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UTILIZING OUR WATER SUPPLY.

115i A. J. AicCiatcijie.

INTRODUCTION.

OBJECT OF BULLETIN.

The purpose of this bulletin is to set forth the salient facts
concerning our water supply, that there may be as full informa-
tion upon the subject as possible. In preparing the bulletin two
classes of readers have been kept in mind; i. the permanent
citizens who are interested in the development of the Territory
along conservative, substantial lines, and 2. those who are un-
familiar with our conditions and will welcome information upon
the subjects discussed. For the benefit of the latter class, much is
given that will be familiar to the older residents.

In Bulletin No. 41, "Irrigation at the Station Farm," were
given the results of the investigations made up to date as to the
amount of water needed by various crops, the rturns, per acr of
land and per acre-foot of water, from the application of a given
amount of water, and the best methods of irrigating various crops.
In this bulletin these data are used, along with others, as a basis
for a discussion of the best means of utilizing the water supply of
Arizona, especially that of the Salt River Valley.

AGRICULTURE THE BASIS OF WEALTH.

Agriculture is the basis of the wealth of every region. The
immediate source of the income of acommunity may be commerce,
manufacturing, milling, or stock-raising, but all of these indus-
tries are dependent upon agriculture for their continuation. The
cultivated fields are the source of the food supply that all must
have, and without which no industry can exist. The more
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abundant agricultural products are, the more economically, and,
consequently, more successfully, can the manufacturer or the
miner carry on his operations. Thus, the more successful the
farmer, the better do all industries thrive. The farmer's welfare
and the welfare of all other classes are inseparably connected.
Hence, all classes are, whether they realize it or not, interested in
the agriculture of the country.

LAND TIlE DESIDERATUM IN HUMID REGIONS.

In humid regions, where the clouds furnish directly to the
soil the water needed for the growth of crops, land is the im-
portant factor to be reckoned with. Upon the nature of the sur-
face of the land depends what it will produce. The agricultural
products of these regions are limited by the extent, the arableness,
and the fertility of the farming lands. The water furnished these
lands by rain-fall being a factor over which the farmers have no
control, and presumably falling on all lands alike in a given lo-
cality, has no effect upon the comparative value of the lands of a
community. The nature of the land, and the skill and intelligence
of the farmers determine the amount of the agricultural products
of the farms of the locality. It is consequently quite natural that
those living in humid regions, or those recently from a humid
region, do not, and in one sense cannot, fully realize the importance
of water in other regions.

WATER THE DESIDERATUM IN ARID REGIONS.

In arid regions, where the clouds do not furnish directly to the
soil sufficient water to grow crops, and that falling directly upon
the land must be supplemented artificially by water that has fallen
elsewhere, land, instead of being the single factor to be reckoned
with, as in a humid region, is simply one of two factors. And in
most cases it is the less important of the two factors. In most
sections of the arid West, there is more arabic, irrigable land than
the rain-fall, directly or indirectly, furnishes water for the cuittire
of. Land is therefore of less importance than the water that must
be applied to it to make it productive. Consequently, in the arid
regions, water is the most important factor to be reckoned within
considering the productiveness of a region. Upon the water sup-
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ply and the manner, of its utilization depends the prosperity of
such a locality. Putting together the two propositions; i. that
agriculture being the basis of wealth, the prosperity of all classes
depends upon the prosperity of the farmer, and 2. that water is
the farmer's desideratum in an arid region, it follows, that all
classes are, whether they realize it or not, interested not only in
agriculture, hut in the amount and proper utilization of the water
supply. A thorough knowledge concerning all questions per-
taining to the water supply of an arid region, and concerning the
best manner of utilizing it, is therefore of the greatest importance.
It is because the writer feels this to be especially true of Arizona,
that he has undertaken to present the subject as he does in the
following pages.

Because more data are available upon the water supply of the
Salt River Valley than upon that of any other region in Arizona,
the discussion of the water supply is confined to that of this val-
ley. But it is believed that much that will be found on pages
that follow will apply to the rest of the agricultural districts of
Arizona.

SOURCE O WATER SUPPLY.
IXTEN'P OF WAThRSHED.

With the exception of a few wells that furnish comparatively.
small amounts of irrigating water, the water supply of the valley
comes from the Salt River. This river and its tributaries drains
the area in Arizona lying between the watershed of the (lila River
on the south, the watershed of the Little Colorado River on the
north, nd the watersheds of the Agua Fria River and Big Wil-
liams Fork on the west. Its watershed is an irregularly shaped
mountainous section having an area of over 12,000 square miles.
Of this area, the Verde River, its principal tributary, drains a
little less than one-half. The largest tributary of the Salt River
above the mouth of the Verde is Tonto Creek. The area drained
by the Salt River and its tributaries is composed mostly of Indian
and Forest reservations, a large share of it being timbered. It has
been used in the past principally for grazing.
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AMOUI'T OF PRECI1ITATION.

The rainfall in this area is nearly if not quite as great as that
in any part of the Territory, as judged by a record of more or less
length kept at six places in the region. The mean precipitation,
as recorded at these stations, has been as follows:

Fort Apache, 1875 to 1901 19.0 inches
Fort McDowell, 1866 to 1891 10.4
Fort Verde, 1868 to 1891 13.2
Fort Whipple, 1887 to 1896 16.1
Natural Bridge, 1890 to 1901 18.6
Payson, 1891 to 1893, and 1897 18.3

Average ...,... 15.9

Of the above, Fort Apache and Payson are located in the
watershed of the Salt above the mouth of the Verde and the
other four in the watershed of the Verde. It will be
seen that, judged by the record at the above stations, the rainfall
is lighter in the watershed of the Verde than in the remainder of
the watershed of the Salt and its tributaries. Hence, though the
area of the Verde watershed is almost the same as that of the
Salt above the mouth of the former, the amount of water that
flows from the Verde watershed is much less than the amount that
flows from the Salt watershed above the mouth of the Verde, the
Verde River contributing, according to available records, about
40 per cent of the total flow of the Salt River.

FLUCTUATION IN WATER SUPPLY.

The Salt River, like all streams having a watershed with
many steep slopes, is subject to great variations in its flow. Its
variableness is further accentuated by the aridity of the region
from which its waters come, and through which they flow. Much
of the water falling during the winter rains runs off rapidly, and
causes sudden rises in the river. The winter snows change the
flow of the river more gradually, but sometimes melt so rapidly in
the spring as to cause a heavy flow. Owing to the hot, arid con-
dition of the atmosphere and of the surface of the watershed, the
heavy mountain rains of summer do not raise the river propor-
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tionately to the precipitation, only a small percentage of the rain-
fall reaching the valley below. During the summer periods of
no rainfall the evaporation is so great that the river is very much
reduced by the time it flows out into the valley. These condi-
tions combine to make a great difference between the winter and
the summer flow. After heavy rains in the mountains, especially
during the winter, the Salt River is sometimes unfordable fir
weeks, while during the hot, dry weather of summer it is some-
times reduced to a mere brook, the flow during the winter
months of some years being ten to twepty times what it is during
some months of the following summer.

The amount that flows down the river during any one month
varies also very much from year to year. For example, during
February, 1891, the flow of the Salt River was nearly one hundred
times as great as the flow of February, 1902. The variation in
the flowduring January, March, and April of different years is
also great, the amount during each of these months being over
ten times as great some years as during others. During May,
June, and July the variation from year to year is not so great, the
flow rarely being heavy during any year. The flow from August
to November, inclusive, is more variable, and that during Decem-
ber of some years is fifteen times as great as during the same
month of other years.

This fluctuation in the water supply is one of the most serious
ccniditions that the valley experiences. There being no way of
foreseeing, during most of the year, what the water supply of the
succeeding months is to be, farmers cannot plan their operations
definitely. During autumn and early winter, when much of the
seeding is done, the prospective water supply of the season is
usually problematic. Until the winter rains come, or until the
time during which they are expected is past, there is no way of
judging how much of grain or of other annual crops it is wise to
undertake to raise. During some autumns, the operations of farm-
ers are limited by the lack of water for moistening the soil
before plowing, and the area sown is thus restricted, regardless of
what the ultimate water supply of the season iiiay be.

The water supply of spring is usually less problematic, the
flow of the river during March, April, and May corresponding
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more or less closely with the precipitation of winter. If there is
an abundant fail of rain or snow during winter, a proportionately
large spring supply of water can usually be counted on. But if
the winter precipitation be light, a small spring supply of water
can be predicted with considerable certainty. As has been stated
above, the supply of water from May to July, inclusive, is never
large, and the summer rains are looked forward to with much ap-
prehension. A heavy mountain rainfall during the latter part of
July and during August may result in such an increase in the
water supply, as to greatly benefit the farmer.

There being no public supervision of the distribution of the
water supply, no regular giving out of information concerning
the amount of water in the river from day to day, and (in much of
the valley) no notification as to when or how long the irrigating
water will be turned through a farmer's head-gate, the uncer-
tainty of the water supply is thus greatly increased beyond
that necessarily caused by natural conditions.

AMOUNT OF' TOTAL \VAT1R SUPPLY.

SOURCE OF DATA.

What the flow of the Salt River has been during the thirty-
five years since white settlers first came to the valley is not def-
initely known. Previous to i888, few if any measurements of
the water of the river were made. Canals were constructed and
appropriations of water declared, without any definite knowledge
as to what the amount of the water supply was. Since August i,
i888, measurements of the Salt River below the mouth of the
Verde and measurements of both the Salt River and the Verde
River above the mouth of the. latter have been made for periods
of varying lengths, the combined records covering most of the
time since that date. These measurements were made under the
direction of the Geological Survey, the Arizona Canal Company,
the Hudson Reservoir Company, and the Water Commissioner.
While they are not all accurate, yet they give a pretty fair idea'of
what the flow of the river has been during the past fourteen years,
the results of the measurements being considered of sufficient value



Fig. 3. View at U. S. Geological Survey gauging station on Verde River, March, i9o.

of the flow of the river, and in the table and in the diagrams that
are inserted later, the flow tentatively given, is estimated from
the rainfall. The precipitation was comparatively so light dur-
ing these periods that it is not believed that the flow could have
been very far from the estimates given, and hence the results are
probably affected very little either way by these estimates.
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to be used as a basis for calculations in the discussions that follow.
Sincere thanks are due Arthur P. Davis, Hydrographer of the
Geological Survey, H. P. Robinson, Fngineer of the Arizona
Canal Company, and Frank P. Trott, the present Water Commis-
sioner, for rendering available the results of measurements made.

For the periods February to May, inclusive, 1892, and June
to December, inclusive, 1894, the writer has secured no records
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IS THE PERIOD COVERED TYPICAL,?

There is no way of knowing definitely whether, as to precip-
itation and river flow, the period of which we have a more or
less accurate record has been a typical one or not. The indica-
tions are, however, that the past fourteen years as a whole does
not represent the average of what has occurred in the past, and,
consequently, does not represent the average of what is likely to
occur in the future. For example, such an excessive river flow
as occurred February, 1891, does not seem to have occurred as
often as once in fourteen years in the past. 1'he Pima Indians
tell of the occurrence of but one other such "flood" during the
past seventy years; and it is the only one that has occurred dur-
ing the thirty-five years that the river has been under the obser-
vation of white people. Omitting the record for 1891, the average
flow of the river for February of the remaining thirteen years is
less than half what it is with the figures for this year included. In
other words, according to the records, the flow of the Salt River
during February, 1891, was greater than the combined flow of the
other thirteen Februarys included in the period covered.

On the other hand, the precipitation and the consequent river
flow of the past five years have been much below the average of
the entire period of which there are records. Precipitation records
have been kept for varying lengths of time at several points in the
watershed of the Salt river and its tributaries for thirty-five years.
Judged by these records, there has not been during that period
another five years of equally low average precipitation.' Not in
Arizona alone has this droughthy condition existed, but in the
Southwest as a whole the precipitation has been below the average
of the period during which records have been kept: Hence, while
the experience of the past five years may well serve as an indica-
tion (it might be better to say a warning) of what may occur
again, it does not seem probable that the records of these years
will be duplicated during each fourteen years of the future history
of the valley.

UNITS OF WATER MEASUREMENT.

Before proceeding further with the discussion of the amount
of our water supply, it will be well to come to an understanding
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with the reader as to the units of measurement that shall be used.
Of the two units employed in the measurement of flowing water
in the irrigated regions of the country, the second-foot is coming
into more and more general favor, on account of its definiteness,
and on account of the ease with which computations are made by
its use. A second-foot is the flow of a cubic foot during each
second of time.

