, 1039
Crane for intake, 561
meters, 48
operating head gates,
600
powerhouse, 804, 805
Cranes at Chickamauga, 601
Creager, W. P., dams, 362, 378, 478, 483,
493, 504
floods, 61, 71, 82
hydraulics, 149
spillways, 530
Creep, line of, 477, 482
ratio, 482
Creosoting flumes, 635
Crest, submerged, coefficients of, 128
Crest control, 506
Crest gates, 504, 514
discharge through partly open, 127
operation of, 519
Crib dams, 459
Criddle, D., evaporation, 21
Criterion of firm capacity, 264
Critical density, 406
Critical depth, 133
Critical gradient, 132, 133
Crosby, 1. B, 87
Cross Cut dam, 487
Cummings, H. W, evaporation, 22
Current meter, 42, 43
equipment, 44, 45
measurements, 42
ratings of, 46
records, 46
winter, 49
Curtain grouting, 471
Curved dams, coeflicient of, 124

Conowingo,
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Cutoff, buttresses, 421
for dams, 324, 397, 471, 485, 487
partial, 419
steel sheet piling, 419
walls, 418, 419
Cylinder gates, 518, 519
hoists for, 524
Cylinder method, in arch dams, 380,
383

Daily and monthly flow duration
curves, 180
Daily discharge, 49
Dam crests, coefficients, 121
Dams, arch, 318
buttressed, 317, 394
bibliography, 403
causes of failure, 337
construction of, 345
materials, 84
method of, 433
earth, 317
flow over, 118
gravity, design of, 345
hollow, 317, 394
rock-fill, 317, 446
solid gravity, 317, 394
bibliography, 378
examples, 347, 359, 368
nomenclature, 318
quantities in, 358, 372
spillway, contents, 371
spillways, crest gates, flow through,
127
crests, standard, 120
flow over, 118, 122
stability requirements, 336
timber, 317
weight of, 330
Davis, A., hydraulics, 149
Davis, Albion, operation, 1075
Davis, C. V., hydraulics, 150
Davis Bridge, 563
flashboards, 511
plant, 610
spillway, 511, 530
tunnel, 692
Deep seepage, 23, 24
Deforestation, effect of, 27
Degrading tailrace, 782
Delaware Aqueduct tunnel, 693
Depreciation, accrued, 284
and obsolescence, 211
annual, 283
payments to, 284
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Depreciation, of hydro, 233, 234, 235
of hydro plants, 233
rates, 283, 284
for hydro, 236
Depth of tunnel, 694
Derrick for handling equipment, 802
Design, and construction, 345
general procedure, 345, 346
of earth dams to suit available ma-
terials, 407
with a sand gravel and clayey silt
material for a highly pervious
foundation, 409
with a sand gravel material, 407
with clayey silt and coarse sand for
an impervious foundation, 408
with clayey silt and coarse sand
materials, 408
progress in, 811, 812
Desilting basins for canals, 629
Dewatering scroll and draft tubes, 774
Diameter, of impulse wheels, 837, 838
of reaction turbines, 836, 837
short-cut - determination of, 828
Diamond: bit, bort, 91
Diamond drilling, 91
Dillman, O., hydraulics, 149
Dimensions and volume, substructure,
775, 776
Direct yump, 134
Discharge, 32
cable measurements of, 39
measurement of, 39
over dams, 118
river, 32
standard crest, 121, 122, 123
stream measurement, 32
through sluice gate orifices and tubes,
97
Dispatching, 1084
Distribution systems, comparison of,
930, 931
Diversity load, 253
Dix River Dam, 451
Dixon plant, propeller turbine of, 854
Dnieprostroi, Francis runners, 816
Don Martin Dam, 401
Doors and windows, powerhouse, 794
Dow E. A., hydraulics, 105
valves, 511
Dow valves, 573
Downstream apron, for buttressed
dams, 399
Draft tubes, 770, 864, 865, 866, 867
dimensions, 865, 867
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Draft tubes, types of, 865, 867
Drainage, for powerhouse, 803

in dams, 324, 471, 473, 486

in earth dams, 414, 415
Drains, position of, 418
Dredged earth canals, 110
Dressed ashlar surfaces, 111
Drill hole placing, tunneling, 697
Drill holes, large, 92
Drilling, blasting, 696

churn, 89

diamond, 91

rotary, 90
Drum gates, 505, 512, 513, 528

weight of, 524, 525
Drum hoist, 591, 597

type of, 595
Dry excavated earth canal, 109
Drying out generators, 958
Dry years, average frequency of, 8
Duration curve, 180, 181

daily, computation of, 182

stream flow, 51

Farth, angle of friction, 327
Earth and silt pressure, 327, 328
Earth-core type of rock-fill dam, 455
Earth dams, 317
advantages and limitations of, 405
clayey silt, 409
core walle, 418
cutoff, 418, 419
walls of, 418, 419
details, 433
drainage in, 414, 415
filters, 416, 417
and drams, 418
general principles of design, bibliog-
raphy, 421
partial cutoff, 419
pipe drains, 416
quantities in, 440
quicksand, 419
rock toe, 417
safety of, 410
sand gravel, 409
seepage, 413
settlement of, 439
shear, 422, 423, 424
safety against, 425, 426
stresses in foundation, 428, 429
stability of, 422
on impervious foundation, 426, 427
Earth pressure, 325, 327
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Earthquake forces, 330
increased water pressure caused by,
331, 332
intensity of, 330
on dams, 331
Earth tunnels, 704
Economic advisability of hydro, 261
bibliography, 280, 281
Economic analysis of a typical hydro
project, 272
Economic design,
of flumes, 633
of steel pipe, 643
Economic hydro ratio, 261
Economics, of conduits, 608
of hydro, 261
of hydro plant, 1115
operation, 1103
Eddy losses in conduits, 100
Edison Electric Institute, on steel pipe,
644, 650
Effect of ice, coefficients for, 118
on losses, 118
Effective head in hydro plants, 152
Efficiency, 151
average, 160
effect of number of units, 158, 159
of apparatus, 156, 157
of generators, 951, 952
of hoists, 588
of single gears with bearings, 590
of tests, 871
of three-unit hydroclectric develop-
ment, 158
of typical single-unit hydroelectric
development, 158
Elastic arch method for arch dams, 381,
383
Elasticity, effect of, on dams, 333
Elcctrical connections, design of, 927
main, 988, 989
Electrical design, general bibliography,
941, 942
Electrical resistivity, 88
Electric conduits, 770
Elephant Butte dam, 359
Emergency spillways, 503
End contractions, 119
coefficient, of, 119
effect of, 119
Energy, 152, 153
gradients, 131, 137
output estimates, 51
value, 266
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Enger, M. L., 604
Enlargements, losses in, 106
sudden, 107
Entrance loss, at conduit, 100
Equations, homologous, 834, 835, 836
Erosion below dams, 487
Estimates, bibliography, 59
of cost, 287
of flood-control capacity, 51
of stream flow, 51, 53-57
Estimating form for hydro develop-
ments, 288-299
Etcheverry, B. A., hydraulics, 106
Evaporation, 3, 13, 15, 19, 23
bibliography, 21, 22
chart of, in US.A,, 15
decrease with elevation, 28
differences in, 18
effect of rainfall on, 19
from lakes and water surface, 14, 15
from land surfaces, 19
from reservoir, 85
varies with elevation, 28
Evaporation opportunity, 19
Evaporation table, 16
Ewing, A., evaporation, 21
Exact performance equations,
1049
Excitation, 967
Exciters, 970
Expansion joint in steel pipe, 653
Exploration of subsurface, 88
Extension of stream gaging, 53, 55

