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280 PRINCIPLES OF IRRIGATION ENGINEERING

results of former experience, and do not realize that this experience
is inapplicable to the new home. '

Many farmers, for example, have been successful in raising grain
by the ordinary or dry-farming methods and do not appreciate that
the cost of irrigation does not justify continuing in this line. They
do not keep sufficiently accurate accounts to know where their losses
-are occurring, and may keep on year after year planting those crops
which are not netting them a sufficient amount to be remunerative.
It is this failure to appreciate the relative cost and values of various
crops which has led to the lack of success and relatively low crop
values throughout a considerable part of the arid regions.

Permanence of Water Supply.—All values rest upon the water
supply. The permanence of this supply, as previously noted, must
be looked into not merely from the physical side, but even more
carefully from the legal, in order to have proper assurance that if
water is found to be in existence the right to the use of it may be
perpetually maintained. The permanence from the physical stand-
point is a matter which may be inferred only from an examination of
records of the past. The assumption is made that whatever has
occurred in the past will probably occur again in the future. Itis
necessary, therefore, to obtain every possible fact concerning the
behavior of the stream from which water is to be obtained and of
similar streams having like conditions. If, for example, it has been
found through observations carried on during ten years, that the
average flow during the summer is 1,000 cu. ft. per second, it is
assumed that this average will be maintained for another ten years.

If there has been a large flood upon this or upon a similar stream,
provision must be made for passing such flood and even a larger one
around the works. On the other hand, if a drought has occurred
allowance must be made for a similar drought with the possibilities
that it may be somewhat more severe.

Provision must be made for all of these conditions based upon
the fundamental conception that nature repeats itself. Our
knowledge is, of course, confined wholly to what has happened in
the past; we make all plans and investments upon the assumption
of the permanency of natural phenomena. It may be that the
period during which observations have been made is abnormal, that
is to say, that for the ten years of observation, there may be more
or less available water than has occurred in previous decades of which
we have no exact records. This is the chance which must be taken,
but experience has shown that by allowing a reasonable margin
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for safety, works may be planned and built upon these as-
sumptions.

Cost of Constructing Works.—The cost of constructing works is
the next topic in order after considering the questions of feasibility as
regards water supply, soil, climate, and crops. It has come to be an
axiom that this cost is generally greater than the original estimate.
This is due not so much to lack of care and thoroughness in prepar-
ing estimates as to the fact that the work is pioneer in its character,
and improvements are suggested or new needs arise so rapidly that
works which were planned in one year as adequate for the purpose
in mind are found to be unsuited or undesirable by the time construc-
tion is well advanced. Many changes must be made, or additional
details provided which were not known or not considered necessary
in the original scheme. It is, of course, possible that an engineer
may plan works and build them exactly as planned and within the
original estimates, but this condition is one which with existing irri-.
gation systems does not take place under ordinary circumstances.

The engineer may plan for certain works to meet the then pre-
vailing conceptions, but the owners or financiers usually conclude
that it is necessary to add certain extensions or modify details such,
for example, as increasing the size of the reservoir, or of the main
canal, or adding a pumping plant. Thus, as a result the works
cost more than anticipated, and, comparing the original statements
of cost with the actual expenditures made it is seen that the latter
are far in excess of the estimates, but the reasons for this are rarely
given.

Men’s ideas with reference to limits of practicability or cost of the
works have rapidly expanded. The small canals built before 19oo
were cheaply executed, the structures were of wood and of tempo-
rary character. The location was made with reference to keeping
the construction cost to the minimum and much of the work was
done by the farmers themselves, no account being taken of what is
generally termed the overhead cost including that of planning and
organization of the work.

At the same time, the estimates of the area watered were very
liberally made. If some water was provided for a farm, it was
habitually stated that the entire area say of 160 acres was under
irrigation, even though water had only been as a matter of fact
applied to a portion of it. The capacity of the canal might not be
enough to supply all of the lands which were claimed to be irrigated.
For these reasons the cost per acre of irrigation was stated at an
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extremely low price, less than $15 per acre. Beginning about the
year 19oo, a cost of $20 per acre for irrigation was considered high,
but when it began to be appreciated that the land with a sure water
supply would yield a large return on a value of $50 or even $100
per acre, it was recognized that larger investments in construction
would be justified. Year by year the limits of assumed feasibility
have been increased, so that by 1gos, it was assumed that $30 per
acre was large, then $40 per acre, and finally by 1910, a cost of rec-
lamation of $60 per acre was not considered prohibitory, for lands
especially in the southern part of the country. In fact, when con-
sideration is had of the great value of orchard lands an expenditure
of $100 or more per acre to provide water is feasible. In semi-
tropical lands, for example, in the Hawaiian Island, where pumping
plants have been erected for raising water for irrigation to a height
of 550 ft., an outlay of several hundred dollars per acre is not con-
sidered out of the ordinary.