Of the various, units used for epressing the quantity of a
body of water at rest, the acre-foot is the one used almost exclus-
ively in speaking of irrigating water. As this is the term employed
most in this bulletin in expressing quantities of water, it will be
necessary to clearly define this unit. An acre-foot of water is simply
enough water to cover an acre one foot deep. In giving the flow
of the river and the amounts diverted by canals, in discussing the
duty of water, and in considering reservoirs, the acre-foot is the
term employed in the following pages, to express quantities of
water. The quantity of water flowing down the river, or through
the canals, during each of the several months of the period covered
is expressed as if it had flowed out upon the land and come to
rest. For example, if the river flow of a particular month is
given as 8o,000 acre-feet, it is meant that enough water flowed
down the river during the month to cover 8o,000 acres one foot,
or 40,000 acres two feet, or o,000 acres four feet deep. If it is
stated that a reservoir contains, or has a capacity of 400,000 acre-
feet, it is meant that the content is, or may be, sufficient to cover
Ioo,000 acres, for example, four feet deep. For the benefit of
those who are more familiar with the miner's inch as a unit of
measurement, it will be well tO state that a flow of twenty inches
for twenty-four hours equals,approximately, an acre-foot of water.
It will also be well to state that a second-foot equals forty miner's
inches in this region, and that a flow of a second-foot (one cubic
foot per second) for twelve hours would consequently equal ap-
proximately an acre foot. A fuller discussion of the above terms,
and of the methods of water measurement, may be found in Bul-
letin No. 41.

TABULAR STATEMENT OF RIVER PLOW.

In the accompanying table the flow of the river is expressed
in thousands of acre-feet. It is not thought necessary to state the
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flow in more accurate terms, since the purpose simply to furnish
to the reader, in small compass, a general conspectus of the
monthly amount of the total water supply during the past four-
teen years, and of the extent to which it fluctuates. Moreover,
it is not claimed that the results of the river measurements are
entirely accurate; hence, it is not considered essential to give th
available figures in full.

TABLE 1.MONTHLY FLOW OF SALT RIVER IN THOUSANDS OF
ACRE-FEET.

HOW MUCH LAND WOULD THE TOTAL SUPPLY IRRIGATE?

It will be seen that the total water supply has ranged from
277,000 acre-feet to 3,302,000 acre-feet per year, or from enough
to cover the 275,000 acres of land under the canals of the valley
one foot deep to enough to cover the same area over ten feetdeep.
The yearly average, 1,206,000 acre-feet, has been enough to cover
the irrigable area of the valley 4.4 feet deep, if it could all have
been diverted from the river and then caused to reach the land to
be irrigated without any loss. But a loss of 15 to 35 per cent, de-
pending on the time of the year, must be counted on. W. II.
Code, Special Agent of the Office of Experiment Stations, in his
report on "Irrigation in Arizona" in Bulletin No. I 04 of the above
office, estimates the yearly loss from waste, seepage, and evapora-

Jun. Feb. Mar. Apr. May June July1 A ug. Sept. Oct. Nov. Dec. M'tI11

21 21 20 50 410
366 144 537 2(13 64 28 30 25 31 27 34 350 1,872, 156
306 560 395 109 56 30 32 29 139 160 280 385 2,691 224
210 2175 300 160 1501 79 46 48 34 30 80 40 3302 275

41 170 50 60 30 22 24 18 27 30 33 19 524 44
33 83 188 86 48 18 35 100 65 46 35 38 770 64
17 32 86 50 40 30 30 60 60 60 30 170 665 55

592 150 260 126 49 24 18 58 31 119 100 82 1,621 135
52 44 92 77 38 19 91. 106 68 55 53 42 737 61

312 107 236 413 91 30 18 45 139 48 33 35 1,507 126
44 71 78 69 39 19 56 61 42 18 23 34 554 46
42 38 41 44 25 17 38 70 33 45 26 26 445 37
27 24 24 25 29 10 7 18 14 22 50 27 277 23
532:1,5 120 (11 49 19 27 6717 15 23 23 718 66
24 23 211 36

154 276 175 111 54 26 35 67 52 50 57 120 1,206 106

Year

1888
1889
1890
1891
1892
1893
1894
1895
1890
1897
1098
1890
1900
1901
1902
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tion to be 20 per eent from the time the water is turned into a
canal until it reaches the water user. But there would be some
previous loss between the points at the head of the valley, where
therecords of the river flow have been made during considerable
of the period, and the head-gates of the canals. Apparently, a
deduction of 25 per cent should be made from the above
figures, leaving enough to cover the land under the
canals of the valley 3.3 feet deep each year. As will be set
forth later when the subject of the duty of our water
supply is discussed, 3.3 acre-feet per acre annually is
hardly sufficient for successful and economical farming in the val-
ley. Hence, the entire discharge of the Salt River during the past
fourteen years, if its flow had been uniform from year to year and
had all been utilized, would not have been more than sufficient to
have properly irrigated the land now lying under irrigation
canals.

But the river did not flow uniformly, discharging during
some years far more than could be diverted and used, and during
other years far less than enough to properly irrigate the area
under the canals. Hence, in order to render the total water sup-
ply available, it would be necessary, when the flow of the river is
greater than can be diverted, to impound the surplus water for
use during other parts of the year, and during subsequent dry
years. This would entail further loss from seepage and evapora-
tion from the storage reservoirs, and would make necessary another
deduction from the total supply.

It thus becomes quite evident that if all the water that has
flowed down the Salt River and its tributaries during the past
fourteen years had been utilized by all practical means, the supply
would have been insufficient to have irrigated properly the 275,-
000 acres of land now lying under the canals of the Salt River
Valley. This is a very important fact that must of necessity be
taken into consideration in planning irrigation enterprises. If it
had been taken into consideration sooner, much loss of capital,
much hardship, and muchlitigation might have been obviated. It
seems to the writer that it is time that the facts be known, that
they may be acted upon intelligently from now on. Nothing can
be gained for the permanent good of the valley by remaining



UTILIZING OUR WATER SUPPLY. 7i

ignorant of the facts ourselves, nor by keeping others ignorant of
them. On the other hand, the more fully the actual facts are
known, the more wisely can we plan for the permanent develop-
ment of the valle. It is with the purpose of giving, as far as
practicable, the fuIlet information on this most important subject
that the Station issues this bulletin, with the belief that the great-
est good to the greatest number will thus be brought about.

AMOUNT OP AVAILABLE WATER SUPPLY.

DISTINCTION BETWEEN TOTAL AND AVAILABLE WATER SUPPLY.

On previous pages was discussed the amount of the total
water supply of the valley. It became evident then that the total
supply during the past fourteen years had been considerably
more than had been, or is now, available for irrigation. The amount
available is limited during parts of most years by the capacity of
the canals of the valley. They commonly divert as great a por--
tion of the flow of the river as their combined carrying capacity
permits. During part of every year, and during most of some
years, all the water that cOmes down the Salt River is diverted
into the canals, none flowing above ground past Phoenix during
such times. When this is the case, the total water supply and
the available water supply are the same. But when more water
comes down the river than the canals can divert, the surplus water
must necessarily flow on, most of it to the ocean.

TABULAR STATEMENT OF AVAILABLE WATER SUPPLY.

We do not know how much of the total water supply has
been rendered available by being diverted from the river, during
all of the fourteen years of which we have a more or less accurate
record of the river flow. But for the last seven and one-third
years of the fourteen, Water Commissioner Trott has kept and re-
ported a record of the amount of water diverted by the canals
of the valley. The quantities he reports as having been diverted
each month are given in Table II.
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VARIATIONS IN AVAILAI3LE
WATER StPPLY.

It will be Seen, as -would
be expected, that the amount
diverted, or the available
water supply, does not fluc-
tuate to the extent that the
river flow doe,s. During low
water, all of the river flow is
diverted, while during high
water, often only a very small
portion of it can be diverted.
The largest amount diverted
during any one month was
90,545 acre-feet, February,
1901. This amount indicates
pretty closely the actual max-
imum carrying capacity 'of the
canals of the valley, as water
flowed by Phoenix all but a
few days of the month, and,
hence, approximately all that
could be diverted and deliv-
ered to farmers was diverted.
If the flow of the river were
uniform from month to month,
the canals could probably just
about carry the 100,000 acre-
feet per month that has been
the average river flow during
the past fourteen years. Since
it became apparent in the dis-
CUSS 1011 on a previous page
that the above amount was
hardly sufficient to irrigate
the 275,000 acres of land now
lying under the canals of the
valley, it is evident that the
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existing canals, by diverting continuously all that they
can deliver, could no more than supply sufficient water to
the lands now lying under them.

By reference to the monthly means of the seven years, it will
be seen that the largest average amount has been diverted during
March, and the smallest amount during June, the former being
over three times the latter. The yearly totals do not differ as
much as do the monthly means. With the exception of the un-
usually dry season of 1900, the differences between the yearly
totals have not been great. They are not as much greater
during years of heavy river flow as might be expected. In fact,
during 1895, when the river flow was twice that of 1896, the
amount diverted was not as great as during the Tatter yfar. The
amount that can be diverted depends upon the regularity of the
flow, as well as the amount of it. The flow of i 896 was compara-
tively regular and a large portion (over three-fourths) of it could be
diverted. During 1900 overo per cent of the river flow was
diverted, the only time during which water flowed past Phoenix
in the river being during November. During 1897, only about
two-fifths of the river flow was diverted, and during 1889, 1890.
and 1891, the fraction was probably considerably smaller.

DIFFERENCE IN QUANTITIES OF TOTAL AND OF AVAILABIE
WATER SUPPLY.

The average yearly total for the seven full years covered by
Mr. Trott's records of canal diversion is less than one-half the
average dis.charge of the river during the past fourteen years. In
other words, if these figures are typical of average conditions
through long periods, our average available water supply, under
existing conditions, is less than half of our total water supply.

The above leads to a consideration of whether the averages
of the period covered by Mr. Trott's report are what the averages
of a long period would be. The indications are that they are not.
The average river flow was considerably greater during the
previous six years, according to available records, arid it seems
quite probable that a greater average amount was diverted.
Furthermore, the average river flow for June (a month during
which all the water is commonly diverted) during the fourteen years
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is considerable more than the average amount carried by the canals
during June of the seven years of Mr. Trott's record. A record of
the amounts diverted during the entire fourteen years would
probably show an average of at least ten per cent more per year,
making the average available water supply during the past four-
teen years 550,000 acre-feet,less than half the total water supply
during that period.

The estimated yearly average of the available water supply,
about 550,000 acre-feet, for the past fourteen years would cover
the 275,000 acres of land now lying under the canals of the valley
about two feet deep, if it could be conducted to the land without
loss. Allowing for the 20 per cent loss spoken of on a previous
page, the average would be sufficient to cover the above area
about one and one-half feet deep. During 1896, the year of the
seven that the largest quantity was diverted, the amount was
sufficient to cover the area under the canals one and tivo-thirds feet
deep. The quantity diverted during i oo would have covered
the area less than three-fourths of a foot deep. The other half of
the total water supplythe half not diverted from the riverdur-
ing the past fourteen years; has gone out of reach of the valley,
most of it to the ocean. A large portion of this amount might
have been rendered available by storage facilities, and it is the
hope of the writer that such facilities may be provided for in some
way at as early a date as practicable. In fact one of the principal
objects of this publication is to emphasize the value and importance
of water storage. We cannot afford to continue letting over half
of our water supply pass beyond the reach of the valley, and of
the Territory.

APPROPRIATION OF WATER S rJPPLY.

EARLY AGRICULTURE.

The appropriation of water for irrigation from the Salt River,
by white settlers, began soon after the occupation of the Territory
by troops at the close of the Civil War. The establishment of
military posts making the occupation of the region safer for civil-
ians, a few immigrants soon found their way into the Salt River



Water was appropriated from the river by these early settlers
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Valley. As no local agricultural products were available, all
military supplies were necessarily brought from outside of the
Territory at great cost. The seemingly abundant supply of water
in the river and the evidently fertile soil, combined with the
demand by the neighboring military posts for hay, grain, and
other agricultural products at remunerative prices, induced a few
settlers to begin farming operations in the valley. The venture
proving profitable, their operations were extended from time to
time as the demand for their products increased; and operations
were begun in other parts of the valley by newly formed commu-
nities.

1or irrigating the lands used, water was taken from the river
at various points, the diverting of the water from the stream being
accomplished by the construction of simple dams of brush, rock,
etc. Each community or association of farmers at first constructed
a small canal that would be enlarged from time to time, as they
were joined by new settlers, and additional water was needed for
the irrigation of newly cleared lands.

The farming operations of the early settlers were confined to
the production of grain, grain hay, and a few gar&en vegetables,
the cultivation of yhich was confined largely to the winter and
spring month, when the supply of water in the river was usually
large. Later, the growing of alfalfa, fruits, and other crops need-
ing water during the summer when the water was less abundant,
was begun, thus making water necessary for irrigation during
the entire year. During the early years there was an abundance
of water for all, nd little thought was given to the question of
the division of the water supply among those needing it. As the
amount of cultivated land increased, especially after the production
of alfalfa, fruits, etc., began, the insufficiency of the water supply
for all during all times of the year became apparent, and the
question as to who had the first and best right to the water of the
river assumed more and more importance.

STATUTES GOVERNING APPROPRIATION OF WATER.
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in 1864. The principal sections of the act relating to the appro-
priation and division of irrigating water are as follows:-

"SEc. 1. All rivers, creeks and streams of running water in the
Territory of Arizona are hereby declared public, and applicable to the
purposes of irrigation and mining, as hereinafter provided."

"SEC. 3. All the inhabitants of this Territory, who own or possess
arable and irrigable lands, shall have the right to construct public or
private acequias, and obtain the necessary water for the same from any
convenient river, creek or stream of running water."