1046-

Facing plates, 882
Facings, for rock-fill dams, 450
rock-fill, 446
steel, 449
timber, 449
Factor of safety, of earth dam, against
shear, 425
Factors affecting cost of hydro develop-
ment, 222, 223
Factors affecting runoff, bibliography,
31
Failure, causes of, in dams, 337
of flashboard pins, 506
Fair return, 209
Faults, geologic, 333, 472, 473
movement on, 333
Federal Pipe and Tank Co., 635
Fiber conduits, 1015
Field rheostats, 971
Filler gates, 567

INDEX

Filters, 415
drains, 486
position of, 418
for earth dams, 416, 417
position of, 418
Final investigation, 85
Fine uniform sands, 406
Fire protection, 957, 958, 1100
Firm capacity, 188, 261
of hydro, 261
Fish locks, 592
Fishways, 529
Fittings, pipe, losses in, 105
Fixed charges on hydro plants, 238
Fixed-blade runners, 817
Flashboard pins, 506
diagram of, 509
failure of, 506
Flashboards, 505, 511
barge for removal of, 506
permanent, 511
temporary, 506
Flemish bond brickwork, 796
Float control, 914
unit of Lihue Plantation Co., 915
Float measurements, 42
Flood flows, 60
bibliography, 82
frequency of, 71
hydrograph of, 79
peak flows of, 61
routing, 79, 80, 81, 82
stream rainfall, 76
volume in, 78
Flood studies, 63
Floods, 60
artificial storage, effect of, 70
basic-stage method, 72
bibliography, 82
effect of dense underbrush on, 70
effect of watershed on, 69
frequency of, 60, 71
frequency studies of, 73
frozen ground, effect of, on, 70
future frequency of, 74
geographical characteristic, effect of,
on, 70
hydrograph of, 60, 78
indications of past, 75
inflow-storage-discharge of, 81
land coverage of, 70
meteorological influences on, 60
natural storage, 70
physical indications of, 75
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Floods, plotting of, 71
probability, 71
plotting of, 72
probable future, 73
rainfali, effect of, on floods, 77
records, 63, 69
of peaks, 61
routing, 79, 1103
shape of hydrographs, 80
storage, effect of, on, 70
storm runofl of, 78
sudden release of, 70
unusual peaks, 64, 69
valley siorage, 70
yearly storage method, 72
Floor blocks, 489
Floors, 796
substructure, 773,
Florence Lake Dam, 398
multiple-arch, 398
Flotation gradient, 419
Flow, in conduits, equations, 108, 113,
115
of streams, 32
over dams, 118
end contractions, 119
formulas, 118
standard crest, 121
velocity head, 120
regulated, 188
Flow demand, 165, 174, 176, 185
Flow duration curve, 180
daily and monthly, 182
Flow net, 147, 475
Flows, unusual, 62
Fluid pressure arrangement, governor
for, 902
Flumes, 617, 633
bibliography, 638
economic design, 633
flow through, 112
Lennon type, 637
metal, 636
reinforced concrete, 636
steel, 112
velocity, 850
wooden, 634
wooden box, 112
wood-stave, 112
Flumes and pipes, excavation of
benches for, 617
Flyballs, 896, 897, 898-900
Flywheel effect, 955
Follansbee, Robert, evaporation, 21
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Fontana Dam, 360, between 596-597
development of hoist for, between
596-597
Force, to operate caterpillar gates, 586
to operate gates, 519
to operate rack-and-pinion hoist, 586
Forces acting on dams, 319
Forebay, 535
Forepoling method, 696
Forms for concrete dams, 375
Fort London, control room, 794
powerhouse, 794
Fort Peck Dam, piling, 486
Foster, H. A., hydraulics, 150
Foundations, 406
for dams, 469
bibliography, 493
for carth dams, 421, 445
grouting, 471
leakage, 471
piles, 474
piping in, 480
preparation of, 469
pressures in, 333
rock, 469
strength of, 342, 343, 474
Foundation, for rock-fill dams, 446
safety against shear in, 429
shearing stresses in, 428, 429
stability of, 426
unconsolidated, 409
vertical reaction of, 333
weight of, 330
Fowler, F. H., arches, 382, 393
Framework of powerhouse, 789
Francis runners, 814, 815, 816
Frazil ice, 548
Freezing in daros, 394
Frequency, of cireuit, 928, 929
of floads, studies of, 60, 71
Friction, angle of, in earth, 327
coefficient, n, 109, 110
coefficients of, in wood-stave pipe,
116
flow coeflicient, 96, 108
in dams, 339
Froude’s number, 144, 145
significance of, 145, 146
Fuel cost, effect of, on cost of steam
power, 219
of oil, equivalent, 220
Full automatic control, 913
Full-face method of tunneling, 696, 697
Fuller, M. G., concrete, 404
Fuller, W, E., floods, 61, 82
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Function of storage in combined sys-
tems, 187

Fundamental and derived constants, of
transmission lines, 1040-1042

Fuses, 990, 991

Future change in load factor, effect of,
265

Future development value, 286

Future return, values for, 286

Gaden and Calame, water hammer, 728,
753
Gage recording equipment, 35
for stream gaging, 34
sites of, 34
station operation of, 33, 47
Gages, manufacturers of, 47
river, 32, 37-39
Gaging, by current meter, 42
by floats, 42
Gaging stations, 33
establishment of, 33
Gallery grouting, 472
Gandolfo, J. H., powerhouse super-
structure, 784
Gates, bear-trap, 512
broome, 566
butterfly valves for, 565
caterpillar, 505, 516, 565, 571
weight of, 527
Chickamauga seal, 584
crest, 514
flow through, 127, 504, 514, 519
operation of, 519
cylinder, 518, 565, 579
Dix River, 451
Davis Bridge, butterfly, 581
discharge through partly-open, 127
drum, 505, 512, 528
weight of, 525
filler, 567
force required to operate, 519, 585,
596
Howell-Bunger, 524
ice troubles at, 519
intake, 563
lift, 505, 514
needle valve, 522
operation of, 519
plain slide, 514
rolling, 506, 516
weights of, 527
seals for, 579, 583
at Chickamauga hydro plant, 584
sector, see Taintor
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Gates, setting, 558
sliding, 525, 563, 565
lift, 525
sluice, 100, 520, 521
Stickney, 513
stoney, 505, 514, 565, 569, 572
taintor, 505, 514, 565, 572
at Wissota intake, 578
weight of, 526
tilting, 505, 512
timber, 559
wheeled; 505, 515
at Camden, N. J., 564
at Tionesta Dam, between 564-565,
569
weight of, 526
Gearing, spur, 591
hoists for, 591
Generator charging transmission line,
966 '
Generator torque, 773
Generators, 943
care of, 1090
construction, 944-950
exciters and transformers, 943
heating, 1110
voltage wiring, 1000-1002
Geographical features, effect on runoff,

Geological characteristics, watershed,
24

Geologic investigations, 87

of sections, 88

preliminary, 85

studies of, 84
George, G. C., steel pipe, 647
Georgia Power Co., 168

peak load plant, 201
Gerdes, H. G., gates, 524
Gibbs thrust bearing, 889
Gibson, A. H., hydraulics, 96, 134, 149
Gibson, N. R., water hammer, 710, 727
Gisiger, P. E., ice, 530
Glazed brickwork, 111
Glenville Dam, 453

impulse wheel, 867
Goff, L., heating, 744
Golden-Anderson Valve Co., 617
Goodall, G. E., on arch dams, 384, 393
Government return, 209
Governor actuator, 896
Governors, 895, 905

capacity of, 905, 906

care of, 1091, 1097

operation, diagram, 897
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Governors, plants without, 917
pump for isolated unit, 904
turbine, time of, 417, 425