In the northern temperate regions, for example, in Colorado and
Montana, for the ordinary field crops an investment of $40 to $60
per acre may be now considered as large but not prohibitory. This
may be increased notably for warmer regions with longer crop
season, such as those of southern Idaho, and portions of Oregon and
Washington. Going south from here to points as in Arizona and Cali-
fornia, where crops grow throughout the greater part of the year, an
increase of so per cent. in the amount above named may be con-
sidered as moderate. _

If estimates are based on the crop production of thoroughly ir-
rigated lands it caa readily be seen that these give a good incomeon
an investment of from $200 to $500 per acre, so that theoretically,
the figures above given could be increased several fold, but as a
matter of fact, under existing conditions, it is hardly safe to figure
on this basis, although it is possible to look forward to a time when
far larger investments than now considered wise will be the rule rather
than the exception.

Other Costs.—It must not be assumed that the cost of an irriga-
tion system is simply that of the engineering or construction. There
are other costs which may equal or exceed these and neglect of
which in the preliminary estimates frequently leads to financial
ruin. These are the somewhat vague and intangible expenses
of the organization, the so-called overhead charges, especially of
commission and interest upon bonds, or upon other securities
issued for comstruction purposes. It is not infrequently the case
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an element of uncertainty in this matter, but it is sufficient to call
attention to the fact that it is not possible in advance of construction
to be sure of railroads and markets and a certain amount of chance
may properly be assumed, and in fact is always assumed, in the
building of these works of reclamation.

The success of the farmer and his consequent ability to repay the
building cost of the works and the expense of operation and main-
tenance, are, of course, dependent upon his ability to dispose of the
crops. On the other hand, there is a certain amount of elasticity
in that the crops can be varied from year to year to suit the changing
conditions. If, for exampie, at first there are no railroad facilities,
he can raise forage crops which are, as a rule, eagerly sought by the
stockmen, and if prices are sufficiently low, cattle and sheep will be
driven into the region for winter feeding or fattening. As trans-
portation facilities improve, crops can be produced which may be
shipped and higher and higher grades of perishable fruits can be
produced.

Security of Investment.—All of these considerations of feasibility
or practicability lead up to the point vital to the investor, namely,
as to whether the money spent in the construction of irrigation works
will be returned within reasonable time, with reasonable profit, and
reasonable interest. In general, it may be said that investments in
irrigation works properly planned with reference to adequate water
supply and climatic and other conditions should be safe and prof-
itable. Assuming that care and intelligence have been displayed in
guarding the rights to the water, in planning and building the works,
and in adapting them to the peculiar conditions, there is nothing
which should be on a similar financial basis, because of the large
annual profits which may be derived by the farmers from intelli-
gently tilling the soil.