"SEc. 17. During years when a scarcity of water shall exist, owners
of fields shall have precedence of the water for irrigation, according to the
dates of their respective titles or their occupation of the lands, either by
themselves or their grantors. The oldest titles shall have precedence
always."

These provisions, which have been incorporated into the
successive revisions of our code, are still a part of the statutory
law of the Territory.

No provision was made for declaring or recording the claims
to the water of the Territory, nor for preventing the divei-sion of
water previously appropriated. Following the custom in Cali-
fornia, intending appropriators of water have usually posted on
the river bank, at the point of the proposed diversion, a notice of
the intention to appropriate a certain amount of water. These
declarations of intention to appropriate water from the river, and
the amount of water proposed to be diverted, were also commonly
filed in the office of the county recorder. There are on record in
the recorder's offices at Phoenix and Prescott, 125 such notices of
intention to divert water from the Salt River, and twenty from the
Verde River. The amounts of water claimed range from an
equivalent of 50 second-feet to over 65,000 second-feet. Some of
the early appropriators went so far as to claim all the water of the
Salt River, and some ofthe later corners claimed all the surplus
water of the river. The total amount of the recorded claims is an
equivalent of 421,680 second-feet, more than the average flow of
the Salt River during the flood of 1891, and over twenty-five times
the average flow of the river during the past fourteen years.
However, many of the claimants did not construct a canal, or in
any way carry out their announced intention to divert water from
the river. The total amount claimed by the canals now in opera-
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tion in the valley, is an equivaent of about 250,000 acre-feet per
month, about two and one-half times the total carrying capacity
of all the canals, and also two and one-half times the average flow
of the river. Besides the above amount, the Rio Verde Canal
Company, not yet in operation, claims an equivalent of 400,000
acre- feet per month from the Verde River, or four times the average
flow of the Salt below the mouth of the Verde, and according to
available data, more than has flowed down the Verde during any
one month of the past fourteen years.

hISTORY OF CANAL CONSTRUCTION.

By Co-aftera/ive Associa lions.

During the early years of irrigation inthe Salt River Valley, all
the ditches and canals were constructed and managed on the co-
operative plan. They were kept in repair and maintained by
means of assessments levied upon the farmers taking water from
them, in proportion to the amount of land cultivated by each.
Much of the labor was performed upon the canals directly by
those using the water. Later, corporations were organized for
the management of some of the old canals, and forthe construction
of new ones, most of the canals of the valley now being controlled
by corporate organizations.

The first canal that took water from the Salt River was begun
fl 1867. It was known for some years as the Swilling Ditch, and

the association of farmers that assumed the managementof itsoon
after its construction was styled the "Swilling Irrigation Canal
Company." The place of diversion was about eight miles south-
east of the present site of Phoenix, on the north side of the river,
and the land irrigated was that in the region of the existing city.
Within a year a branch from the above canal beginning about
three miles from the river and running in a more northerly direc-
tion than the older canal, was begun. It irrigated lands above
the original Swilling Ditch, and later became known as the Man-
copa Canal. The dam and head-gate at the river where water
was diverted for these two branches, and by means f which part
of the water received by them is still obtained, has come to be
known as the ''Joint Head."
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These two branches of the original Swilling Ditch con-
tinued to be managed upon the co-operative plan for about eight
years, at the end of which time two corporations were formed.
The Salt River Valley Canal Company assumed the management
of the south branch of the Swilling Ditch? since known as the
Salt River Valley Canal; and the Maricopa Canal Company
assumed control of the north branch, the present Maricopa Canal.
The management of the newly formed corporations was for some
time little different from that of the old co-operative company.
Two shares of stock were issued to replace each share surrendered
by the holders of shares in the Swilling Ditch, the number of
shares now being fifty in each canal. Each company claimed
the right to an equivalent of about 7, 500 acre-feet per month (5000
inches) from the river. However, the certificates of these fifty
shares did not originally purport to represent a right to a definite
quantity of water.

From 1868 to 1870 several smaller ditches were dug for the
purpose of taking water from the river, including the Wilson, the
Griffin, the Charivari, the Monterey, the Little Giant and the'
Farmer's. These ditches were operated by occupants of the lands
lying under them, in a manner similar to that of managing the
original Swilling Ditch. As more and better diversion dams
were constructed above the heads of these smaller canals, less and
less water reached their heads, and they were necessarily gradually
abandoned.

In 1870, the first canal was begun on the south side of the
Salt River, commencing about five miles east of the present site of
Tempe, and about seven miles above the head of the Swilling
Ditch. It was called the Tempe Irrigating Canal, and supplied
water to lands lying east, south and southwest of the present town
of Tempe. An unincorporated association called the Tempe Irri-
gating Canal Company was organized by the occupants and
owners of lands lying under the canal for managing its affairs,
The company issued to ,each of its members a certificate showing
their interest in the capital stock. The management of the canal.
has remained much the sam up to the presêift time, there being
now ou't nding 109 shares. The amount received by the canal
being insu t during most of the time to furnish each share-
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holder with the entire amount needed, the water in the canal is
prorated among them.

In 1871, a canal known as the San Francisco or Wormser
Canal was constructed on the south side of the river, beginning a
little below the present site of Tempe. The lands supplied with
water through it lie nerly opposite the present city of Phoenix,
and are now owned by the Bartlett-Heard Land and Cattle Com-
pany.

A third canal was constructed on the south side of the river
ii 1877, by a colony of twenty-four families from Utah. The
place of diversion was about five miles above the head of the
Tempe Canal. It was called the Utah Irrigating Ditch, and irri-
gated lands north of the present town of Mesa. It is now known
as the Utah Canal and is managed much as is the Tempe Canal.

By coora1e Organizalions.
In 1878, a corporation known as the Grand Canal Company,

the first formed in the valley for the cons/mci ion of a canal, began
the digging of a canal on the north side of the river. Its head
was about two and one-half miles above that of the old Swilling
Ditch, and about ten miles east of Phoenix. Its course was
nearly parallel to that of the Maricopa Canal, and it supplied
water to lands lying above the latter. The right to divert an
equivalent of 250 second-feet (Io,000 inches) was claimed by the
above company. The management of this canal remained the
same for about ten years.

In 1879, a corporation called the Mesa Canal Company began
the construction of a canal on the south side of the river about
two and one-half miles above the head of the Utah Canal. The
company issued 400 shares of stock, each share purporting to rep-
resent one four-hundredth of the 375 second-feet (15,000 inches)
claimed by the company. The lands watered lay in the vicinity
of Mesa.

In 1883 the construction of a dam and canal by the Arizona
Canal Company was begun on the north bank of the Salt River, at
a point about two miles below the mouth of the Verde River, and
about 25 miles northeast of Phoenix. The company announced
an intention to divert 1250 second-feet (50,000 inches,) for
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sale, rental and distribution. The diversion of water through this
canal began in the summer of 1885. A controlling interest in the
above canal was acquired in 1887 by a corporation organized that
year, called the Arizona Improvement Company. This latter
company acquired under the Desert Land Act about 40,000 acres
of the formerly public domain lying above the Grand
Canal, for the irrigation of which they claimed the right
to water diverted through the Arizona Canal. The company also

Fig. 5. Division gate consolidated canal; water for Tempe canal flowing to left.

secured a controlling interest in the Salt River Valley CanalCorn-
pa fly, the Maricopa Canal Company, and the Grand Canal Corn-
pany. In 1898, a newly organized corporation, the Arizona Water
Company, acquired control of the above four canals, andhas since
controlled the distribution of irrigating water on the north side of
the river.

In i888, a corporation called the Highland Canal Company
began the construction of a canal and a dam at a point about two
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miles below the dam of the Arizona Canal on the south side of the
river. The company claimed the right to divert i 50 second -feet
(6,000 inches) for sale, rental and distribution.

In 1889, a corporation called theCross-cut Canal and Power
Company was organized for the purpose of constructing a canal
from the Arizona Canal to the Grand, the Salt River Valley, and
the Maricopa Canals, by means of which the water diverted by
the Arizona Canal could be supplied to the other three above-
named canals.

In 1892, a corporation called the Consolidated Canal Com-
pany was organized for the purpose, according to their articles of
incorporation, of constructing canals and dams, of appropriating
water, of purchasing water and water rights, and of buying and
selling water and its use for all purposes. In the construction of
their irrigation works, provision was made for diverting and
carrying, except during times of very heavy river flow, all the
water to which the lands on the south side of the river are en-
titled. A canal was constructed for the purpose of supplying
water to lands lying east and south of Mesa.

DISTRIBUTION OF WATER SUPPLY.

THE KIBBEY DECISION.

Since 1892, the distribution of irrigating water in the Salt
River Valley has supposedly been governed by a decision and a
decree made in the district court, by Judge Joseph H. Kibbey in
April and in October, respectively, of the above year. The liti-
gation leading up to the rendering of the decision and the making
of the decree was protracted, and the case is considered the most
important irrigation case that has been tried in Arizona, and one
of the most important tried in the Southwest.

Previous to the construction of the Arizona Canal, the water
of the Salt River made its way down a wide sandy river bed to the
various canal head-gates situated on both banks for a distance of
twenty miles. There having been no adjudication of rights to
water among the various claimants, and no official whose duty it
was to see that each canal received its portion of the stream, re-
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gardless of location, unsatisfactory conditions naturally prevailed.
When the water became scarce, the farmers under the lower
canals became solicitous as to whether their neighbors above were
allowing their full supply of water to reach them. To a certain
extent, each canal operator considered his interests opposed to
the interests of every other canal operator.

When the Arizona Canal Company constructed its canal
with a dam above the head of all other canals in the valley, and
claimed the right to divert a quantity of water greater than the
usual flow of the river, the rest of the canal operators of the valley
naturally looked upon this new organization as their common
enemy. In February, 1887, the representatives of the other canals
of the valley instituted a suit against the Arizona Canal Company
for the purpose of enj Dining it from diverting from the Salt River
the water claimed by the plaintiffs.

After the filing of the complaint, the Arizona Canal Com-
pany secured a controlling interest in the corporate affairs of the
other three canal companies on the north side and withdrew
theni from the suit, as plaintiffs. Later, all the canal operators
on the south side of the river, except the Tempe Irrigating Canal
Company and M. Wormser withdrew from the suit. As from
time to time the several canal companies withdrew from the suit
as plaintiffs, the remaining plaintiffs amended their complaint to
meet the new conditions. Finally, in July, 1890, an amended
complaint was filed, in which the Tempe Irrigating Canal Corn-
pany and M. Wormser, the operator of the San Francisco Canal,
were plaintiffs, and the remaining canal companies of the valley
defendants. The trial of the case began in March, 1890, and the
taking of the great quantity of evidence was concluded in August.
The arguments of the attorneys were postponed until February,
1891, and when reached occupied fifteen days. A commissioner
to temporarily distribute the water of the river was appointed
October, 1891. The decision of the court was rendered by Judge
Kibbey in April, 1892, and a decree made by him in October,
1892.

Judge Kibbey held that, according to the existing statutes of
the Territory, and according to acts passed by Congress, owners
and occupants of land only were entitled to appropriate water;
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that only the use of the water upon land gave a tight to it for irri-
gation; that priority of appropriation gave the better right to the
use of water; and that prevailing customs contrary to statutory
provisions did not establish rights to water. He further held that
the posting and recording of a notice of intention to divert water
from a stream did not of itself give any right to water; but that
the appropriation of water for irrigation consisted in actually
diverting it and applying it to ltid. He also held, that a canal
company is but a carrier of water; that the sale of water was not
a use of water; that pro-rating agreements were void, because in
violation of express statutory provisions and of acts of Congress,
that he who is first iii point of time shall be first in right to the
use of water; that the right of appropriation of water for irrigation
becomes permanently appurtenant to the land to which it was
applied; that a transfer of stock in a canal cannot of itself consti-
tute a transfer of a right to water; that the owner of stock in a
canal, unless he be the owner or occupant of land, has not any
right to water for irrigation; and that, consequently, the owners of
shares in a canal who have no land upon which to use water,
have no riht to divert water from a stream. He held, however,
that a canal company has a right to carry water to land owners,
and that irrigators should be required to accept bona fide offers
by canal companies to supply irrigators with water at no greater
cost than had been attending their appropriations, when a saving
of water would result from such an arrangement.

The court did not attempt to define the rights of individual
irrigators, but confined the adjudication of rights to the canals, in
accordance with the quantity of land for which water was from
time to time appropriated by land owners under the various canals
of the valley. He caused to he prepared a table showing the sev-
eral amounts of land for the irrigation of which, under proper
methods, the several canals of the valley were in each year en-
titled to divert water from the Salt River. The work of dtermin-
ing the rights of individual land owners had been left to the com-
missioner appointed by the court, The commissioner was directed
in an order issued October r6, 1891, to distribute the water of the
river among those entitled to it in the order of their valid appro-
priations of water. For the purpose of ascertaining the order of
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priority, the commissioner was authorized to summon and hear
the testimony of witnesses, and to examine records, deeds and
other documentary evidence.