Gradicnts, critical, 132-134
energy, 131

Grand Coulee Dam, 359, 491, 539, 551,

553
heating, 551
hydro development, 200

Granite Reef Dam, 478, 484

Gravity, acceleration of, 95, 330

Gravity concrete dams, bibliography,

378

Great Falls Dam, 515

Green Island propeller plant, 820

Grounding, 1020, 1621

Ground storage, 23, 24

Ground-water stages, 24

Grouting foundations, consolidation,

471
curtain, 471
gallery, 472

Growdon, J. P., 453

Growth, algae in conduits, 117

Guide bearings, 886, 887, 888

Guide vanes, 879

Gunite linings, flow past, 110

Guntersville development, 569

Hall, L. S., hydraulics, 141, 149
Halmos, E. E., hydraulics, 149

water hammer, 728
Handling gates, 569
Harriman powerhouse, 789
Harris, F. S., evaporation, 21
Harza, L. F,, flow net, 481

uplift, 493
Hathaway, G. A, floods, 82
Hauser Lake Dam, 458, 464, 466
Hays, J. B., foundations, 493
Hazen, A., floods, 83

formula for runoff, 28

hydraulics, 149
Hazen and Williams’ equation, 108, 113
Head, by Bernoulli’s theorem, 129-131

gross, 130, 131, 151

hydraulic, 129

loss at conduits, 100

net, 161

power and efficiency, 811

turbines, 129

veloeity, 129, 130, 131
Heading-and-bench method of tun-

neling, 700
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Headwater control, choice of, 504, 505
pressure, stability against, 422
Heaters for dam crests, 511, 520
Heating, 806
of surge tanks, 744
of trash racks, 550
Height of waves, 328
Hengstey plant, Germany, 203, 204
pumped storage plant on the Rubr,
204
Henny, D. C., dams, 378
Heslop, P. L., gates, 524
Hickox, G. H., dams, 530
evaporation, 21
High head, examples of selections of
runner for, 843, 844, 845
High-line conduits, 609
High-pressure intakes, 563
High-water marks, 85
Hinds, Julian, arch dams, 393
conduits, 608
dams, 278, 393, 493, 504
floods, 82
hydraulics, 128, 148, 149
spillways, 497, 530
Hiwassee Dam, 359
Hiwassee River, 168
Hoists, 515
capacity of, 588
choice of, 592
drum, 597
gatc, 524, 588, 580, 590
cable, 524
cylinder, 524
gearing, 591
stem, 524
hydraulic, 597
rack-and-pinion, 594
screw, 597
traveling, 600
Hollow dams, 394
Holtwood plant, 550, 556
Hoover Dam, penstocks, 195, 198, 199,
359, 645
powerhouse, 861
power plant, speed ring, 877
pressure regulator, 918
unit, 882
Hoover, M. D, evaporation, 21
Horizontal shear in downstream por-
tion of dam, 422, 423
Horsepower, 154, 155
Horton, R. E.,, evaporation, 7, 21
hydraulies, 124, 126, 128, 149
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Houk, I. E,, arch dams, 393
dams, 378
evaporation, 21
Hovey, 466
Howell-Bunger valve, 524, 617
Hoyt, W. G., floods, 82
Hydraulic bore, open channels, 137,
138, 139
with friction, 139
without friction, 139
Hydraulic efficiency of intake, 535
Hydraulic equipment, guide for pur-
chasers of, 921-925
Hydraulie fill construction, 437
materials suitable for, 438
of dams, 436
stability of, 431
Hydraulie gradient, 131
Hydraulic hoists, 597
Vernon plant, 599
Hydraulie jump, direct jump, 132, 133,
134, 135, 136, 137, 487, 489, 492
examples, 137
length of, 137 .
under gate, 136
undular jump, 134, 492
Hydraulic models, 144, 150
Hydraulic similitude, 144
Hydraulics, bibliography, 95, 148, 149,
150
intakes, 538
Hydro, economic advisability of, bibli-
ography, 261, 280
firm capacity of, 261
increment cost of, 268
power cost of, bibliography, 222, 243
total cost of, compared with steam,
268
Hydro capacity, factors of, 215
limitations on, as reserve, 258
Hydro developments, annual cost of,
239
Hydrograph, flood, 60, 78, 172-176
for storm, 78
shape of, 78
Hydrological studies, 85
Hydro plants, as an exclusive source
of energy, 265
base-load, 191
peak-load, to supersede old steam,
278
run-of-river, with pondage, 191
types of, 191
Hydro project, analysis of a typical,
272

INDEX

Hydro units as reserve capacity, 256
257

Ice, anchor, 548
at flashboards, 511
controlled crests for, 372
effect on conduit flow, 618
frazil, 548
inertia of, 333
pressure of, 324, 326, 372, 392
sheet, 548
Ice sluice, 552, 561
Ice troubles, at crest gates, 519
at intakes, 548, 556
in canals, 624
prevention of, 549
at intakes, 548
on spillways, 530
Imperial Dam, 475, 483, 484
Impervious foundation, stability of,
426
upstream facing, 449
Impulse wheels, 843
Big Creek 2A, 868
pumping set driven by, 905
settings of, 867
substructure for, 770
vertical-shaft, 869
Inclosed switches, 991
Increased water pressure, 331
Increasing installation, effect of, on
total capital cost, 227
Increment cost of hydro, 226, 227, 268
importance of, 268
Inertia, of ice, 333
of masonry, 331
Infiltration, facilities for, 13, 14, 20, 70
Installation, of generator, 958
of transformer, 986
size of, 256
Instrument transformers, 999
Insufficient spillway, 411
Insulators, 1033-1035
Insurance, 210
on hydro, 236
Intake, at Chickamauga, wheeled and
slide gates, 563
at Grand Coulee, 534, 539
hydraulic efficiency of, 538
hydraulies of, 538
ice troubles at, 548
racks at, 540-542
sluice, 562
transition at, 539
Intake crane, 561
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Intake gates, 563
velocity through, 557
Intake structures, 557
design of, 557
Intakes, 533
air inlets in, 558
bibliography, 605
conduit, flow in, 101
contents of, 562
head losses at, 101
high-pressure, 563
housing, 561
losses at, 101, 102
low-pressure, 558
velocities through, 547
Intensity of earthquake forces, 330
Interconncction, 253, 2656
effect of, 252
on feasibility, 265
Internal loading, in tunnels, 690
Investigation, extent of, 84
final, 85
geological, 87
of sites, 84
bibliography, 94
preliminary, 85
reconnaissance, 84
Ippen, A. T., hydraulics, 150
Yron conduit and fittings, 1014
Irrigation water, 21
Isohyetal lines, 77
Isohyetal map, 6

Jacobs, J., dams, 493
Jakobsen, B. F., arches, 383
dams, 404
surge tanks, 753
Jarvis, C. 8., floods, 61, 83
Jetting, 419
Jobes, J. G., hydraulics, 150
Johnson, R. D., hydraulics, 149
surge tanks, 734, 740, 748, 750, 753
Joints in concrete canal linings, 626
Jones, B. M., dams, 490
Jones, P. A., grouting, 493
Jorgensen, L. R., arch dams, 383, 303
Joukovsky, water hammer, 710, 727
Jump, direct, 134
hydraulic, 132-137, 487, 489, 492
undular, 134
Justin, J. D., dams, 378, 493, 504
economics, 1082
floods, 82
formulas for runoffs, 58
hydraulics, 149