Under the above assumptions, the security and the value of the
works to the community is beyond question, as they are vital not
merely to production of crops but to the maintenance of population
and even to the sustenance of life itself. As to whether they will be
profitable or not, this is another matter. It has already been stated
that the speculative profits or those growing out of the increase in
values comes to the owner of the lands rather than to the builders
or owners of the water-supply system as distinguished from the
landowners. The fact that most irrigation projects as such have
not been financially successful, does not reflect upon the value of
the investment, but rather upon the lack of experience, skill and
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good judgment in planning and building and operating the works.
To illustrate the point in mind, the irrigation works may be com-
pared to the foundations of a building. Upon them rests the'whole
social and economical superstructure. Their value and importance
is beyond doubt, but like the foundations of a building they may
return very little, if any, direct profits on the investment. These
come from the superstructure itself, which is carried by the founda-
tions. Of course, if they are poorly designed and imperfectly exe-
cuted, everything built upon them is correspondingly weakened.
Summing up the entire consideration of economic features, it
may be said that we are still in what may be termed the pioneer
stage of development, particularly in the solution of the great
problem of the proper relation of all these matters one to the other.
In each one of the separate details large experience has been had
and it is possible to find a man skilled in engineering or in economics
who can successfully handle each one of these questions or even
several of them, but when it comes to the entire combination, few
men, if any, have had the experience in all the parts needed to pro-
duce success. In other words, each separate part may be properly
designed and operated but the whole assemblage may be a failure.
In this respect the situation is very similar to that in the organi-
zation of a large manufacturing establishment which has been
initiated by men who have not been brought up in this particular
line of business. It may be assumed that each one of a group of
several experts is competent in his specialty; for example, one man
in designing and installing the machinery, another man in the
purchasing of raw material, another in selling, etc., but these men
have never before been associated together and have not grown
up with this particular combination. Thus, we have the condition
where each part may be excellent in itself but the lack of coopera-
tion or of so-called ‘“team-play” prevents the success of the whole,
although this lack of success is not attributable to the defect in any
one operation. It is-this condition which prevails on many of the
large irrigation projects in that the whole assemblage of parts and
their successful operation is still largely in the experimental stages.
Ultimate Results.—The engineer may derive satisfaction from his
work in irrigation not only from the financial returns but from the
consideration of the fact that these works have the largest direct bear-
ing upon the material prosperity not only of individuals and commu-
nities, but of the state and nation. They form the foundations
upon which are built agricultural communities, villages, lines of
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railroad, and the whole social fabric, embracing not only the
farmers, but all of the trades and occupations which have to do
with transporting or manufacturing the materials produced by the
farmer, or designed for his needs.

The engineering works thus not only directly make opportunities
for homes for the men who till the soil, but for every home thus
created there is possibility of another home for the mechanic or
artisan or railroad man who is engaged in supplying the needs of
the farmer or in transporting the raw and manufactured products
from or to the farm. To the investor also there is offered oppor-
tunity for not merely increasing his capital, if intelligently used,
but of obtaining this increase through assisting other men to utilize
the natural resources which otherwise go to waste. Finally, to the
public man or statesman, there is nosubject more fascinating or more
important than that of watching and aiding in the development of
the country through the intelligent conservation and use of these
natural resources.
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Acquiring water rights, 268

Acre-foot, definition, 27

Advantages derived from irrigation, 6

Alignment of canals, 38

Alkali, effect on soil, 138

Amount of water required for irriga-
tion, 34, 158

Applying water to the land, methods

of, 5
Arid regions of the U. S, 8
topographic features of, 10
soil of, 10
regions of the world, 3
Aridity, causes of, 8
Arkansas river underflow, 119
Arrowrock dam, Boise River, Idaho,
250
Automatic gages, 160

Banks, care of, 164

erosion of, 41

material for, 43

roadways on, 56

slopes and widths of, 41
Belle Fourche project dam, 225, 245
Bench flumes, 83
Beneficial use of water, dcfinition, 272
Benefits derived from irrigation, 4
Berm, definition and advantages, 41
Bermuda grass for protecting banks,

165
Bigelow, Prof. Frank, table of evapora-
tion losses, 175
Boring and test pits for dam sites, 192
for drainage information, 147
Bridges, 96
Brush and log dams, 204