The table prepared for the guidance of the commissioner in
apportioning the water of the river to the several canals of the
valley was as follows:

TABLE 111.-SHOWING FOR EACH YEAR THE NUMBER OF QUARTER
SECTIONS UNDER EACH CANAL ENTITLED TO WATER

FROM SALT RIVER AS PER KIBBEY DECISION.

Judge Kibbey specifically decreed that the canals of the valley
"each and every of them, their agents, servants and employees be and
they hereby are forever restrained and enjoined from diverting the waters
of the Salt River into or through their respective canals, or in Bald canals
or dame, otherwise and except in the order of the respective appropria-
tions by the owners or occupants of lands, in such quantities under proper
methods of irrigation and cultivation, to irrigate aud cultivate the lands
under said respective canals as severally shown and set forth in the tabu-
lated statement contained in the judgment and decision filed therein."

Salt
RIVCf
Valley
canal.

%!aricopa
canal,

Teinpe
canal.

San Fran-
CSCO or
Wormser

canal.
Utah
canal

Mesa
canal

Gravd
canal,

Arizona
canal.

Total number
Of qearter
sections for
each year.

1868 12.5 1 13.5
1869 22 6 28
1870 31.5 14.5 46
1871 48 24.5 5 8 . 85.2
1872 78.5 28.5 49 8 167
1873 90.5 29 57 12 188.5
1874 90.5 31 57 12 190.5
1875 00.5 32 57 12 191.5
1876 92.5 36 57 12 197.5
1877 95.5 41 57 22 7 222.5
1878 102 53 67 22 24 23 2 293
1879 104 65.5 70 22 24 30 15 330.5
1880 109 84.5 70 24 24 35 17.5 364
1881 116.5 102 72 24 24 43 18.5 44)0
1882 117.5 117.5 90 27 26 50 23.5 451.5
1883 118.5 124.5 90 28 38 59 43.5 501.5
1884 119.5 128.5 95 28 38 62 45.5 516.5
1885 120.5 133 98 28 38 73 46.5 43.5 580.5
1886 121.5 135 105 29 38 75 47.5 105.25 656.25
1887 122.5 134 113 31 40 82 47.5 192.75 765.75
1888 123.5 139 117 31 55 82. 48.5 333.25 929.25
1889 123.5 139 117 31 55 82 48.5 350 946
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No specific amount of water was decreed to theseveral canals,
but each was supposed to be furnished with enough to supply
the reasonable needs of the several appropriators in the order in-
dicated by the above table. For example, when the water in the
river was sufficient to furnish water to but 400 quarter sections,
the appropriations made up to and including the year r88i would
be the basis for a division of the water of the river by the com-
missioner, the Salt River Valley Canal being entitled to i i6 four-
hundredths of the total supply, the Maricopa Canal 102 four-
hundredths, the Tempe Canal 72 four-hundredths, the San Fran-
cisco Canal 24 four-hundredths, and so on, the lands under the
canals of later construction than the Grand Canal not being en-
titled to water at that stage of the river. When the river flow is
sufficient to supply water to 946 quarter sections, according to the
table the Salt River Valley Canal would be entitled to receive
523.5 parts out of 946, the Maricopa Canal 139 parts, and so on,
the Arizona Canal being entitled to 350 parts out of 946 parts.

The case was not appealed to a higher court; but the decision
and the decree of the Judge have not been regarded in distribu-
ting the water of the Salt River. After the conclusion of the tak-
ing of evidence in the case, and prior to the rendering of the de-
cision of the court and the making of the decree that followed,
those in control of the canals of the valley other than the Tempe
Irrigating Canal Company and M. Wormser entered into a con-
tract providing for a plan of dividing the water of the river, inde-
pendent of the pending decision of the court. This contract pro-
vided that

"When the court shall determine and fix by decree the amount of
water the Tempe Canal Company, and the severally associated plaintiffs
having the right to use the water through and by the Tempe Canal, and
M. Wormser, through and by the San Francisco, shall have the right to
take from said Salt River in times of scarcity, then as between parties
hereto the remaining waters of the said river shall be divided between
the parties at the dam of the Arizona Canal, one-third to be taken out by
the Mesa and the said Utah Canal companies by mutual agreement, or as
their rights between them may be. And the other two-thirds shall be
distributed between the Arizona Canal Company, the Grand Canal Com-
pany, the Maricopa Canal Company and the Salt River Valley Canal
Company at their old dams, or through the Arizona Canal and the Cross-
cut Canal, as the said companies may mutually agree."
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This agreement did not and does not represent the wish of
the majority of the water users under the older canals. It
has been especially prejudicial to the interests of those
owning or occupying lands that have been under cultivation
many years, and has been the cause of much litigation during the
past ten years.

DIVISION OF WATER AMONG CANALS.

Instead of the water of the Salt River being diverted from its
channel by several rather unreliable dams cattered along twenty
miles of the river, as was the case during the early history of the
valley, the most Of it is now diverted by two substantial diversion
dams located above all the early dams. At the head of the valley
is located the Arizona Canal dam, which, during most of the time,
intercepts the entire flow of the Salt River, with the exception of
a small amount that finds its way under the dam. After carrying
the entire volume about four miles along the north side of
the river, it turns back into the river channel the portion alloted
to the canals on the south side, at a point immediately above the
dam of the Consolidated Canal Company. The remaining por-
tion of the water is carried by the Arizona Canal to the canals
located farther down the valley on the north side of the river,
and that received by the Consolidated Canal is carried to the
canals on the south side of the river. Thus, nearly all the valley
is supplied with irrigating water through two large systems, one
located on each side of the river.'

The canals supplied with water through the Consolidated
head-gate are the Mesa Canal, the Utah Canal, and the Tempe
Canal, the latter canal supplying by way of the Hayden Mill most
of the water received by the San Francisco Canal. The Arizona
Canal, after turning to the Pima Indians, through whose reserva-
tion the canal runs, a stipulated portion, carries the remainder
about ten miles to the head of the canal running north and south
across the valley called the Cross-cut Canal. From this point, a
portion of the water is carried northwestward through the re-
maining length of the Arizona Canal, and the remainder turned
down the Cross-cut Canal to be delivered to the Grand, Maricopa
and Salt River Valley canals.
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The division of the waterof the Salt River among the canals
of the valley is nominally under the supervision of the water com-
missioner provided for by the decision and the decree of Judge
Kibbey. The commissioner is supposed to act under instructions
from the judge of the district court, his salary being paid by the
canal companies. He is supposed to divide the water in accord-
ance with the Kibbey decision and decree, but instead, both in-
cumbents since the office was created have divided it in accord-
ance with the contract mentioned above. The Consolidated
Canal Company is furnished with enough water to supply the
Tempe Canal system with the portion to which it is entitled by
the Kibbey decision, together with the, portion that the private
contract stipulated that the Mesa and the Utah Canal were to re-
ceive, and is required to deliver to each of the above 'canals its
due proportion. The remainder of the water diverted is given to
the Arizona Canal at its head, and no further attention given it.
The division of the water turned over to the Arizona Canal is left
to the Arizona Water Company, which at present operates the
Arizona Canal and has a controlling interest in the corporate
affairs of each of the other three canal companies on the north
side of the river, the only further note taken of the water received
on the north side is to keep a record of the quantity of water pass-
ingthrough the"Joint Head," the common diversion worksof the
.Maricopa and Salt River Valley Canals. The commissioner's
monthly report, filed with the clerk of the district court, consists
of a statement of the quantity caused to be delivered to the Tempe
and San Francisco canals jointly, the quantity caused to be deliv-
ered to the Mesa and Utah canals jointly, the quantity caused to
be delivered to the Arizona Canal, the quantity caused
to be delivered to the Highland Canal, and the quantity
entering at the Joint Head. This latter amount, as has been
stated, is water that cannot be intercepted by the canals above.
No statement is made of the amount received by the Grand, the
Maricopa, or the Salt River Valley canals, nor the separate
amounts received by the Mesa and Utah. canals, the water not
being divided among these canals by the commissioner as the
court decreed.

This lack of supervision of the division of the water among
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the canals on the north side of the river has resulted in much dis-
satisfaction on the part of the majority of the water users under
the older canals of the region, and has been the cause of much
litigation.

SYSTEMS OF IJtSTRIBUTION UNDER THE VARIOUS CANALS.

Statutory Provisions.

The statutes pertaining to irrigation passed in 1864, and in-
corporated into our present code, provide for the election annu-
ally of a public official, called an overseer, for each community
canal of the Territory. According to the provisions of the stat-
utes, the duties of the overseers are to superintend the excavation
and repairing of canals, and "to distribute and apportion the
water in proportion to the quantity to which each one is entitled,
according to the land cultivated by him."

These sections of our statutes have been entirely disregarded
in the Salt River Valley, the distribution of the water carried by
the various canals having been left to their managers. The
method of distributing the water to the users is not the same
under the different canals. Under some canals the water is divided
in accordance with the number of shares or the part of a share
held, while under others the water users contract with the canal
company for the delivery of a stipulated amount of water.

Distribution on the South Side of the River.

Under Tempe Canal.

The Tempe Irrigating Canal Company, as stated before, is an
unincorporated association of land owners. The affairs of the
company are managed by a board of directors elected by the iog
shareholders. The board chooses a president and a treasurer,
and employs a secretary, a superintendent, and two zanjeros, the
expenses being met by assessments levied upon the shareholders.

The canal's quota of water, according to the Kibbey decision,
after being received by way of the Consolidated Canal, as ex-
plained above, and that received during high water through its
own head-gate, is divided among several branches and extensions,
which in the aggregate supply water to about 30,000 acres. One
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of its branches, known as the Hayden Ditch, furnishes IA ater
power for a flour mill in Tempe, commonly carrying about 27.5
second-feet. From the tail-race of this mill the San Francisco
Canal now receives nearly all of its water, it being possible, how-
ever, for it to obtain an additional quantity by way of its own head-
gate, during high water.

The distribution of the water received by the Tempe Canal
for the lands under it is directed by the superintendent. The
zanjeros turn the proper proportion into each lateral, the users
from each usually arranging mutually for the division of the water
among them, in accordance with the amount of stock in the canal
held by each.

Water is not strictly appurtenant to land under the Tempe
Canal, but it is more nearly so than under most other canals of
the Valley. At the beginning of the irrigating season in October
each shareholder designates to the Secretary of the company the
piece of land upon which he wishes used the water to which he
claims to be entitled. As a rule, the water purported to be rep-
resented by a share is applied tothe sare piece of land from season
to season, but there is some renting of the right to water given by
the holding of a share of stock. The constant tendency to in-
crease the area attempted to be irrigated, and the pro-rating of the
water among the shareholders, regardless of how long the land to
which the water is applied has been cultivated, in order to give
new lands some water at all times, is causing growing dissatisfac-
tion among the owners and occupants of the older farms. They
naturally regard the pro-rating of the water as a distinct disre-
garding of statutes of theTerritory and of acts of Congress, and
an interference with their vested rights. However, the conditions
under the Tempe Canal during the past ten years have been as
satisfactory as under any large canal of the Valley, and much more
satisfactory than under most of the other canals.

Under Utah Canal.

The Utah Canal is owned by a co-operative association of
farmers, the number of shareholders in the organization having
increased from seven in 1877 to thirty-two in 1884. During the
latter year each of these shares was divided into four parts, the
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number in the old canal since that date being 128. In addition
to this number, seventy-eight shares are held by a community of
settlers that in i888 enlarged and extended the original canal for
the purpose of supplying water to the lands farther from the river.
This increasing of the acreage to be irrigated, without a propor-
tionate increase in the water supply, has caused considerable dis-
satisfaction, and some litigation.

The canal and its extension are managed by a board of direc-
tors, the officers of which are a president, a secretary, and a zan-
jero. Water is supplied continuously to all stockholders when the
river is sufficiently high, and is rotated among them during the
rest of the time. A small settlement of Maricopa Indians, who
helped construct the canal, receives a stipulated amount of water
for the cultivation of their lands. The total area irrigated through
the canal is about Io,000 acres. Expenses are met by assessments
on the stock.

Under Mesa Canal.

The Mesa Canal is controlled by a corporation whose share-
holders are mostly water users under the canal. The canal is
managed by a board of five directors elected annually by the
stockholders. The board selects a president, and eThploys a sec-
retary and a zanjero. The expenses of the canal are met by annual
assessments on the 400 shares of stock. Though organized as a
corporation, the management of the business of the Mesa Canal
Company and the system of distribution of the water carried, is
much the same as of the co-operative companies that manage
the affairs of the Tempe and of the Utah Canal.

The dam and head of the original Mesa Canal constructed in
1878 proved unstable, and consequently expensive to maintain.
This condition continued until 1891 when, in accordance with a
contract made with the Consolidated Canal Company, the latter
took possession of the upper part of the canal and proceeded to
construct a stable dam and canal head. The Mesa Canal now re-
ceives its quota of water at the division gate of the Consolidated
Canal Company, and is thus relieved of the task of maintaining
headworks. It is also claimed that a considerable quantity of
water is saved by this arrangement. After passing the above
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gate, the zanjero takes charge of it, turning the water out into the
respective laterals in accordance with the number of shares held by
consumers under each. It is then taken charge of by the several
water masters on the laterals who superintend its distribution to
the lands to be irrigated. During periods of low water the users
rotate the water in each lateral, each one using the whole stream
for a certain number of hours.