Justin, J. D., spillways, 530
runoff formulas, 58

Kaplan runners, 818, 819, 820, 821, 822,
823
Kaplan turbines, 818, 819, 820, 821, 822,
823, 876
Karlsson, K. I., steel pipe, 646
Karpov, A. V., arch dams, 393
Kecener, K. B., dams, 378
Keihin dent yoke, 866
Kennison, K. R., hydraulics, 138, 149
Kentucky power plant, 786, 793
Keokuk Dam, discharge, 120, 128
powerhouse, 759
Keokuk development, substructure, 759
Kerr, S. L., water hammer, 727
Key, fitting, 885
Kilowatts, 154, 155
Kindswatter, C. E., hydraulics, 149
King, H. W, hydraulics, 97, 126, 148
Kingsbury, thrust bearing, 888, 889, 830
Kingsley Dam, 478, 486
Kinne, E., hydraulics, 149
Kinnison, H. B., floods, 83
Knapp, R. T., hydraulics, 150
Knife switches, 990
Kurtz, F., spillways, 530
Kutter's diagram, equation, 76, 108, 114
explanation, 114
n, 109, 110
opposite, 114
Kva rating, 951

Lake Cheesman Dam, 359
Lake Loveland arch dam, 392
Lakes and swamps, 25
discharge from, 25
Lakey, A. B., thrust bearings, 888
Land surfaces, evaporation from, 19
Lane, E. W., hydraulics, 147, 150, 482,
483, 493
Larner Engineering Co., hydraulics, 106
Larner-Johnson Valve, 614
La Turque development, 550
Layers, building in, 434
Leakage, in dams, 397, 477
in timber dams, 458
Lee, C. H., evaporation, 21
Legal reguirements, 285
Lennon flume, 637
Leonard mechanical rake, 546
Life, of elements in hydro plant, 234
of hydro development, 233
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Life expectancy of steam plant parts,
212

Lift gates, 505, 514

Lifts for concrete in dams, 376

Lighting, 988-1030

Lightning, protection against,
1018

Lightning arresters, 1019, 1020

Limestone, effect of, on discharge, 25

water yield comparison, 25

Limitation of earth dams, 405

Lincoln Electric Co., welding, 645

Linde Air Products Co., welding, 645

Lined canals, 621

Liner plate method of tunneling, 695

Liners for draft tubes, 867

Lining of canals, 625

Little Swatara, 53

Little Tennessee River, 168

Livingston, B. E., evaporation, 22

Load, classes of, 248

Load curves, 245-249, 251

Load duration curve, 254

Load factor, 244, 265
increase in, 189
Load-frequency control, 962
Loading in tunnels, 690
Load prediction, 258-259
Load studies, 244
bibliography, 260
Load tests, 964
Loads of three systems on peak day
in peak month, 253
Location, choice of, 86
Log chutes, 528
Long Lake Dam, rolling gate, 517
spillway, 517
Losses, at bends, 102-104
at conduit bends, 102
at conduits, 100
at head gates, 102
at intakes, 101
at valves, 105, 106
due to enlargement, 106
eddy, 100
effect of ice, 118
for cast-iron pipe, 115
for concrete-lined pipe, 117
for continuous-interior pipe, 116
for girth-riveted pipe, 116
for riveted pipe, 116
from Deer Flat Reservoir, 29
from seepage and other causes, 29
from watershed, 24
miscellaneous, in conduits, 106
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Losses, of head, 100

skin-friction, 108, 110

small pipe, 115

unlined tunnel, 115
Louisville, propeller runner setting, 763
Low-pressure intakes, 558
Lower Bonnington plant, 849
Lubricated joints, arch dams, 381

Mahoning Dam, 359
Main shaft, 883
Maintenance cost of hydro plants, 239
Manholes in pipelines, 612
Manning’s equation, 108
Mapping, topographic, 84, 87
Market requirements and load studies,
244
bibliography, 260
Marmet plant, 818
Masonry linings, coefficient for flow,
111
flow past, 110
Mass curve, 177, 178, 179
Materials of construction, 406
for earth dams, 406
for runners, 817
suitability for dams, 93
Mathis Dike buttress dam, 400, 474,
475
Matzke, A. E., hydraulics, 137, 149
McConaughy, D. C., spillways, 530
McLeod, A. M., fishways, 530
Mead, D. W, evaporation, 21
Mean annual rainfall, 5
Measurements, by current meter, 42
by float, 42
of discharge, 39
of stream discharge, 33
Measuring insulation resistance, 959,
960
Measuring weirs, 128
Meeker, R. 1., evaporation, 22
Mcenenyi, Paul, fishways, 530
Mervine, W. G., economics, 1082
Mesnager, E., arch dams, 393
Metal spiral case settings, 768
Meter ratings, 43
Methods of construction, 433
Meyer, A. F., evaporation, 16
Miami runoff, 55
Middle Third, law of, 336
Miller, E. B., gates, 524
Minear, V. L., grouting, 493
Minimum thickness of arch dam, 384
Mixing and placing concrete, 374
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Model tests of arch dams, 383
Models, hydraulic, 144, 150
Modulus of elasticity of concrete, 380,
384
Mohawk Dam, 497
Mokelumme River system, 170
Molitor, D. A., waves, 328, 378
Money, cost of, 209
for hydro plant, 237
required for hydro, 234
Monthly peak loads, 248
Monthly peaks, 247
Montreal Island plant propelier, 822
Morin, V., evaporation, 21
Morning-glory spillway (see Shaft spill~
way)
Morris Dam, 359
Motive power, 599
Motors and controllers, 1025
Motors for gate hoists, 599
Movement on faults, 333
Mucking of tunnels, 698
Multiple-arch dams, 394, 397
deck of, 397
Mutltiple-step design of gravity dams,
345, 347
Myer maximum, modified floods, 62

Nagler, F. A, hydraulics, 148, 149
Nantahala Dam, 452-456
plant, 893
powerhouse, 754, 790, 801
steel pipe, 650
Nappe for sharp-exccuted weir, 122
Narrows Dam, 497
National Electric Light Association, on
surge tanks, 753
on turbinc tests, 1109
Natural channels, 112
Naylor, A. H., spiliways, §30
Needle valves, 522, 524, 614
in pipe lines, 614
interior differential type, 615
Larner-Johnson type, 614
Needles, 506, 518
Net head, 151
Network analyzer, 940, 941
Networks, 1050, 1051
New England Power Co., 598
Newport News mechanical rake, 544,
545
Newport News Shipbuilding and Dry-
dock Co., 541, 547
Niagara Falls, Francis runners, 816
plant, 192, 193, 194
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Niagara Falls, powerhouse, 793
units of, 857
Nieberhof, A. E., gates, 528
Niederwartha pumped storage plant,
near Dresden, 204
Noetzli, F. A., dams, 404
Nomenclature, 318, 319
Non-overflow solid gravity dams, 347-
351, 358, 359
200-foot, 352-357
350-foot, 357, 358
Norfolk powerhouse, 792
Norman plant, 819
Norris Dam, 359, 480
paneling in powerhouse, 795
Norwood powerhouse, 756, 786
Number and arrangement of circuits,
1032
Number, of phases, 929
of units, effect of, on plant efficiency,
159