Canal and ditch, definition, 5

banks, care of, 164
slopes and width, 41

capacity, 35
determining, 36

channels, sitting of, 46

cross-section of, 38

embankments, 39—43

lining, 55

driers, 167

structures, classification, 61
protection of, 100

systems, definition, 102

Canals, alignment of, 38
and laterals, 102
cleaning, 165
economic construction of, 37
excavation, 47
grades and velocity of, 44
lateral draining of, 57
lined, 55
location, 36
measuring devices for, 97—g9
moss in, 165
narrow versus wide, 39
operating and controlling de-
vices, 65
priming, 164
protection against seepage, 52—55
right-of-way for, 59
Capacities, computation of for reser-
voir sites, 188
Capacity of canals, 35
determining, 36
of culverts, 81
of drains, 147
of laterals, 105
of outlets, 248
of spillways, 197, 259
of turnouts, 70
Care of banks, 164
Cement tiling drains, 144
Centrifugal pumps, 120
Character of water supply, 15
Check system of applying water, 6
Checks and drops, 71-78
Cippoletti weirs, 111
Classification of canal structurcs, 61
Classifying excavation, 49
Cleaning canals, 165
Clear Lake, Ore., dam, 226
Climate, soil and creeps, 278
Climatic, conditions, 14
Closed drains, 144
Cold Springs, Ore., dam, 225
Compacting earth dams, 218
Compressed-air pumping plant, 127
Conconully dam, Okanogan project,
218, 251
Concrete dams, 238
drops, 74
core walls in earth dams, 220
flumes, 86
Constancy necessary in water supply, 18
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Construction of bridges, 96
of canals, 37 .
of checks and drops, 71-78
of culverts, 80-83
of dams, 194-197
of earth dams, 214
of fishways, 257
of flumes, 8389
of headgates, 62
of masonry dams, 232
of outlet works, 248-262
of rock-fill dams, 227
of siphons, 92—95
of sluice gates, 79
of spillways, 79, 196, 258, 259-261
of tunnels, 8192
of turnouts, 67
of water cushions, 75
Continuous flow system of water dis-
tribution, 153
Contour maps, 105
for reservoir sites, 187
Controlling apparatus, 65
Core walls in earth dams, 219
Cost of canal riders, 167
of constructing irrigation works,
281
of excavating, 49
of hydroelectric pumping plants,
131
of irrigation by windmills, 123
of pumping, 132
of operation, 167
of reservoirs, 184
of storage, 183

of test pits and borings for dam

sites, 193
Crib and pile dams, 207
dams, 205
Crop values increased by irrigation, 6
Crops, soil and climate, 278
Cross-section of canals, 38
of laterals, 108
of masonry dam, 235
Cross-sectional area of culverts, 81
area of streams, determining, 31
Croton watershed, New York City,
dam, 245
Crushing strength of stone, 241
Culverts, 80-83
Curved masonry dams, 239
Curves in canal construction, 38
Cut-off trenches for earth dams, 222
walls, 67
Cycles of precipitation, 20

Dam construction, 194-197

Dam foundations, 191
selection of proper type of, 199
site, surveys of, 190

INDEX

Dam sites, borings and test pits, 192
Dams, crib, 205
earth, 211-225
construction of, 214
core wall, 219
cut-off trenches, 222
drainage, 224
dikes, 224
examples, 225
foundation, 211
limit of height, 225
materials for, 212
placing materials, 214
protection of slopes, 223
puddle core, 221
section of, 213
seepage under, 213
site for, 211
water-tight face, 221
elementary forms of, 200
framed, 208
internal stresses, 240
kinds of, 200
log and brush, 204
masonry, 232-247
concrete, 238
curved, 239
foundations, 235
heights, 245
multiple arch, 239
overflows, 242
protection of toe from erosion,
244
rubble concrete, 223
safe foundation limits, 214
section, 235
typical, 245
principal storage and diversion
table of, 247
rock-fill, 226231
advantagesover carth dams, 227
foundation, 228
matecrials, 228
section and slopes, 229
seepage, 231
site, 227
water-tighting, 230
timber, 200~210
conditions of stability, 203
limits of height of, 209
types of, 204
use of, 202
water-tightness, 204
when applicable, 202
Dclivery boxes, 110
points of water, 109
Depth of drains, 148
Desert Land Act, provisions of, 265
Design of spillways, 259
Determination of storage required, 279
of storage supply, 171
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Dikes, 224
Discharge of streams, computing, 31
Distance betwcen drains, 149
Distributaries, lume and pipe, 113’
Distribution of water, 152
continuous flow system, 153
periodic rotation system, 154
systems, 103
Ditch and canal, definition, §
Drainage, benefits of, 138
classification, 136
effects of, on soil, 142
investigation, 146
lateral, of canals, 57
need for, 136
of carth dams, 224
Drains, capacity of, 147
depth of, 148
distance between, 148
grades and velocity of flow, 150
open and closed, 143
relief and intercepting, 145
Drops and checks, 71, 78
notched, 77
vertical and inclined, 71
Droughts and floods, 32
Duty of water, definition, 157

Early methods of irrigation, 3

Earth dams, 211-2235
construction of, 214
core wall, 219
cut-off trenches, 222
drainage, 224
dikes, 224
examples of, 225
foundation, 211
limit of height, 225
materials for, 212
placing materials, 214
protection of slopes, 223
puddle core, 221
section of, 213
seepage under, 213
site for, 211