The principal business of the Consolidated Canal Company is
the diversion, for other canals, of water that it utilizes for power
purpQses. During seasons of high water, it diverts water for the
extension running in a southerly direction from its division gates.
Likewise, the Highland Canal diverts water only during periods
when the river flow is sufficient to supply all the other canals of
the Valley, and leave a surplus.

Distribution on North Side of River.

As previously stated, the Arizona Water Company controls
the distribution of water on the north side of the Salt River. The
majority of the stock in this company is held by non-resident cap-
italists. The local affairs of the corporation were formerly man-
aged by a lodil advisory board headed by a resident vice-president,
this board being governed more or less by directions from the non-
resident corporation officers. At present, the active management
of the system is in the hands of a secretary and general manager,
who is assisted by a superintendent. The latter has direct charge
of all the canals controlled by the Arizona Water Company, as re-
gards water division and maintenance of canals, dams, gates, etc.
Under the superintendent are four zanjeros on the Arizona Canal,
two on the Salt River Valley Canal, and two who serve on both
the Maricopa and the Grand Canal. The duties of the zanjeros
are to open and to close the head-gates of the ditches carrying
water to the farms irrigated through them. The zanjeros are
governed in their raising and closing of the ditch head-gates by
contracts existing between the water users and the canal compa-
nies controlled by the Arizona Water Company. These contracts
are renewed at the beginning of the water seasons, September 15
and May 15.
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Previous to 1887, contracts were made by the Salt River
Valley, the Maricopa, and the Grand Canal companies upon the
basis of the amount of stock held in the respective canals, and in
some cases contracts were made with non-stockholders. After
the Arizona Improvement Company secured control of the above
canals, a new system was inaugurated. Upon each share in these
canals were issued, as an alleged dividend, three "water-rights.'
Each of these "water-rights" purported to represent 333 miner's
inches of water (about five-sixths of a second-foot), one-third of
the 100 inches a share purported to represent. That is, the pos-
session of a "water-right" purported to give the privilege of con-
tracting with the several canal companies for the delivery of 33/3
inches of water, at the price charged by the company. Many
stockholders refused to accept these so-called water-rights, and
continued to' contract with the companies on the basis of their
share of stock.

Many of these "water-rights" were purchased by land owners
not owners of shares n the canals, and some by persons not land
owners or occupants. Persons owning no land, or cultivating
less land than would be irrigated by the water the "right" or
"rights" they possessed purported to represent, rented "water-
rights" to cultivators of land who were not owners either of
stock in a canal or the "water-rights" issued thereon. Thus was
inaugurated the custom of buying, selling and renting "water-
rights" on the north side of the river. The custom of making
contracts with owners of stock and with owners and renters of the
so-called water-rights alike continued from 1888 to 1901.

During June, 1901., an important decision was rendered by
the supreme court of Arizona upon a case involving the relation
of land owners and of canal companies to the public waters of the
Territory, and the status of water-rights. The court held that
ownership and possession of arable and irrigable land are essen-
tiãl to the acquisition of the right of appropriation of water from a
public stream for irrigation; that a corporation, not the owner or
possessor of irrigable land, while it may divert water from a stream
for the purpose of supplying owners of land, does not thereby be-
come the appropriator of the water so diverted; that a stockholder
in a canal company cannot confer his priority of right to water by
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leasing his "water-right" to be used for any particular season on
lands which he does not own or possess, since a water-right to be
effective must pertain to a particular tract of land; and that a
canal company diverting water for supplying land owners with
whom it has contracted to deliver water is a private agent, but a
canal company supplying water to others than its water-right
holders is a public agent.

As a result of the decision of the court, and ostensibly in ac-
cordance with it, the canal companies adopted the policy of con-
tracting for the delivery of water only with stockholders and own-
ers of "water-rights." "Water-rights" were offered for sale by the
canal companies and by individuals, and could be acquired either
by cash payment, or by paying the interest for one year on the
alleged value of a "water-right" and signing a contract to pay the
principal a year later. A large number of land owners, most of
them early settlers, and all occupying lands entitled to water
under the Kibbey decision, refused to meet the above conditions,
and hae attempted to obtain by other means the water to which
they claim to be entitled.

During times of heavy river flow, water is run in the four
canals on the north side of the river simultaneously, all users re-
ceiving water during such periods. But during most of the time,
water is run in the Salt River Valley Canal and the Grand Canal
four days, and then in the Maricopa and the Arizona Canal four
days. When, during such periods, there is sufficient water to
supply all ditches from either two of the canals, all head-gates are
left open du.ring the four days that water is in the canals. During
most of the time, especially during the past four years, the water
supply has not been sufficient to furnish simultaneously to all
having contracts with either two of the canal companies the water
contracted for. When the supply is sufficient to furnish only half of
the above farmers with water at once,each half is furnished with water
during two consecutive days. As the water supply diminishes,
the length of time that water flows through a farmer's head-gate
decreases, until the duration of a "run" diminishes to a few hours.
When the river flow increases, the length of the "runs" increases
correspondingly. The "runs" under the Grand and the Arizona
canals are especially short during low water.
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The quantity turned through a ditch head-gate varies little,
compared with the variations in the length. of time that the water
runs, the quantity being much the same throughout the year.
The system described concentrates the water, and results in each
farmer being furnished with approximately the same sized stream
during each "run," but it also results in so many days interven-
ing between them that crops often suffer for water. It will be
seen that when water. is furnished a farmer but one day or a part
of a day each time water is in a particular canal, eight days will
intervene between ''runs."

Farmers having learned by experience that usually only a
small proportion of the amount contracted for any year is deliv-
ered, many of them regularly contract for and pay for the deliv-
ery of much more water than they could use, if the quantities
contracted for with the canal companies were actually delivered.
For example, the Experiment Station, during the past two irriga-
tion years, has contracted with the Grand and the Maricopa canal
companies, to be used upon the part of the Farm devoted to the
culture of - fruits arid annual field crops, for the delivery of an
equivalent of 685 acre-feet per year, if there were a continuous
flow of the quantity contracted forenough to cover the 28 acres
to which it was applied over 24 feet deep. The amount received
during the year ending September 15, 1901, was about 170 acre-
feet, or less than one-fourth of the amount contracted for, if the
flow had been continuous. Much less is being delivered during
the current year. Farmers who contract for the delivery of ap-
proximately what they could use advantageously, if delivered to
them, receive as a rule much less than they need. This inability
to deliver the water contracted, even during an average year such
as 1901, is due mainly to the issuance of ''water-rights'' purport-
ing to represent in the aggregate far more water than is available
for distribution.

The system of water distribution under the Arizona Canal is
different from that under the other canals controlled by the Arizona
Water Company. The company contracts with the possessors of
''water-rights" issued and sold by the company to furnish each
with water for a given number of acres, no definite flow of water
at any one time being stipulated. But contracts are made to de-
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liver in the aggregate so much more water than is available for
distribution, that it is possible for a farmer to irrigate, with the
water supplied him most years, but a part of the acreage for which
he has contracted and paid in advance for water.

During favorable seasons the canal companies do not deliver
to consumers the quantity of water contracted for. For example,
during the first four months of 1901, when more water was re-
ceived by the canals on the north side than during any four con-
secutive months for ten years, an average of hut 37,000 acre-feet per
month of the 90,000 acre-feet purported to be represented by shares
and "water-rights" was received by the north side canals. Allow-
ing for the loss from seepage and evaporation mentioned as neces
sary on a previous page, only about one-third of the amount of
water purported to be represented by the "water-rights" issued
by the north side canal companies would be supplied to the farm-
ers during that unusually favorable season. During the month
of February, 1901, when water flowed in the river below all the
dams of the Valley all but a few days, and consequently when all
the water the canals would carry was being diverted, 'only about
52,000 acre-feet of the 90,000 purported to be represented by the
shares and "water-rights" of the north side canals was carried by
them, indicating that during times of greatest river flow the ag-
gregate quantity that it is possible for the farmers to contract for
could not be delivered by the existing canals owned and controlled
by the Arizona Water Company.

This practice of contracting to deliver so iiiuch more water
than is available for distribution, or even than the canals can
carry, has been very injurious to the Valley. Many farmers who
were prosperous and seemingly secure in their vested rights when
the above-described system of distribution was installed on the
north side of the river, have since that time suffered many hard-
ships which they have endured with that remarkable patience so
characteristic of an industrious, rural population.



UTILIZING OUR WATER SUPPLY. 99

DUTY OF WATER SUPPLY.

DEF1NTION OF TEEMS USED.

The duty of irrigating water is the amount required to prop-
erly irrigate a given area of land, or the area a given amount of
water will properly irrigate. The duty of water is affected by and
varies with the character of the soil and the subsoil, the rainfall,
the nature of the weather, the kind of crop raised, the methods of
irrigation and cultivation employed, and with several other con-
ditions.

By the duty of our water supply is meant the total amount of
laud the available supply will properly irrigate. With this is
closely connected the amount and the value of the farm produce
which may be grown by the use of our supply, and the popula-
tion that it will support. These are matters of great importance,
as it is not economical to attempt the irrigation of either more or
less land than can be properly irrigated. If we are irrigating in
the Salt River Valley less land than might be irrigated, or if we
are attempting to irrigate more than can be properly irrigated, the
sooner these pertinent facts are known and acted upon, the better
it will be for the Valley.

BASIS OF CALCULATIONS.

The first question to consider, in taking up a discussion of
the duty of our water supply, is what amount of water shall be
used as a basis for calculations. What can be fairly considered
our available water supply? This is a question that must be
answered in more or less accurate terms before the discussion can
proceed further.

By reference to Table II, it will be seen that the amount of
water delivered by the canals of the valley during the past seven
years has varied in amount from approximately 260,000 acre-feet
to over 614,000 acre-feet per year. The record of the river flow,
given in Table I, indicates that the variation from year to year
had not been so great during the previous seven years, and that
during no year of that period was the available supply less than
500,000 acre-feet. It is doubtful if during the fourteen years
more water was diverted during any one year than during 1896,
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notwithstanding the fact that during several years the total river
flow was over two to four times greater than during that year. A
heavy river flow during part of the year, with low water through-
out the remainder of the year, does not make possible the diver-
sion of as much water annually as does a steady flow of a medium
amount during the greater part of the year. In fact, an exces-
sive river flow may cause diversion dams and canals to be washed
out, and result in the diverting of less water than if the flow had
been less. The amount diverted during 1896, or 614,102 acre-feet,
may, with considerable confidence, be taken as approximately
the maximum amount diverted duringany one of the past fourteen
years, and very close to the maximum amount that may be counted
on as our available water supply during any one year of the four-
teen, so long as existing conditions continue.

It will be evident, however, that the maximum amount di-
verted during any one year should not be considered as our avail-
able water, supply, and taken as a basis for our calculations in
considering the duty of our available supply. For, during the
majority of the years, the water supply would not be sufficient to
irrigate properly all the area that might be irrigated by the maxi-
mum quantity, and during some years the supply would be en-
tirely inadequate. Attempting to irrigate as great an area as might
be irrigated by the maximum, supply would result in much suffer-
ing during years of low water. On the other hand, the minimum
amount received by the canals during one year should not be
taken as the basis of a calculation of the area of land that can be
properly irrigated with our available water supply. For it would
be more economical to endure an occasional shortage, than to
keep the area cultivated down to the area that could be properly
irrigated with the minimum yearly supply.

It being evident, then, that neither the maximum nor the
minimum amount diverted during one year, should be taken as
the..basis of a calculation of the duty of our available water supply,
thequestionto be settled is what intermediate amount shall be
used as the basis. Probably the average amount diverted dur-
ing a long period of years will be nearest to the amount that
should properly be taken for the basis of our calculations. By
reference to Table II, it will be seen that the average amount of
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water diverted by the canals of the Valley during the past seven
years has been approximately 500,000 acre-feet per year. In dis-
cussing this average on a previous page, it was estimated that the
average amount diverted during the past fourteen years was ten
per cent greater than the above average, or approximately
550,000 acre-feet per year. It is this amount, therefore, that will be
considered as our available water supply, and used as the basis of
calculations in discussing the duty of our water supply.

AMOUNT NEEDED PER ACRE.

The next important question to be settled, before calcula-
tions of the duty of our water supply can be made, is the amount
of water needed per acre in the Salt River Valley, under existing
conditions. It is evident that the amount needed will vary with
the crop. the character of the soil, and the liature of the weather.
Therefore, in determining the amount needed per acre, it will
be necessary to make use of as many data as practicable. The
amount of available data is not as great as is desirable, but a suffi-
cient amount is at hand to make possible fairly reliable estimates
of the average amount of water required per acre for profitable
cultivation of the soil, in the Salt River Valley.