Oak Grove plant, 864
Obsolescence, 211
Ocoee No. 2 flume, 634
Ohio Falls powerhouse, 763
Ohio River Dam No. 6, 512
Oil, for governor, 903
for transformers, 982
Oil pressure, absence of, for governor,
905
Open channel flow, hydraulic bore and
suction wave in, 108, 109, 137,
138, 139
varied flow, 140
Open conduit, 114
Open flume settings, 757
Openings, flow through, 126
restricted, 126
Open system for governor, 905
Operating costs, method of dividing,
218
of hydro plant, 238
of steam plants, 216
Operating force for gates, 584
Operation, accident prevention, 1075
1100
bibliography, 1125
communication, 1077
cost of, 1082, 1119
dispatching, 1084, 1116, 1117, 1119
1120, 1121
duties of operators, 1083, 1101
economics of, 1103, 1115
equipment ratings, 1078
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Operation, fire prevention, 1100
flood routing, 1103
forecasting, 1112
generators, care of, 1090
governors, care of, 1091, 1097
hydrographic data, 1080
loading schedules, 1086
maintenance, 1092, 1123
of storage for power, 188
organization, 1075
pondage, 1111
records and reports, 1081, 1092, 1108,
1124
reserve capacity, 1118, 1124
river-level control, 1101
runner pitting, 1095
spillway operation, 1102
storage, 1122
structure maintenance, 1099
transmission, 1120
trash-rack maintenance, 1098
turbine efficiency, preservation of,
1107
turbine leakage, 1106
turbine operation, 1104, 1105, 1106
turbine tests, 1109
turbines, care of, 1087, 1093
with steam, 1116
Operation and maintenance, cost of, in
hydro plants, 238
Orifices, flow through, 95
Outdoor station structures, 1074
Outline of report, 302, 303
Output, 166
Overbreak and pay-line in tunnels, 701-
703 .
Overburden, 85
Overhang of arch dams, 385
Overturning of dams, 337, 338

Painted flumes, 113
Painting of steel pipe, 655
Paneling on concrete surface, 795
Parallel operation of transformers, 962,
977
Pardee Dam, 359
Partial cutoff, 419
Parts for turbines, 875
Parts of hydro development costs, 224
Path of percolation, 477
Paul, C. H., on dams, 493
Peak flow of floods, 61
Fuller’s equation, 61
Mpyer’s maximum 100%, 63
unusual, 64

INDEX

Peak flows, 61, 69
Peak-load hydro plants, economics of,
278
for systems with sharp peaks, 205
functions of, 200, 204, 205
to supersede old steam plants, 278
Peak-load plants, Georgia Power Com-
pany, 201
Peak loads, 247
Peak percentage curves, 250, 255
Peak week load curve, 251, 252
Pee Dee River powerhouse, 798
Pelton wheels, 813, 814
Penrose-Rosemont Dam, 449
Pensacola hollow buttress dam, 401
Penstocks, 607-609
air valves in, 609
velocities in, 608
water hammer in, 708, 725
Percolation, path of, 21, 477
Perkiomen Creek, 173
Permanent earth dams, 405
Permanent flashboards, 511
Permeability, coefficient of, 479
coeflicient of, 479
horizontal, 414
vertical, 414
Phasing out and synchronizing, 960, 961
Philips & Davies gates, 516, 566
Philips, E. B., 586, 590
Pickwick Landing development, 570
Piers, coeflicient, 119, 120
contraction at, 119
Piling under dams, 343, 344, 485
Pin hoist, 594
Pinnacles development, 617
Pins for progressive failure, 510
Pipe, coefficient of discharge, 115, 116
concrete, 117
flow through, 115
steel, 116, 639 (see also Penstocks)
anchorages, 650
bibliography, 658
buried pipe, 656, 657
design, 646
ecoromic design of, 643
expansion and contraction of, 655
expansion joints in, 653
loading of, 639
painting of, 655
physical properties of, 641
piers for, 648
protection against freezing of, 657
ring girders for, 646
riveted, 643
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Pipe, steel, stress in, 640
supports for, 648
temperature changes in, 655
types of, 639
weights of, 647
welded, 644
working siresses in, 643, 644

wood-stave, 16

Pipe drains, in earth dams, 416

Pipe galleries, 770

Pipeline, air valves in, 608, 609

beneh for, 617

busterfly valves m, 614

conerete, 607

conduit valves in, 612

cone valves in, 617

gate valves in, 616

manholes in, 612

needle valves in, 614

steel, 607

valves in, 613

wood-stave, 607
Pipes, through earth dams, 444

water hammer in, 708
Piping, 420, 480

Poisson’s ratio of concrete, 381

Pit River No. 5 plant, 870

Plain slide gates, 514

Plant capacity, effect of pondage on,

162
equal to peak demand, 162
less than plant demand, 162
Plant efficiency, average over-all, 160
Plant factor, dccline with age for
steam, 216
Plant factors, of hydro, 215
of steam, 215
Plants without governors, 913
Plastic clay, 406
in silty clay foundation, 409

Plate-steel runners, 817

Plate-steel spiral casing, 858, 859

Pondage, 59, 162, 166

and storage, bibliography, 190
use of, 1111

Populated district, spillway in, 60

Position of drains, 418

Possible energy output, 230

Possum Kingdom Dam, 402

Power, average, 151, 153-155, 928

Power cirele equation, 1056

Power factor, 934

Powerhouse drainage, 803
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Powerhouse substructure, see Substruc-
ture, powerhouse

Powerhouse superstructure, see Super-
structure, powerhouse

Powerhouse walks, eutoff buttresses,
421

Power supply, total annual cost of, 275

Power system stability, 941

Power test code, AS.M.E., 128, 130, 131

Precipitation, 3

Predietion loads, 258, 259

Preliminary investigation, 85

Pressure regulator, 916

for Hoover Dam unit, 918
water-saving, 917

Pressure-regulator discharge, absorp-
tion of energy from, 919

Pressure rise and speed rise chart, 912

Price, W. H., hydraulics, 147, 150

Probable deviation of stream flow, 51

Probable frequency, 10

Probability curve of rainfall, 10

Probability floods, 72, 74

Production costs at tem typical steam
plants, 218

Propeller runners, 817

Prospecting by electrical resistivity, 88

Public utilities, 85

Puddling, 434

Pull-up curves, 1066, 1077

Puls, L. G, hydraulics, 149

Pump arrangement, governor for, 902,
903

Pumped storage, net return for, 278-
280

Pumped storage hydro plants, eco-
nomics of, 202, 278

Pumped storage plants, 200, 203, 204

Purpose of report, 282

Qualification of reports, 301

Quantities for substructure, 776-781

Queenston-Chippewa development, 766
plant, 193

Quicksand, 419

Rack-and-pinion hoists, 594
velocity at, 101, 102
Rack heater units, 550, 551
Rack heating, Grand Coulee Dam, 551
Racks, construction of, 541
heating of, 550
inclination of, 540
losses at, 101, 102
velocities through, 547
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Racks, welded, 543
Rainfall, and runoff, Miami, 56

average frequency of dry years, 3, 8,

13, 19

bibliography, 10, 11, 12

definition, 3

effect on evaporation, 19

effect on floods, 70, 77

mean annual, 5

percentage of maximum, 77

rate of, 3

storm, 77

weighted method of determining, 6, 7
Rainfall probability curve, 10
Rainfall records, accuracy of, 5
Rainfall stations, location of, 5
Rainfall .year, 8
Rake, mechanical, 544-546
Raking platform, 558
Raking racks, 544
Ramser, C. E., hydraulics, 149
Rankine’s formula, 327
Ransome, F. L., dams, 378
Rate of return, 286
Rating, of current meter, 46

of transformers, 976-977
Rawhouser, C., concrete, 378
Reactive factor, 934
Reconnaissance for investigation, 84
Records and check list for reports, 303,