. water-tight face, 222

East Park dam, 237

Conomic questions in storage, 181
~lementary forms of dams, 200
mbankments, 39, 43

consolidating, 49

Equivalents in hydraulic computation,

29
Erosion at flume ends, 88
of canal banks, 31
protection of dam toe from, 244
of spillways against, 261
Estimating cost of excavating, 49
Vaporation losses, 106
E loss in storage, 175
Vaporation’s effcct on runoff, 23
19
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Excavating, estimating cost of, 49
machinery, 48
Excavation, classifying, 49
of canals, 47
specifications for, so
Experience valuable in irrigation, 7

Facing earth dams, 221
rock-fill dams, 230
Farming, intensive, 13
Feasibility of irrigation, 275
Fishways, 256
Flash boards, 65
Flood water, value of storing, 18
Flooding system of applying water, 5
Floods and droughts, 32
Flow in drains, velocity, 150
Flume distributaries, 113
Flumes, 83, 88
and trestles, 58
rating, 111
velocity and flow of water in, 88
Foundation of earth dams, 211
rock-fill dams, 228
Foundations of masonry dams, 235
for dams, 191
safe limits for, 241
Forest reserves, 10
Framed dams, 208
Freezing, effect of on canal lining, 55
Frequency of irrigation, 156
Fresno scrapers, 48
Furrow system of applying water, 6

Gaging station, 31
Gasolene and oil plants, 124
Gatc towers, 250
Gates, valves, 256
character of, 255
operation of, 252
outlet, location of, 250
vibration of, 253
Gila river, discharge of, 16, 17
Grades and velocity of canals, 44
of drains, 150
Granite Reef, Ariz., dam, 242
Green river, discharge of, 106, 17
Ground water, definition, 140

Headgates, 62
Height, limit of, of timber dams, 209
maximum, for pumping for irriga-
tion, 135
Human element in irrigation work, 162
Huntley water power pumping plant,

123
Hydraulic computations, list of equiv-
alents, 29
rams, 12§
sluicing, 216
Hydroelectrical power, 127
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Hydroelectric .power, computing, 129
Hydrographic conditions limiting stor-
age, 172

Intensive farming, 13
Intercepting drains, 145
Internal stresses upon masonry dams,
240
Irrigation, amount of water required
for, 34
benefits derived from, 4
by windmills, 123
definition, 1
feasibility of, 275
frequency of, 156
head, definition, 107
history and development, t
increases land values, 277
in the U. S,, first development, 3
season, length of, 155
system, maintenance, 163
systems, human element in, 162
versus non-irrigation, 6

Kennedy, R. C., onsilting of canals, 46

Land and water ownership, 273
Land values, 276
Lands, arid, preparation of for irri-
gation, 12
Laguna Dam, 67, 195
Latcral drainage of canals, 57
systems, surveys for, 104
Laterals, 102
accessibility to, 114
capacity of, 103
cross-section of, 108
location of, 107
Laws, of early times regulating water
supply, 2
Length of irrigation season, 155
Lined canals, 55
Lining for tunnels, g1
Locating an irrigation project, 13
Location and type of spillways, 260
of canals, 36
of laterals, 107
of outlets, 248
Log and brush dams, 204
Loss by scepage, 173

Machinery for excavating, 48
Maintenance, cost of, 167

of irrigation systems, 163-169
Maps for dam site, 191

of reservoir sites, 186
Markets and transportation facilities,
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Masonry dams, 232-247

rubble concrete, 233

foundations, 235

INDEX

Masonry, section, 235
concrete, 238
curved, 239
multiple arch, 239
internal stress, 240
safe foundation limits, 241
overflows, 242
protection of toe from erosion, 244
heights, 245
typical, 245
Material for canal banks, 43
for flume construction, 86
Materials for dams, 194
for earth dams, selection, 212
placing, 214
for rock-fill dams, 228
Measurement of water, methods, 30
supply, 26
used, 160
Measuring devices, 97, 111, 161
miner’s inches, 28
streams, 31-32
water, methods of, 27
Mechanical meters, g9
Metal flumes, 86
Meters, 99
Methods, 4 .
of acquiring water rights, 269
Miner’s inch definition, 28
of application, 5
Minidoka project, loss by seepage, etc.,
160
Mining and irrigation interdependent,
13
Moss destruction in canals, 165
Multiple arch masonry dams, 239