During the year ending September 15, 19o1, the amount of
water used upon the twenty-eight acres of the Station Farm devoted
to the culture of fruits and annual field crops equaled an average of
over six acre-feet per acre (an acre-foot equalling, as will be remem-
bered, enough water to cover an acre of land a foot deep.) As stated
in Bulletin No.41, UOfl account of the amount received being large
during the winter and early spring months, more than was neces-
sary was applied to part of the orchard. On the other hand, six
acres lay idle from May to November, hecatse of a shortage of
water during that period. Hence the amount used may be taken
as the amount that must be receivedin order to conduct success-
fully such farming operations as were being conducted at the
Station Farm. As a reference to Bulletin No. 4' will show, the
crops grown were deciduous fruits, grain, corn, cotton, potatoes,
tomatoes, strawberries, and melons. There was also included in
the area a pond, nursery stock, lawns, small garden vegetables,
and garden flowers, all of which require a large amount of water
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per acre. The quantity applied to the portion of the Station Farw
devoted to alfalfa and other forage crops was approximately eight
acre-feet per acre. The average amount used per acre on the entire
acreage of the Station Farm was, therefore, approximately seven
acre-feet. An average farm, with a smaller proportion of the area
devoted to the culture of ornamental plants and other plants re-
quiring a large quantity of water, might be cultivated equally
well by the use of not over five acre-feet per acre. However, the
receipt of7.o acre-feet per acre at the farm meant 8.75 acre-feet
per acre when turned into the canal, allowing for the 20 per cent
loss estimated by Mr. Code. During the current year the amount
received at the Farm is at the rate of about 4.8 acre-feet per acre
for the area devoted to fruits and annual field crops, and 6.4 for
the area devoted to alfalfa and other forage crops, making an
average of,5.6 acre-feet per acrefor theentire acreage oftheStatiou
Farm. Allowing for the loss in transit, this would mean 7.0
acre-feet per acre when turned into the canal from the river.

While the abdve figures represent what can be used to ad-
vantage on a farm when intensive and diversified farming is prac-
ticed, they do not necessarily indicate the amount necessary to
condu,ct farming operations as they are being generally conducted
in the Valley. Data from a larger area of farming land are needed,
in order to draw safe conclusions concerning the amount needed
per acre for successful farming under our existing conditions.

If the water commissioner's records and reports, during the
ten years since the oflice was created, showed the separate
amounts received by each canal of the Valley, a very close estimate
of the amount needed per acre during the period could be made.
Data covering part of the period are available and useful. No
definite data are available for the lands under the canals on the
north side of the river, but for much of the area lying on the
south side of the river fairly accurate data are at hand.

The amount used per year upon the area irrigated from the
Tempe and from the Mesa canals, during thepastsi yars, can
be ascertained from the reports of Water Commissioner Trott,aiId
from the reports of W. II. Code in Bulletins No. 86 and No. 104
of the office of Experiment Stations. These data furnish a fairly
reliable basis for a determination ol the. amount used per acre on
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vated under the Tempe Canal system during the past six irriga-
tion years are as follows

Amount re-
ceived by canal

Amount per
acre.

Amount re-
ceived by canal
Amount per
acre
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The amounts used upon the 12,000 acres cultivated under the
Mesa Canal during the past six years are as follows:

During none of the above years did the farmers receive more
water than they could advantageously use, taking the year as a
whole; and during two of the years, especially during 1900, there
was a decided shortage of water. To be sure, during parts of the
year water was received in larger quantities than was necessary
for immediate needs; but on the other hand, during other parts of
all years, much less than the quantity needed was received.
Hence, under existing conditions, the amounts received during
those years of more abundant water supply probably represent
very closely the amounts needed for economical cultivation of the
soil.

It will be noted that an average of over five acre-feet per
acre was used under the two above canals during each of the first
three years covered by the record. The year t900 was an un-
usually dry one, and the shortage of water caused much suffering
and a decided curtailing of crop production. Yet, even during
that year, an average of about three feet per acre was used upon
the 37,000 acres under the Tempe and the Mesa canal systems.

1895-96 1896-97 189 7-98 1898-99 1899-00 1900-01

A crc-feet Acre-feet A cre-feet Acre-feet Acre-feet Acre-feet

1896 1897 1898 1899 1900 1901

71,000 66,700 60,600 44,000 29,600 60,000

5.9 5.5 .5.0 3.6 2.4 5.0

128,600 132,600 135,200 106,900 86,400 121,600

5.1 5.3 5.4 4.2. 3.4 4.8
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Judging by the above data, it seems that five acre-feet per acre
are needed for successful and economical farming in the Salt River
Valley, under existing conditions. If the flood waters were
stored, and water supplied to farmers at the times when most
needed, and in just the quantities needed, a much less yearly
amount would produce equally good results. But it is the amount
needed under present conditions that is being considered.

The amount of water used and the amount of land irrigated
in the whole Valley during 1901 throws additional light on the
question as to the amount needed .per acre. According to Water
Commissioner Trott's reports, approximately 500,000 acre-feet
wa.s received by all the canals under his observation, or just about
the average amount received by the above canals during the seven
years of his incumbency. During November and December of the
past year the county Water Storage Commission caused to be
made a determination of the acreage irrigated during 1901 under
all the canals of the Valley. The results of the canvassers' work
showed a total of approximately i 2o,000 acres irrigated by water
received from canals included in Mr. Trott's report. According
to the above figures, an average of 4. i6 acre-feet per acre was
used in the Valley during that average year. It is well known
that many farmers, especially those under the Arizona Canal, the
Highland Canal, and the Consolidated Canal did not receive suffi-
cient water for economical farming, and that few, if any, farmers
under any canal received during the year as a whole more water
than was needed.

Hence, it seems evident that the estimate of a need of an av-
erage of five acre-feet per acre for successful and economical farm-
ing under existing conditions is not far from being correct. Ex-
pressed in miner's inches, this would be a continuous flow of a
little over a fourth of an inch per acre, or 44.4 inches per quarter
section. If, by the economical use of water, 4.5 acre feet per
year should come to be sufficient to supply the actual needs of
farmers, this would equal 40 inches (one second-foot) per quarter
sect ion.

Deducting from the five feet the 20 per cent loss from seep-
age and evaporation during the time the water is being carried
from the head-gate of the canal to the farmer, an allowance of five
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acre-feet per acre, based on the amount received by the canals,
would leave an average of four acre-feet per acre for actual appli-
cation to the land cultivated. Phis would be less than two-thirds
the amount used upon the Station Farm during the year ending
September 15, 1901, and less than the amount received during the
current year. As alfalfa, the principal crop of the Valley needs
four to six acre-feet per acre per year, in order to produce the best
results, the estimate of a need of an average of five acre-feet, as
received by the canals, or of four acre-feet when received by the
farmers, is evidently none too high.

ACREAGE THE AVAILABLE SUPPLY WILL IRRIGATE.

Number of Acres.

After agreeing upon the quantity of water that is to be con-
sidered our available supply, and upon the quantity needed per
acre for irrigation, the determination of the acreage the supply
will properly irrigate is a mere matter of division. Taking the
available water supply as 550,000 acre-feet per year, and the
average amount needed per acre per year as five acre-feet
the, area that can be properly irrigated with the available supply
under existing conditions, would be 110,000 acres. These figures
probably represent very closely the amount of land that could
have been advantageously cultivated during the past fourteen
years. Attempting the annual cultivation of more than the above
amount has evidently been undertaking the cultivation of more
than the available water supply. warranted. During winters when
the heavier precipitation in the mountains causes a greater river
flow than the average, land additional to the i Io,000 acres might
be devoted to the growing of grain. For example, during the
years 1895 and 1897 the winter river flow was sufficient to make
possible the diverting of 48,848 and 45,205, respectively, acre-
feet more than the 550,000 acre-feet used as a basis for the
calculations. As experience at the Farm shows that .o to
acre-feet per acre is sufficient to grow grain, i8,000 to 24,000
acres of grain might have been grown during the aboVe years
with the quantity of water above the average. But during each
of the past five seasons the total amount diverted has been below
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the average used as a basis for calculations; and the record of the
river flow, during the six years previous to 1895, indicates that
during three of these years the available supply was also below
the average adopted. The rainfall record .at the stations located
in the watershed of the Salt River indicates that during many
years previous to i888 (the year the record of the river flow
begins) the available water supply was below the average
adopted as a basis for calculations. If the past is to be a cri
tenon for the future, it seems quite evident that, under existing
conditions, 110,000 acres is as great an area as can be econoniically
irrigated with our average available water supply. It is not meant
by this that more might not be irrigated to advantage, if a better
System of water distribution and better methods of irrigation pre-
vailed. What is meant is that, with the system of distribution
and the methods of irrigation as they are today, i io,000 acres is
as large an area as our average available water supply will irri-
gat.e advantageously. Suggestions concerning means of increas-
ing this acreage will be given under a subsequent head.

Location of Acreage.

Having fixed upon IIo,000 acres (considerably less than
the area the cultivation of which is being, or has been, attempted,
and less than half the area under the canals of the Valley) the
next question of grave importance to be considered is the location
of the i 10,000 acres of land that should first be supplied with
water. Turning to the table made a part of the Kibbey decision,
we find that, according to the evidence presented to the court.
the above acreage is the area to which water had been applied up
to about the middle of the year 1887. At the beginning of the
above year, according to the decision of the court, approxi-
mately 105,000 acres had been cultivated, and at the end of the
year, about 125,000 acres. Hence, evidently early during 1887
the limit of 110,000 acres was reached. Judging from our present
knowledge of the past,the lands irrigated for the first time since the
above date, with the intent of cultivating them regularly are in ex
cess of the area that our average available water supply will advan-
tageously irrigate. It will be remembered that it was during the
year i 887 that the present "water-right'' system was inaugurated,
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and it has been largely due to this system that the area attempted
to be irrigated has been extended beyond the amount warranted
by .the available water supply. It is the belief of the writer that
the greatest good to the greatest number would be attained by
confining the, regular application of the public waters diverted
from the Salt River to the area first cultivated previous to i888.
For the facts that the waters of our streams are public, and that
it is the public weal and not the welfare of private individuals
that should be considered, must not be lost sight of.

The above figures are intended to express the number of
acres that it would be 'wise to attempt to irrigate regularly under
each canal. Besides the above amounts, additional lands could
be utilized during years of especially abundant water supply, as
already pointed out.

LOSS FROM ATTEMPTING To IRRIGATE TOO LARGE AN AREA.

But to attempt to cultivate yearly a larger area than i Io,000
acres, under existing conditions, does not seem advisable. Spread-
ing the available water supply over a larger area than can be prop-
erly irrigated by it is decidedly wasteful. The greater the area
the water is spread over, the greater will be the loss from evapora-
tion and from seepage. The escape of water directly from the
soil into the atmosphere, instead of passing out through a crop
and thus producing something of value, is a distinct and irrepara-
ble loss to khe Valley.

According to the Kibbey decision, the i lo,'000 acres would
lie about as follows:

Under the Salt River Valley Canal 19,500 acres
Maricopa Canal 21,400
Tempe Canal i8,000
San Francisco Canal 4,800
Utah Canal , 6,00
Mesa canal 12,200
Grand Canal. 7,600
Arizona. Canal 20,100

110,000 "
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A certain part of the depth of the water applied to a crop is
inevitably lost by evaporation. Increasing the area of land
to which a given quantity of water is applied by one-fourth,
for example, would cause a fourth more water to be thus lost. The
average loss from irrigated land in southern Arizona, judged by
experiments made at the Station Farm, is not less than one acre-
foot per acre per year. An increase in the area attempted to be
irrigated with our water supply by one-fourth, or from 110,000 to
137,500 acres, would consequently cause a loss of not less than
27,500 acre-feet. Counting the average amount the farmer needs to
receive per acre as four acre-feet, the above quantity of water
would irrigate properly 6,875 acreS. As the average gross return
per acre, with a sufficient water supply, is probably fully $20, the
gross annual returns from the above area would be $137,500.
Other things being equal, this would mean a loss of $137,500 to
the Valley annually. On the other hand, irrigating so small an
area that an equal amount would be lost by seepage, would cause
a like loss to the Valley.

MEANS OF INCREASING DUTY OF WATER SUPPLY.

The duty of our water supply, as discussed under the fore-
going head, referred to what it would irrigate under existing con-
ditions. That the existing conditions are not entirely satisfactory
will be quite generally admitted. That there is a possibility of
increasing the duty of the supply, by better methods of irrigation,
by better methods of farming, by a better system of water distri-
bution, and by the storing of flood waters, will likewise be quite
generally admitted.

BY JMPROVED METHODS OF IRRIGATION AND CULTIVATION.

As pointed out in Bulletin 41, it is of great importance that
the best methods of irrigation and cultivation be determined and
practiced. As stated there, the best methods of irrigation, in gen-
eral, are the methods that result in the passage out, through
other channels than the crop being grown, of as small a per-
centage as practicable of the water applied. As pointed out above,
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that part of the irrigating water that passes downward beyond the
reach of the roots of a crop, and does not return through the crop,
and the part that escapes directly from the soil into the atmos-
phere, and thus does not benefit the drop, are irrecoverably lost to
the Valley. Hence, in using irrigation water, two objects should
be kept in mind; i. the application of no more water than will
be beneficial to the crop irrigated, and, 2, the prevention so far
as practicable, of the loss of water by percolation and evaporation
directly from the soil.