310

Records of stage, 46
Recorder, water-stage, 36
Rectangular orifice with low head, 99
Rectangular tubes, 99
Redridge Dam, 463, 464, 466, 467
Regrading tailrace, 783
Regulated flow, 188
Regulating connections, 883
Regulating cylinders, 900
Regulation, 952

and power diagrams, 1052-1055

of transformers, 978, 979, 980
Rehbock’s weir formula, 128
Reid, L., dams, 363, 378

hydraulics, 149
Relief valves, 725
Remote-control stations, 914
Reports, arrangement of, 282, 300

bibliography, 312, 313

check list for, 303

extent of, 283

outline of, 302

purpose of, 282

qualifications of, 301

INDEX

Reports, records for, 303-312
subject matter of, 301
wording of, 300
Representative hydroelectric develop-
ments, 223
Reserve, for hydro plants, 1118
hydro units for, 256
Reserve capacity, 256
Reservoir evaporation, 85
Reservoir plants, 195
Resistance, reactance, and impedance,
977, 978
Resistance coil, 957
Restoring mechanism, governor for, 901
Restricted openings, 126
Resultant, location of, rule 1, 338
Retrogression of streams, 492
Revolutions per minute, diagram, be-
tween 828-829
Reynolds’ number, 144, 145
Rheostats, energy-dissipating, 964, 965
water, 965, 966
Richelieu River, 173
Ring girders for steel pipes, 646
Ripley, T. M., hydraulics, 128
Riprap, 441, 442
River discharge, bibliography, 32, 50
computations of daily discharge, 49
River gaging, bibliography, 16, 32
current-meter, 42
float measurements, 42
slope measurements, 41
velocity-area method of, 41
weir method of, 40
Rivers, in Water Supply Papers, 52
Riveted pipe, 643
steel, 116
Roberts, K. C., gates, 530
Robinson, J. 8., evaporation, 22
Rock, Elmer, spillways, 530
Rock-iiil dams, bibliography, 317, 446,
456
Salt Springs, 446, 448, 451
Rock hoist, 594
Rock Island, Nagler propeller runner,
822
powerhouse, 787
Rock toe, 417
Rocks, 540, 541, 542
Rocky River, bubbler system, 553, 745
pumped storage plant, 202, 204
Rogers, F. C., dams, 403
Rohwer, Carl, evaporation, 21
Rolling embankment, 435
Rolling gates, 506, 516, 517
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Roofing under dams, 482
Roofs, 797, 798
details of, 803
Rose, E,, ice pressure, 326, 378
Rotary drilling through overburden, 90
Roto valves, 617
Rough methods, of determination, 92,
93
of stability analysis, 429
Roughness in models, coeflicient of, 146
Round-head buttress dam, 397
Rouse, H., dams, 363, 378
hydraulics, 149
Routing floods, 79
Rubble backing of face of rock-fill
dams, 449
Rules for dam design, 338
Runaway speed of turbines, 844, 846
Run-of-river hydro plants with pond-
age, 191
Runners, turbine, pitting of, 1095
Runoff, 13, 20
equations for, 57
errors, 51
factors affecting, 23
Justin formula, 58
storm, 78
surface, 20
Runoff relation curve, 53
Runoff relations, 53, 54
Russell, G. C., hydraulics, 150

Sabrina Dam, 449
Saddle spillways, 497
Safe Harbor development, 553, 556, 856

powerhouse, 800
Safety, in dams, 344

margin of, 344, 345

of earth dams, requirements, 410, 411
Sag tension curve, 1065, 1066
Saguenay development, 576
Salt Springs Dam, 446, 448, 451
Saluda Dam, 497
Sampling overburden, 90
San Gabriel Dams Nos. 1 and 2, 452
Sand gravel, suitable design for, 409
Sand gravel and clayey silt, for a highly

impervious foundation, 408

for a highly pervious foundation, 409
Sand traps for canals, 629
Schamberger, S. O., operation, 1105
Scheman, C. H., steel pipe, 639
Schidenhelm, F. W., dams, 470
Schmidt, L. A., Jr., leakage, 493
Schneider, G. R., floods, 77, 82
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Schnyder, O., water hammer, 727
Schoellkopf plant, 192
Schocllkopf powerhouse, 793
Schrontz, C. C., dams, 378
Scobey, coeflicients for steel pipe, 116
flow equation, 113, 116
Scobey, I'. C., hydraulics, 107, 108, 149
Screw-stem hoist, 589, 597
for gate hoist, 593
Scroll cases, cast-iron, 850
cast-steel, 860, 862, 863, 864, 866
plate-steel, 860
Shasta, 860
velocity in, 850, 851
Seals for gates, 579, 580, 581
Section, tunnel, shape of, 691
Sections, climatological, 5
Sector gate, see Taintor gate
Seely, F. B., 604
Seepage, effect of drainage on, 415
from buttressed dams, 29, 397, 411
in canals, 624
in dams, 397, 477
in tunnels, 706
quantity of, 413
Seepage line, 411, 412
position of, 411
Seepage loss, 29
in canals, 622
Seepage of rainfall, 20
through capillary action, 21
through percolation, 21
Seiches, 329
Seismic subsurface methods, 88
Semihydraulic fill dam, 436
Sensitiveness of stage-discharge rela-
tion, 33
Servomotor, 8, 896, 897, 900
Setting, diagram of, 850
dimensions of, 852, 853
examples of heights of, 842
height of, 830
impulse-wheel, 867
Settings, metal spiral-case, 768
vertical concrete, 757
Settlement, of rock-fill dams, 451
Settling basins for canals, 631
Setups, 329
in reservoirs, 329
Sewall’s Island powerhouse, 757
setting for propeller runners, 758
Shaft, main, 883
spillways, 500
Shafts and adits, 705
Shape of crest, 360, 362, 363
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Shasta Dam, 359
gates, 505, 515,
scroll cases, 860
welded steel-plate spiral casing, 859
Shawenegan Falls, 550
Shear, factor of safety against, 425, 426
in downstream portion of dam, 422,
423
in foundation, factor of safety
against, 429
in upstream part of dam, 423, 424
Shearing stresses in foundation, 428, 429
Sheet ice, 548
Shield method, 695
Shifting ring, 883
Shooting for tunnels, 697
Shorer, H., dams, 404
Short-circuit analysis, 936-940
Short tubes, 95
Shrinkage in dams, 403
Side-channel spillways, 496
Silt, affecting dam tightness, 325
deposits of, in reservoirs, 167
inertia of, 333
pressure of, 327, 328
Silty eclay with unconsolidated founda-
tion, 409
Similitude, hydraulic, 144
Simin, O., water hammer, 727
Simple slab deck, 397
Simplex Valve & Meter Co,, valve, 610
Single-runner vertical open-flume set-
ting, 848
Single-step design, 349-352
for dams, 347, 349, 367
Single-unit plant, 157
efficiency of, 158
Sinking-fund method, 285
Sipes’ Subway Black paint, 656
Siphon spillways, 501
Site for stream-discharge measurement,
33
Skaguay Dam, 449
Skin-friction conduit losses, 108
Slab, 397
Sliding, of dams, 337, 338
resistance to, Rule 2, 338-341
Sliding gate, 525, 565
Slope measurements of gaging, 41
Slope protection for earth dams, 440,
441
Sluice gates, discharge through, 100
flow through, 100, 520, 521
Sluices, 520
Sluicing in rock-fill dams, 451