Newlands Reclamation Act, 266

North Platte project, loss by secpage,
etc., 160

North Platte River dam, 246

Oil and gasolenc plants, 124
Okanogan project dam, 218
Open drainage ditches, 150
Operation, cost of, 167
of irrigation works, 152-169
Operating and controlling device, 65
Organic vegetable mattcr lacking in
arid soil, 12
Orifice, submerged, 112
Orland project, Calif., dam, 237
Organization for operation of irriga-
tion system, 166
Outlet gates, location of, 250
operation of, 252
vibration of, 253
character of, 255
Outlets, 248-262
capacity, 248
location, 248
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Outlets, of gates, 250
gate towers, 250
operation of gates, 252
erosion, 252
vibration of gates, 253
character of gates, 254
fishways, 256
spillways, 258-262

Overflow masonry dams, 242
spillways, 79

Ownership of water apart from the

l‘;nd, 273
Owl Creek, S. D., dam, 225

Pathfinder, Wyo., dam, 246
Permanence of water supply, 280
Permanent canal structures, 61
Permeability of canal banks, 43
Periodic droughts, 32 .
rotation system of water distri-
bution, 154
Piling core walls, 220
Pipe distributaries, 113
Points of delivery of water, 109
Possibilities derived from irrigation, 6
Power for pumping, 121
Precipitation, cycles of, 20
at Salt Lake City, 20
Preparing land for irrigation, 12
Priming canals, 164
Priority rights protected, 271
Protection of canal structures, 100
of priority claimants, 271
Puddle core walls, 221
Pumping, cost of, 132
feasibility of, 134
for irrigation, maximum lift, 135
plants, 116~135
plant at Huntley Montana, 126
at Minidoka Project, Idaho, 130
power for, 121
steam power for, 123
systems, water supply for, 117-119
Pumps, character of, 120

Quality of water supply, 33

Ramming earth dams, 219
Rainfall and runoff, ratio between, 21
divergence in, 19
Rate of flow, definition, 27
Ratf'ng flumes, 111
Ratio between rainfall and runoff, 21
Recording systems, 167
Records of stream flows 198
Relief drains, 143 ’
Reservoir losses, '
s_ite, choice of, 188
sites, survc_‘,s’ 186
computation of capacities, 188
Reservoirs, requirements For sites, 185
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Reservoires, shallow versus deep, 189
table of costs of, 184

Ridges, 103

Right-of-way, 115
for canals, 59

Rights to water, method of determina-

tion, 264

Riparian rights, 267

Rivers, action of waters of, 16
underflow of, 119

Roadways on canal banks, 56

Rock-fill dams, 226-231
advantages over earth dams, 227
sites, 228
foundation, 228
materials, 228
section and stapes, 229
water-tighting, 230
seepage, 231

Roosevelt dam, Ariz., 245

Rubble concrete dams, 233
masonry dam, typical, 234

Runoft affected by evaporation, 23
amount possible to be stored, 172
annual, 170
comparison of, 26
definition, 20
in inches, definition, 29 .
influences affecting, 21
on different watersheds, 23
ratio of, to storage capacity, 177

Sagebrush for wind shield, 12
San Leandro, Calif., dam, 225
Salt Lake City, annual precipitation
at, 19, 20
Valley, first irrigation in the U. S.,