The above ends are attained by, i. having the land properly
leveled, 2. planting the crop at the right time of the year, 3. ap-
plying water only when needed by the crop, 4. applying at each
irrigation only such a quantity as will be best utilized by the crop,
5. applying water in such a manner that as small a quantity as
practicable escapes from the lower part of the field, 6. applying
water by means of furrows to all crops not sown broadcast, and
7. giving thorough cultivation at the proper time after irrigation
through furrows.

It is of the greatest importance that land be properly "leveled"
before being planted to a crop. The surface should be as nearly
even as it is practicable to make it, all depressions being filled,
and all elevations being removed. Not only much water, but
much subsequent labor may be saved by carefully "leveling" a
field before seeding it. If depressions are left, water stands in
them, and, not only is much water thus lost by seepage, and by
the evaporation that precedes and follows bakin.g of the soil, but
the plants occupying them are seriously injured. On the other
hand, the elevations above the general level often do not receive
sufficient water. The annual losses due to a failure to properly
prepare land for a crop amount in the aggregate to much more
than is commonly realized.

The importance of planting a crop in the right manner is
illustrated by the results from the wheat plats given in Table
VI of Bulletin 41. The field of wheat sown in moist soil
gave a net return of 1.95 more per acre-foot of water applied
.than that sown in dry soil. Using this as a basis for a calcula-
tion, the annual gain to the Valley would be over a million dol-
!ars, if all the average available water supply were used for grain
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growing by the better method. A like saving on all crops that
are grown would result in an annual gain of the above amount,
without any change in the nature of the crops to which the Val-
ley is devoted.

The results from the wheat grown in 1901 also illustrates
the importance of planting a crop at the right time. The field
sown November 26. gave a gross return per acre of $2 .40 more
than the field sown January 3, and given the same amount of

I water. If the whole of the i io,000 acres that our water supply
will irrigate were devoted to wheat, the early sowing would result
in an annual gain of $264,000 to the Valley. The gross return in
1900 was $20 per acre more from potatoes planted January 17
than. from those planted February 7; and during 1901 the gross
return, was $15 more from potatoes planted February i than from
those planted February 22, the amount of water applied being
the same in each, case. It will thus be seen that the time of
plantinga crop has no small effectupon the returnsfrom the use
of a given amount of water.

Applying 'water to crops only when' needed, and in proper
quantities, affects very much the duty of water. Not only does
a loss of water result from a disregard of the above precautions,
but a crop may be injured by too early,, too frequent, or too heavy
irrigation. This is especially true of grains and other annual
crops. Applying water to grain before the soil is covered by the
plants results in "theloss of much more water froth evaporation
than is necessary, and exceSsive irrigation of grain . results not
only in an unnecessary loss of water, but causes young grain to
be checked in its growth and older graill to lodge.

Preventing the escape of 'water from the lower part of a field
is of great importance. If the field is to be flooded, as in the case
of alfalfa and ' grains, the lands should be laid out in such a direc-
tion that the fall will' not be greater than three inches to the hun-
dred feet, and they should be as 'nearly level from side to side as
practicable. In irrigatiHg through furrows, the fall should be two
to three inches per hundred-feet; and'sa small a stream should be
turned down each furrow that as nearly all the water as practica'-.
ble will find its way into the soil, and as little of it. as practicable
escape -from the lower ends. If the "waste" water from one field
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can be run upon a lower one, there will be no loss such as men-
tioned, but in most cases it makes its way down ditches, and is
largely lost to the Valley.

Applying water through furrows to all crops planted in rows
requires less water than by any other method. The water applied
penetrates into the soil, and a smaller percentage is lost by evap-
oration than if the land is flooded. Not only is the above true,
as shown by. experiments at the Station Farm, but the yield of
most crops is greater if irrigated through furrows than if flooded.

Thorough cultivation after the irrigation of crops planted in
rows results not only in a saving of water, but in a heavier yield.
An experiment made at the Station Farm illustrates the saving
effected by proper cultivation. A portion of an orchard, the most
of which was thoroughly cultivated, was left uncultivated from
March 5 to May 23. Determinations of the per cent of water iij
the upper live feet of each area, on the latter date showed that the
above stratum contained about two-tenths of an acre-foot per acre
less water in the uncultivated than in the cultivated area; A like
lbss from the r io,000 acres unde.r discussion would amount in the
aggregate to 22,000 .acre-feet, or enough to properly irrigate over
5,000 acres of land.

There seems little doubt that by improved methods of irriga-
tion and cultivation, such as discussed above, the amount re-
quired per acre from the available water supply might be reduced
from five to four and one-half feet. If so, the area cultivated
might be increased from 110,000 acres to over 122,000 acres. The
addition of over i 2,000 acres to the cultivated area would add
$240,000 to the annual income of the Valley, counting the annual
average gross return per acre at $20. Figures such as the above,
and such as given on previous pages, illustrate how important to
all the Valley is the saving of water, even in small quantities per
acre, by every means practicable. The saving and gains effected
in the aggregate by the means suggested above, would, the writer
believes, be enough in ten years to provide a good storage reser-
voir.

BY WATERING- STOCK P10M WELLS.

l'he practice of watering, stock from a body of water stored in
an excavation made in the ground results in the loss of much
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water in the aggregate. The short time that water is running in
a farmer's ditch, especially during the summer when water for
stock is most needed, makes necessary some provision for stock
water. In the past, owing to the depth to water over much of
the Valley, and the cost of a windmill to pump water, most farm-
ers have resorted to the use of the tank" or "adobe hole," as the
excavation for stock water is commonly called in the Valley.
According to an estimate made by Director R. H. Forbes, based
upon a canvass made under his direction, there were in 1900 about
750 such "tanks" in the Salt River Valley. One by one, these
stock-water ponds are being abandoned, as wells' are dug, and
windmills for pumping water erected. But the number in the
Valley is still large, and as fast as practicable the use of the exist-
ing ones should be discontinued.

The Tempe Canal Company no longer furnishes its stock-
holders with water especially for stock, and the sooner the farmers
make such provision for watering their stock as will make it possible
for the other canal companies to take a like step, the better it will
be for the Valley. To stop at once the use of irrigating water for
filling stock ponds would work a hardship; but these wasteful de-
vices can be grduallv abandoned, and no one be inconvenienced.
The individual farmer would eventually be the gainer, and the
Valley as a whole be greatly benefited.

BY CONDENSATION OF' DISTRIBUTING SYSTEMS.

It will certainly be evident to even the casual observer, that
considerable water is being lost annually by the great extent
of the distributing systems in proportion to the water to be dis-
tributed, and by the multiplicity of small ditches to carry water to
farms. Not only are small quantities of water carried long dis-
tances through large canals, but an unnecessarily large number of
small ditches are carrying small quantities of water long distances
to individual farmers. A shortening of the main canals and a re-
duction of the number of farm ditches would effect a saving of
water well worth consideration.

It has been unfortunate that canal construction has kept so
far in advance of what the distribution of the available water sup-
ply has made necessary. Now that they are constructed, and
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farmers have, in good faith, purchased lands and settled under un-
warranted extensions of previously existing canals, the solution of
the question as to how best to remedy the matter is no easy task.
The gradual abandoning of farms situated so far from the source
of supply that a satisfactory supply of water seldom reaches them,
is in one sense an unfortunate, though an effective, solution of the
question. Time may eventually remedy the mistake made by over
ambitious and over sanguine canal companies.

The reduction of the number of ditches leading from main
canals and their branches could be accomplished without working
a hardship upon anyone, and would result in a benefit to the in-
dividual farmer and to the Valley as a whole. For example, three
ditches leading from the Maricopa Canal run across the Experi-
ment Station Farm, where bne would suffice. The use of one
head-gate instead of three, the enlarging of one ditch to carry the
water now carried by the three, and the placing of division boxes
in the ditch at proper points, would result in a saving not only of
water, but of the land the extra ditches now occupy. The in-
stance mentioned illustrates a condition existing over much of the
Valley, especially on the north side of the river. The remedy
suggested could be applied in a large number of cases. Or, in-
stead of placing division boxes in the ditches, each farmer could
use the entire stream for a length of time proportional to his share
of the water, as is now done in some localities. The latter sys-
tem has its advantages for irrigation by flooding, since by this
method more satisfactory results can be obtained by the use of a
large stream for a short time, than by the use of a small stream
for a longer time.

BY PUBLIC rnsThImJTIoN OF WATER.

Terrilorial Need of Public Dis/ribulion.

As will be seen by reference to the preceding portion of the
bulletin discussing the statutes relating to the appropriation and
distribution of our water supply, the principles governing the ap-
propriation and the distribution of water from the streams of the
Territory are clearly stated in the acts of 1864. Such water is
declared to be public, the persons entitled to its use are defined,



114 BULLETIN 43.

the principle governing the division of the water when there is
not enough for all is clearly stated, and provision is made for over-
seers of community canals.

But no provisions were made for recording the claims to the
use of the public water of the Territory, for the prevention of the
diversion of water previously appropriated, nor for a general su-
pervision of the distribution of the appropriated public waters. As
a consequence, extravagant claims have been made to the waters
of our streams, water to which others were entitled by priority of
appropriation has been diverted from their courses, and supervi-
sion of the division of water among the various claimants has been
entirely lacking.

The need of a system of public distribution of the public
waters of the Territory has come to be felt more and more, as the
demands upon the streams have become greater, and litigation
over the rights to their waters has increased. That the waters of
our streams which our statutes declare to be public, and which
are, and ever will be, the basis of the wealth of the Territory
should be without public supervision is seen more clearly every
year to be an anomalous condition. Besides there being a Terri-
torial official or board to have general supervision over the irriga-
tion matters of the Territory, the need of an officer or officers for
the supervision of the distribution of the waters of each stream in
each cultivated valley is quite apparent.

The equitable distribution of our public waters would give a
stability to our agricultural communities that is at present lack-
ing. Without that stability there cannot be the permanent im-
provement that would otherwise take place. The uncertainty as
to the water supply of the future causes an uncertainty as to the
wisdom of making farm improvements. If each farmer could feel
assured of his water supply, he could make the best of the circum-
stances, economize in'the use of the water received, and make im-
provements with more confidence than under existing conditions.
This would result not only in increasing the acreage the availa-
ble water supply would irrigate, but in increasing the returns per
acre.
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Special Need in Sail River Valley.

There is special need of supervision of the distribution of the
water of the Salt River. As has been stated, the water commis.
sioner, acting under the orders of the district court, is supposed to
divide the water diverted from the river among the canals of the
Valley in accordance with the Kibbey decision and decree. But
there has been no definite determination of the rights of individ-
uals, and no attempt to distribute the water in accordance, with
the rights of individuals. There is great need of an adjudication
of the rights of individual claimants to the use of the public wa-
ters, either by existing tribunals, or by oflicials selected especially-
for the purpose. By supplementing the Kibbey decree with such
a determination and adjudication of the rights of individuals as is
essential to the welfare of the Valley, the enforcement of that de-
cree would be rendered easier, and its scope would be enlarged. c

Suggested iWeihod of Enforcing Kibbey Decree.

The Kibbey decree enjoined all the canals of the Valley from
diverting water from the Salt River
"except in the order of the respective appropriations by the owners or
occupants of lands, in such quantities under proper methods of irrigation
and cultivation to irrigate and cultivate the lands under said respective
canals as severally shown and set forth in the tabulated statement con-
tained lii the judgment and decision filed therein."

[The tabulated statement referred to is that given in Table
III of this bulletin.]

A difficulty in enforcing the decree has been the deter-
mining the necessary quantities of water under proper
methods of irrigation and cultivation to irrigate the lands under
the respective canals. As has been stated, the quantity needed
varies with the soil, the season of the year, and the crop being
grown. But in order to execute the decree, the year of the table
that is to be used as a basis for the division of the water of the
river among the respective canals must be fixed upon. To do
this easily necessitates the use (as a divisor of the quantity of water
in the river from day to day) of the quantity of water needed per
quarter section of land,a quantity varying with the three con-
ditions named. Since the soil is so varied on the same farm, and
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since the soil being cultivated by an owner or occupant is usually
that of his selection, this factor might, without doing any great
injustice, be disregarded. The two factors left to be considered
then, would be the time of year and the crop grown.

The estimate previously given of the amount needed annually
to properly irrigate an area devoted to mixed crops such as are
grown in the Valley was an average of five acre-feet per year, an
equivalent of a continuous flow of 4.4 inches per quarter section,

an inch being counted as a fortieth of a second-foot. But the
same amount throughout the season is not essential to successful

.farming. During parts of the year water can be used advantage-
ously in much larger quantities than is essential during other
parts of the year. From November to May inclusive, when grains
require the water used for their culture, and when the larger part
of the water needed by alfalfa and orchards may be advantage-
ously applied to much of the soil of the Valley, and during July
and August when summer crops are planted, and alfalfa is irri-
gated to produce the fall crop, are the parts of the year when the
most water can be used and need be used for the proper irrigation
of the lands of the Valley.