INDEX

Small smooth pipe, 115
Smith, 8. Morgan, Co., 523
Smith-Kaplan runner, 821
Soil moisture, recapture of, 20
Solid gravity concrete dams, choice of,
317
Solid gravity non-overflow dams, 347-
351
contents of, 361
spillway dams, 359
contents of, 371
Solution on installation, 256
Source region of air masses, 11
South Lake Dam, 449
Spare parts, 920
Speed, of impulse wheels, 837, 838
of reaction turbines, 836, 837
recommended, 827
short-cut determination of, 828
specific, 825
synchronous, 839, 840, 841
Speed drop, governor, 902
Speed regulation, 906-910
problems of, 910, 911
Speed rings, 876, 877
for Hoover plant, 877
stay-bolt type of, 878
Spherical thrust bearing, 891, 893
Spillways, bibliography, 494
capacity estimates for, 51
chute, 498
crest gates of, 504
crests for, standard, 460
cutoff buttresses on, 421
dam, 20-foot, 370
single-step design for, 349-352, 365—
370
discharge, 117, 128
economic, 494, 495
emergency, 503
flat-crested, 125
for canals, 628
for rock-fill dams, 452
gates, crest, 504
sluice for, 520
gravity dams, intakes for, 125
quantities in, 372
walls of, 421
headwater control, bibliography, 530
in populated districts, 60
length of crest, 499
saddle, 497
shaft, 500
morning-glory, 500
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Spillways, siphon, 501
model tests, 502
Spiral case settings, for horizontal
units, 768
for small units, 878
Spiral casing, cast-iron, 859
Spring Creek, 24, 25
Spring thrust bearing, 830
Spur-geared hand-operated gate hoist,
593
St. Anthony Falls, stilling basin, 487
Stability, of earth dams, 422
against headwater pressure, 422
on impervious foundation, 426, 427
of hydraulic fill dams, 431
requirements for, 336
Stability analysis, rough method of, 429
Stadia survey, 85
Stage-discharge curve, 32
Stage-discharge relation, 32
sensitiveness of, 33
Stairs and railings, 799, 800
Standard crest flow, 120
Standard dam crest, 121, 122, 123
Stanley, C. M., 468
Starting generator, 960
Static friction, coefficient of, 585
Station equipment of stream-gaging
station, 35
Steam and hydro energy the same
value, 266
Steam operating costs, method of di-
viding, 218
Steam plant capacity factors, 215, 267
Steam plants, actual annual cost of,
207, 218
capital cost of, 207
depreciation of, 211
effect of annual capacity factor on,
217
effect of fuel cost on, 219
fixed charges on, 208
and variable cost of operating, 217
improvements in, 207
obsolescence, 211
operating cost of, 216
operating with hydro, 1116
production costs in ten typical plants,
219
Steam power, effect of fuel cost, 219
Steam power cost, bibliography, 207,
221
Steam versus hydro costs, 269
Steel chutes, varied flow in, 141
Steel dams, 462
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Steel facing of rock-fill dams, 449
Steel flumes, flow in, 112
Steel linings, flow through, 112
Steel pipe, 607, 608, 639
flow in, 116
physical properties for, 641
Scobey’s coefficients for, 116
Steel sheet piling for cutoff, 419
Steele, B. W., concrete, 372, 378
Steep chutes, flow in, 141
Stem hoists, 524
Stevens, J. C., scour, 493
Stevenson’s formula for waves, 328
Stewart, C. B., hydraulics, 148
Stewart’s coefficient of discharge, 98
Stickney drum gate, 513
Stilling dams, 487, 496
Stoney gates, 505, 515, 572
Stoney River Dam, 470, 475
Stoplogs, 506, 518, 528, 601
steel wood, 603
Storage, at the plant, 186
benefits of, 162, 166, 167
bibliography, 162, 166, 190
due to freezing, 28
effect of, on firm hydro capacity, 189
on floods, 70
in combined systems, 187, 188, 189
operation of, 1122
possibilities of, 188
power, operation of, 188
remote from plant, 186
requirements, 174
valley, 71
Storage and pondage, 59
Storage studies, analytical method ap-
plied to, 183
Storm rainfall, 70, 77
Storm runoff, 78
Straight dams, coefficient of discharge
for, 123
Straight-line method, 285
Stream discharge, 32
Stream flow, based on gaging, 51
estimating, 51
records of, 171
absence of, 23
tabulating, 172
Stream gaging at site, 52, 53
Stream measuring by weir method, 40
Stress, compressive, in arch dams, 381
in dams, 341, 403
shearing, in dams, 339
Stress deflective curves, 1063, 1064
Stresses in buttressed dams, 403
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Stringing curves, 1068
Strowger, E. B., operation, 746, 1105
surge tanks, 746,
water hammer, 708, 727, 728
Structural features of transmission line,
1058
Structural stability of intakes, 533
Structures for transmission lines, 1068,
1069
Studies involving pondage, storage, and
output, 166
Sturgeon Pool Dam, 521
Subatmospheric effects, 322
Subject matter of report, 301
Submerged crest, coefficient of, 128
Submerged hydraulics, 96
Submerged spillways, 126, 128
Submergence, effect of, 96
Substructure of powerhouse, bibliogra-
phy, 783
dewatering, 774
dimensions and volume, 775
draft tubes, 770
exciters, 756
floors, 773
for impulse wheels, 770
galleries, 770
metal spiral-case settings, 767
quantities in, 776
streamlining, 765
tailrace, 782
transformers, 755
types of, 756, 757
ventilation of, 773
working bay, 755
Subsurface exploration, 84, 85, 88
Subsurface investigation, churn drill-
ing, 88, 90
diamond drilling, 91
electrical resistivity, 88
rotary drilling, 90
seismic prospecting, 88
undisturbed samples, 90
Successful pumped storage plants, 204
Suction wave, 137, 139, 140
in open channels, 137-139
Sudden contraction, 106
Suitable design of earth dams with
sand gravel, 407
Sump, 774
Superstructure of powerhouse, 784
abbreviated type, 785, 786, 793, 798
architectural effect, 788
crane, 804
doors, 794

INDEX

Superstructure of powerhouse, drain-
age, 803
enclosed type, 788
floors, 796
framework, 789
maintenance of, 1099
railings, 799
roofs, 797
seating, 806
stairs, 799
telephone, 806
ventilation, 794
walls, 790
water supply, 801
windows, 794
Support for tunnels, erecting, 699
Surface runoff, 20
Surge tanks, 729, 753
arithmetic integration, 746, 748, 750
bibliography, 753
bubbler systems, 745
critical velocity, 739
design of, 734
differential, 732, 748
economics of, 609
heating, 744
incipient stability, 739, 742
Johnson design method, 732, 748
restricted-orifice tank, 751
simple tank, 730
Svirstroy Dam, 484, 485, 486
Swamps, discharge, 25
Switchboards, 996, 997
Switches, magnetic, 992
Switching, equipment, 988, 989, 990
Synchronizing, 961
Synchronous reactance, 954, 955

Tabulating stream flow, 172
Tailrace, 782

gates, 775

piers, 775

stoplogs, 775
Taintor gates, 505, 514, 573

hoist, 515, 519

U. S. Engineer Department manual,

530

Tallulah Falls, steel pipe, 649
Tappan Dam, 497
Taps and internal connections, 977
Taxes, 210, 237