3
Salt River project, Ariz., dam, 246
Screen, 100
Salts in water supply, 33
Second-foot, definition, 28
Section of earth dam, 213
of rock-fill dam, 229
Sections and slopes of some principal
canals, 47
Security of investment, 284
Seepage, guarding against, 101
loss by, s, 36, 106, 159, 173
prevention of under earth dams,
213
protection against, 52-55
through earth dam, 219
through rock-fill dams, 231
Shoshone dam, Wyoming, 197, 246
Side-hill lumes, 84
Silt, prevention, 66
Silting of channels, 46
Siphon foundations, 94
materials, 93
Siphons and inverted siphons, 92—95
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Site for earth dams, 211
Sites adapted to rock-fill dams, 227
for dams, 190-199
for reservoirs, 185-188
Sluice gates, 66, 79
Slopes of earth dams, protecting, 223
of rock-fill dam, 229
Soil, effects on, of alkali, 138
of drainage, 142
of the arid regions of U. S., 10
studying in drainage, 150
Source of water supply, 15
Specifications for excavation, 50
Spillways, 79, 196, 258-262
requirements, 258
design, 259
capacity, 259
location and type, 260
grades and velocity, 261
erosion, 261
Stability of timber dams, 203
State control of water, 266
Steam power for pumping, 123
Stone, crushing strength of, 241
Storage capacity, ratio of runoff to, 177
cost of, 183
economic questions in, 181
hydrographic conditions limiting,
172
losses from seepage, 173
from evaporation, 175
of flood water, 18
required, determination of, 179
supply, dctermination of, 170
Strawberry River dam, 221
Valley tunnel, 89
Steam flows, records of, 198
measurement, 32
Streams, determining cross-sectional
area, velocity and discharge,

31
underflow of, 118
Sub-irrigation, 6
Sudbury River, Boston, dam, 243
Surface drainage, 136
Surveys for distribution systems, 104
of dam site, 190
of reservoir sites, 186
Susquehanna River, discharge of, 16, 17
Systems of applying water, 35, 6

Tabeaud, Calif., dam, 225
Table, cost of reservoirs, 184
monthly evaporation losses, 176
mean annual runoff for various
water-sheds, 24, 25
principal storage and diversion
dams, 247
sections and slopes  of
principal canals, 47
Temporary canal structures, 61

some
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Test pits and borings for dam sites, 192
Timber dams, use of, 202
where applicable, 202
conditions of stability, 203
water-tightness, 204
types of, 204
limits of height of, 209
Topographic features of arid region of
U. S, 10
surveys for lateral systems, 104
Towers, gate, 250
Transportation facilities, 283
Trestle flumes, 84
Truckee-Carson project, loss by seep-
age, etc., 160
Tunnels, 89—92
lining for, g1
Turbines efficiency of, 131
Turnouts, 67
Typical masonry dams, 245

Umatilla project, Ore., dam, 246, 249
loss by seepage, etc., 159 ’
Uncompahgre Valley tunnel, 89
Underground drainage, 136
Underflow of streams, 118
Undulating areas, 103
Uniformly sloping planes, 103
United States, ard regions of, 8
early irrigation works in, 3
origin of water rights in, 264
rainfall of, 19
Reclamation Service canals, 47
Service, specifications for ex-
cavation, so—52
Units of water mcasurement, 27
Upper Deerflat Reservoir, Idaho, dam,
245
Upward pressure in masonry dams, 239

Valves, gate, 256

Vegetable growth in canals, 166

Velocities and grades in canals, 44

Velocity and flow of water in flumes,
88

of strcams, measuring, 31
Vibration of outlet gates, 253

Wasteways, 70

Water, “bencficial use’ rule, 267
common property of all, 265
cushions, 75
delivery schedule at Villiston, N.

D., plant, 157
distribution, 152
continuous flow system, 153

periodic rotation system, 154
duty of, definition, 157
loss in transit, 52, 53
losses, measurements of, 159
measurcment, methods, 30
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Water measurement, units of, 27

methods of measuring, 27

plane portrayal, 147

points of delivery, 109

power for pumping, 125

proper amount to use, 158

rights, definition, 263
origin of in U. S., 264
riparian rights, 266
acquisition of, 268
theory upon which granted, 271
apart from lands, 273

state control of, 266

soluble salts in, 33

supply, amount required, 34
for pumping systems, 117-119
permanence of, 280
priority of appropriation, 266
measurement of, 26
quality of, 33
source and character of, 15
study of, 18

Water-tight face of earth dams, 221
-tighting rock-fill dams, 230
-tightness of timber dams, 204
under-ground fallicies concerning,

118
used, measurement of, 160
velocity and flow of in flumes, 88
-shed, character of, 22
-sheds, varying runoff on, 23-25%

Weight of masonry dams, 241

Weirs, rectangular and Cippoletti, 111
use of, 98

Wells, test, for drainage, 150

Williston, N. D., schedule of water

delivery, 157

Windmills, 123

Yadkin river, discharge of, 16, 17

Yakima project, loss by scepage, etc.,
160

Yuma siphon, g3
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