and insurance, 210

as percent of revenue, 210

on hydro, 236

other, 237
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Telephone and connections, 806
Temperature, effect on runoff, 28
effect on yield, 28
Temperature detectors, 956
Temperature stresses, at abutments, 385
in arch dams, 384
Templin, R. L., arch dams, 393
Tennessee River development, floods,
73, 168, 169
power and storage, 169
Tension in dams, 338, 344
on interior planes, 344
Terry propeller turbine, 822
Terzaghi, K. walls, 378
Tests for efficiency, 871
Thawing, in dams, 394
Thermal expansion of concrete, 380, 384
Thermocouple, 957
Thickness of concrete facing, rock-fill
dams, 451
Thoma, D. T., surge tanks, 753
Thomas, H. A., hydraulics, 487
Three-unit development, efficiency of,
159
Thrust, 888, 889
Thrust bearings, 888
Thrust loads, chart for, 892
Tides, 329
Tilting gates, 505, 512
Timber crib dams, 459
Timber dams, 317, 458
leakage of, 458
maintenance of, 450, 458
Timber head gate, 559
Timber upstream facing, rock-fill dams,
449
Time, total governor, 906
Tionesta Dam, 499
wheeled gate, 569
Top-heading method of tunneling, 700,
701
Topographic maps, 87
Total annual cost of hydro, 274
Tower design, 1070, 1071, 1072
Tower spacing, 1059
Transformers, construction of, 973, 974,
975
provision for, in substructure, 755,
756
specifications, 983
standard connections, 984, 985
Transition section of intakes, areas of,
539
Transmission, operation of, 1120
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Transmission costs, 229
Transmission liability, 272
against hydro, 232
Transmission lines, 1031
cost of, 231
fundamental and derived econstants
of, 1040-1042
Transmission-voltage wiring, 1003, 1004
Transpiration, 3, 13, 19
Transportation and placing concrete,
374
Trash racks, 541
maintenance of, 1098
Traveling hoists, 600
Trial load method for arch dams, 381,
383
Trimming roof and cleaning invert
tunnels, 699
Tripp, J. (., dams, 378
True output, 154
Tubes, short, flow in, 95
Tunpel grouting, 705
Tunneling, in earth, 694, 695
mn rock, 696
Tunnels, bibliography, 706
blasting, 697
depth of, 694
earth, 694
flow through, 115, 117, 607
forepoling method, 696
full-faced mcthod, 686
geology of, 690
grouting, 705
heading-and-bench method, 700, 701
liner plate method, 635
lining, 704, 705
loading, 690
overbreak, 701, 702
pay-line, 701, 702
rate of progress, 701
rods, 696
roof, 691
sections of, 692, 693
seepage in, 706
shape, 691
size, 691
steel-shield method, 695
supports, 694, 699
unlined, 691
ventilation, 706
Turbines, 811
care of, 1087, 1093
efficiency, preservation of, 1107
efficiency of, 831, 832, 833
governor time, 717, 725
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Turbines, leakage, 1106
operation of, 1104, 1105, 1106
pitting, 1095
representative hydraulic, 812
tests of, 1109
types of, 813
venting of, 895, 1105
Turnbull, W. J., dams, 478
Tygart Dam, 359
Tyler, I. L., concrete, 378
Types of hydro plants, bibliography,
191, 206
Typical daily and monthly discharge,
170, 171
Typical distribution of load, 164
Typical hydro plant, economic analysis
of, 273, 274, 275
Typical individual taintor gate hoists,
596

Undisturbed sampling of overburden,
90

Undular jump, 134

Unlined canals, 621

Unlined tunnels, coefficients of, 115

Unpainted surfaces, 113

Unusual flood peaks, 64, 69

Uplift, in buttress dams, 323, 324, 397

in dams, 322, 397, 480

Uplift and foundation reaction, 335

Upstream blankets, 419

Upstream deck of buttressed dams,
395, 396, 397, 398

Usable flows, computation of average,
184, 185

Use curves, 184

Useful life of hydro developments, 233

U. S. Geological Survey, Water Supply
Papers, 52

Vacuum, at flashboards, 510
at spillways, 322
Values for future return, 286
Valves, air-inlet, 609, 612, 920
air-outlet, 611
blowoff, 617
butterfly, 614
cone, 617
erosion in head, 105
gate, 616
Howell-Bunger, 106, 523, 524, 617
losses in, 105
needle, 521, 522, 524, 614
roto, 617

INDEX

Varied flow, in steep chutes, 141
open channel, 140, 142, 143
Vector representation, 934, 935
Vegetation, effect in yield, 26
influence on runoff, 26
Velocity, erosion in canals, 623
in flumes and scroll cases, 850
in intakes, 549
minimum, in canals, 622, 623
of approach, 99, 119
through intake gates, 556
through trash racks, 547
Velocity-area method of gaging, 41
Velocity head, 129, 130, 131
Velocity head correction, 120
Vena contracts, 96
Ventilation, 698, 773
of generator, 956
Venting of turbines, 895
Vermeule’s runoff equation, 57
Vernon, 597
Vertical concrete spiral setting, 757
Vertical velocity curve, 44
Voltage, adjustment, 951
and conductor size, 1036, 1037
rating, 951 -
regulators, 971, 972, 973
Volume of earth dams, 440
of flood, 78

Wailes-Dore-Hermiston Co., on paint,
656
Warner, J. H., arch dams, 393
Warren, M. M., surge tanks, 753
Wash borings, 89
Water for concrete, 373
Water hammer, Allievi’s charts, 713
arithmetic integration, 719
as affected by relief valves, 725
bibliography, 708, 727, 728
classification, 708
critical governor time, 725
graphical method, 721
turbine governor time, 717, 725
Water power, Bernoulli’s theorem, 130,
131
Water pressure, 319, 320, 321, 33
Watershed, effect of floods on, 69
geological characteristics of, 24
Water-stage recorder, 36, 46
Water supply, 801
Water-supply divisions, 52
Water Supply Papers of U. 8. G. 8., 52
Water surfaces, evaporation, 15
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Waves, height of, 328
suction, 137
Wearing rings, 882
Weather Bureau, 52
Weaver, dams, 481, 493
Weber’s number, 144
Weekly load curves, 249, 251, 252
application of, to load studies, 250
Wegmann, E., dams, 378
Weight, computing submerged, 328
of concrete, 330
of gates, 524
caterpillar, 527
rolling, 527
sliding lift, 525
stoney, 526
taintor, 526
wheeled, 526
Weight constants, 328
Weighted methods for determining
rainfall, 7
Weir measurements, of gaging, 40
Weirs, broad-crested, flow over, 126,
127
measuring, 128
Weiss, Andrew, dams, 404
Welch, P. 8., dams, 378
Welded pipe, 644
Wellons, C. M., gates, 504
Welman, Seaver, Morgan Co., hydrau-
lics, 106
Westergaard, H. M., earthquakes, 331,
378
Wetted perimeter, 114
Wetting embankment, 435
Wheeled gates, 505, 515, 564, 571
hoists for, 587
Wheeler Dam, 547
powerhouse, 760
substructure, 760
Wicket gates, leakage in, 879, 880
Wiley, A. J., dams, 378
Williams and Hazen’s coefficients, 115
Williams and Hazen’s equation, 108
for closed conduits, 113
Williams, C. P, dams, 404
Williams, G. 8., hydraulics, 149
Wilson Dam, Muscle Shoals, flow over,
120, 128
Francis runner, 815
Wilson, W. T., floods, 83
Winfield plant, 191
Winooski Gorge plant, 802
powerhouse, 802
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Winter records, 49
Wires and cables, 1005-1013
Wire-weight gage, 36
Wiring, 988
Wissota intake, 578
Wood flumes, flow in, 112
Wood linings, flow through, 112
Wood-stave flumes, 112
Wood-stave pipe, accessories, 607, 660,
682
bands, 669
diameter of, 671
shoes for, 674
spacing of, 671
steel for, 6870
bibliography, 689
butt joints, 673
coefficients, 116
compression of wood, 674
connections, 683, 684
continuous, 660, 661, 662, 663
cradles, 669
creosoting, 677
flow in, 116
freezing, 681
life of, 678
machinc-banded, 660
painting, 677, 680
pipe supports, 676
radius, minimum, 676
spans and thickness, 677
staves, 666-669
bearing on, 672
swelling of, 674
tongues, 673
Wooden box flumes, 112
Wooden flumes, 634
Woodward actuator, 901
Wording of report, 300
Work, 153, 154
Working bay, powerhouse substructure,
754, 755
Worm-gear hoist, 589
Wright, C. A., spillways, 530

Yadkin Falls development, 567, 572,
582
Yarnell, D. L., hydraulics, 148
Yield, effect of deforestation, 27
effect of vegetation, 26
temperature, 28
Young, A. A, evaporation, 21

Zuider Zee, setup formula, 329