Fortunately it is during the above periods that water is com-
monly most abundant for irrigation. Thus, the times of the year
when water can be used advantageously, and the times when the
available supply is greatest are approximately coincident. This
suggests that, instead of using throughout the year the same di-
visor in determining the area the available water supply will prop-

erly irrigate, differnt divisors be used during different parts of
the year. These divisors could, by experience, be made to har-
monize more closely from year to year with the needs of the farm-

ers and with the varying water supply of the Valley.
As an illustration of how the suggestions made above might

be formulated, and to show what is meant by using different di-

visors during different parts of the year, the following table is in-

serted:
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The above, it is to be understood, is simply intended as an
illustration of how the provisions of the Kibbey decree might be
carried into effect. The figures in the first column are the divisors
to be used in determining' from the river flow the year in the Kib-
bey table to be used for determining the proportional parts of the
water supply to be allotted to each canal. In the second column
are given the average amounts considered as diverted each month
of the year, the figures being those from Mr. Trott's records of
the past seven years increased by ten per cent to bring them up
to what has been considered to be the average amounts diverted
during the past fourteen years. The figures of the third column
are those of the second column divided by those of the first col-
umn. In the fourth column these land areas are represented by
acres.

- For example, during February, 998 second-feet, the average
quantity during the past fourteen years, divided by i.,, the num-
ber of second-feet considered as allotted to each quarter section
for that month, gives 664 quarter sections as the area of land the
water supply would irrigate. Turning to Table III it will be
seen that 664 is just a little over the total number of quarter sec-
tions irrigated during i886, according to the Kibbey decision, the
amount given there being 656.25 quarter Sections. Using this
year as a basis for apportioning the water supply, the Salt River

Second-feet
allotted per

quarter
section.

Averagenuin-
ber second-

tet diverted,

Quarter 5cc-
lions supply
would irri-

gate.

lcres supply
would irri-

gate.

January 1.0 665 665 106,640
February 1.5 908 664 106,240
March 1.6 1101 688 110,080
April 1.7 1126 662 105,920
May 1.2 769 640 102,400
June 0.8 385 481 76,960
July 0.9 490 544 87,040
August 1.4 815 582 93.120
September 1.0 600 600 95,000
October 1.0 638 638 102,080
November. 1.0 641 641 102,560
December 1.0 661 661 105,760
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Valley Canal would be allotted 121.5 parts out of 656.25, or .185
of 998 second-feet, or 183.6 second-feet, or 7344 inches. By the
same method, the Maricopa Canal would be allotted 8i6o inches,
the Tempe Canal, 6348 inches, the San Francisco, 1751 inches, and so
on, the Arizona Canal receiving 6350 inches. During August,
according to the suggested method, the average water supply
would irrigate 582 quarter sections, making the year 1885 the
one to be used as a basis for calculations. Thus, the Salt River
Valley Canal would be allotted 120.5 parts out of 580.5, the Mar-
icopa, 133 parts, the Tempe, 98 parts, the San Francisco, 28 parts,
the Utah, 38 parts, the Mesa, 73 parts, the Grand, 46.5 parts, and
the Arizona, 43.5 parts.

It will be noted that the suggested method contemplates the
irrigation of the entire i to,000 acres decided upon as the area the
average available water supply would properly irrigate during
but one month of the year, namely, March, and that during June
but 76,960 acres would be supplied with water. It is not essen-
tial that all lands receive water during all parts of the year, as
has already been stated. During part of the winter, when water
would be needed for grain, for alfalfa, for orchards, for melon and
potato land, for small fruits and vegetables, and for nearly every-
thing grown in the Valley, the greater part of the entire area
being cultivated could use water advantageously. But as the
winter irrigation of orchards ceased, as grains matured, and as
alfalfa came to require less water, the area being irrigated would
diminish. During June no water would be needed for grain, none
for deciduous orchards, and none for potatoes, and alfalfa would
not suffer seriously if it received no water.

Instead of all lands receiving water during all parts of the
year, it would be more economical to concentrate the water upon
lands most needing it, and leave others without water for a time.
Instead of all alfalfa lands receiving a small quantity of water
during times of scarcity, it would be more economical for part of
the lands to be given enough water to properly irrigate them, and
let other lands lie without water.

It will also be noted that no water would be allbtted to the
Arizona Canal during June of average years, according to the
suggested method. But this would work no hardship, if the
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lands under that canal were used only for grains, alfalfa, orchard
fruits, and such other crop's as do not absolutely need water dur-
ing that month, and if stock and sniall garden plants were watered
from wells. If, instead of a small quantity of water, much of
which quickly escapes into the air, being spread over a large area,
it would be more economical to allot this water to lands in suffi-
cient quantities to accomplish satisfactory results. The good of
the Valley demands that the present wasteful system of distribu-
tion, especially of summer water, be discontinued, and that, by a
system of public distribution, the water be allotted to the canals of
the Valley in just proportions, anil used upon lands in such quan-
tities as will bring about the best results.

BY WATER STORAGE.

The most effective means of increasing the duty of our water
supply would undoubtedly be by providing storage facilities for
equalizing the flow of the river. Disregarding for the time the
increasing of our water supply by water storage, a subject that
will be discussed under a succeeding head, the distribution of the
available water supply more evenly throughout the year would
add greatly to its duty. Not only would the acreage the supply
would irrigate be increased, but the crop returns per acre would
be larger.

It is no more than reasonable to estimate that with water
available for irrigation when most needed, and in only the quan-
tities needed, such a saving of water might be effected that the
average amount needed per year per acre might be reduced from
the estimated five acre-feet to four and one-half acre-feet per acre
per year. Hence, the 550,000 acre-feet considered as our availa-
ble water supply would irrigate over 122,000 acres, an increase of
12,000 acres over the i io,000 acres previously discussed. Count-
ing $25 per acre as the gross returns per annum under the im-
proved conditions, the 'annual income of the Valley would be in-
creased $300,000enough to build the Tonto clam in ten years.

But besides increasing the acreage, the returns per acre of
the entire area would naturally be decidedly increased. Irrigat-
ing crops when they most needed water would cause a marked in-
crease in yields; and the possibility of obtaining water throughout
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the year as it was needed would make possible the cultivation of
land that would otherwise lie idle part of the year at least. In
making a calculation on a previous page, $20 per acre was used
as the estimated average gross returns per acre per year under
existing conditions. It would be a very conservative estimate
that, with water storage, the gross returns would be increased to
$25 per acre annually. The gross returns of the Valley would
thus be increased from $2,200,000, per annum to $3,050,000, an
increase of $850,000 gross returns annually, enough to build the
Tonto dam in three years.

MEANS OF INCREASING AVAILABLE WATER SUPPLY.

The means of increasing our available water supply is natu-
rally a topic of the greatest interest to all in this Valley. Under
preceding headings, the available water supply as it has been dur-
ing the past fourteen years, and as it is likely to be under natural
conditions during the future, has been discussed from various
standpoints. Attention will now be turned to a consideration of
means of increasing the quantity of the supply of water available
for irrigation. The two principal methods of doing this are by
pumping water from wells, and by providing water storage
facilities.

BY PUMPING FROM wELLS.

While, under the conditions existing in the Salt River Valley,
the available water supply may never be increased by a very
large percentage by pumping water from wells, it is probable that
an increasing quantity will be pumped from year to year as addi-
tional experience is gained. In Ca1iornia the amount pumped
has increased very much during the past few years. Though the
greater cost of fuel makes the pumping of the water more expen-
sive here than in California, the higher price of many of our
products will make pumping equally profitable for some crops.

Experience indicates that oniy under the most favorable con-
ditions as to motive power, location, and soil can water be pumped
profitably for the irrigation of alfalfa. Dr. A. 3. Chandler is irri-
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gating alfalfa near Mesa with water pumped from a depth of 45
feet by the use of electricity generated by water power, at a cost
that promises to make the venture profitable. By utilizing water
power in other parts of the Valley, considerable water could prob-
ably be pumped at an expense making it profitable even for such
a crop as alfalfa. But for crops yielding large returns per acre,
such as orchard fruits, melons, tomatoes, strawberries, and garden
vegetables, pumping water to supplement the supply received
from the canals would be not only practicable, but profitable,
where the distance the water must be lifted is not too great.

BY CONSTRUCTION OF TONTO DAM.

The most effective means of increasing the available water
supply of the Salt River Valley is by the construction of dams
for impounding the flood waters of the Salt River and the Verde
River. As has been pointed out, less than half of the total water
supply of the Valley during the past fourteen years has been
diverted and used. The remainder has flowed down the river
on its way to the ocean. To arrest and store these flood waters
has been the purpose of the people of the Valley for many years.

The most important storage enterprise, both of the Valley
and of the United States, is the construction of a dam upon the
Salt River in a narrow gorge below what is known as the Tonto
Basin. The construction of this dam has been under considera-
tion for many years, and hopes are still entertained that by some
means the plans will be consummated. By the erection of a dam
a little over 200 feet high, a reservoir with a capacity of over
800,000 acre-feet is secured.

There has been much difference of opinion as to the results
that would follow the construction of the Tonto dam. Some have
claimed that enough water would be impounded to irrigate sev-
eral thousand acres besides the area lying under the existing
canals, while others have claimed that the reservoir would prove
of little utility, as there never would be enough surplus water to
fill it. That the first claim mentioned is an extravagant one is
evident from the. data given in the disussion of the total water
supply; and that the other claim is groundless is also quite evi-
dent from Table I, giving the river flow.
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Es/imaled resull of cons/ru c/ion of Tonto dam.

For the purpose of throwing some light upon the question.as
to how much land might be irrigated, if the Tonto reservoir were
in existence, computations were made and diagrams prepared by
the writer for presentation to the Water Storage Committee hold-
ing sessions during the fall of 1900. Part of the results of these
computations are given in Table V. The original table has been
abridged and brought up to the year 1902, and small diagrams
prepared from the original large ones, by Griffin V. McClatchie,
for insertion into this bulletin,

The table and diagrams are based upon the recorded river
flow during the past fourteen years. \Vith this as a basis, an
attempt is made to exhibit, as the result of actual computation,
the amounts that might have been stored during each
month of the past fourteen. years and the amounts that
would have been in the reervoir each month, provided
that a certain fixed amount had been used monthly.
The purpose is to illustrate approximately what would occur,
should the conditions of the past fourteen years be repeated.
While it is hoped that there will not be a recurrence of such
seasons as have been experienced during the pas few years, yet
we have no assurance that there will not be, and the safest way
is to use the past as a criterion for the future, and act accordingly.
It is. for the purpose of furnishing data to be used as a criterion
for the future that the table and the diagrams that follow are
given.

Explanation of Table V.

In the first column of the table are given 'approximate esti-
mates of the discharge of the Salt River at the Tonto reservoir.
These figures are obtained by deducting ten per cent from the
flow of the river at the mouth of the Verde, as it is estimated that
ten per cent of the watershed of the Salt River lies below the
Tonto reservoir site. For a basis for making the deductions, the
flow of the Salt River aboe the Verde was used for the periods
of which there is a separate record for this stream. For the re-
maining periods, such a portion of the flow of the river at the
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Arizona Canal dam is used as the available records indicate that
the Salt River above the Verde contributes to the entire flow of
the river, during the several months of the year. According to
available records. the amount contributed by the Salt above the
Verde varies from about 50 per cent during October to 80 per
cent during May, the average being, as ha-s been previously
stated, about 60 per cent. The figures given in the second column
are the results of measurements of the Verde for periods of which
such separate records are available, and for the remaining periods,
the portion, for the several months of the year, that the records
indicate the Verde River has contributed to the flow of the Salt
River at the Arizona Canal darn, the average being, as will be
evident from what has been stated concerning the Salt River, 40
per cent.

While it is evident from the above that the figures used as a
basis for the computations are somewhat conjectural, it is believed
that they are sufficiently accurate to be safely used for ascertain-
ing approximately what would have occurred had the Tonto darn
been in existence during the period covered. It is believed that
the results of the calculations are sufficiently reliable to be used
as a basis for judging of future possibilities. Errors made as the
result of incomplete data are likely to so balance one another
that the final results are not seriously affected by them. At
any rate, it is not safe to confidently count that the actual results
from the construction of a dam will be better than the figures
given below indicate.

In beginning work upon the preparation of the table during
1900, it was seen by the writer that in order to obtain definite
results, it would be necessary to fix upon some definite amount
as the quantity to be used regularly for irrigation. It was found
necessary to make several test tables, before such a quantity could
be fixed upon. The average amount diverted each month by the
canals, it will be remembered, has been about 42,000 acre-feet dur-
ing the past seven years, and the total monthly river flow has
averaged approximately iOO,00o acre-feet during the past four-
teen years. The amount that could be used, if water were
stored in the Tonto reservoir, would lie somewhere between
42,000 and Ioo,000 acre-feet per month. The amount fixed
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upon as the one that the conditions of the past would justify the
use of, was 6o,00o acre-feet per month. Whenever the river
flow has been greater than this amount, that part of the sur-
plus flowing in the Salt River has been counted as stored in
the reservoir. During the months that the flow of the Verde
has been 6o,00o acre-feet or more, the entire flow of the Salt
at the reservoir is counted as stored, and the flow of the
Verde counted as used for irrigation during that month. When
the combined flow of the two branches is not over 6o,000
acre-feet during any month, the separate amounts contributed
by the respective branches are not computed, the river flow
amounts in such cases being placed midway between the first
two columns.

In the third column are given the quantities added to, or
taken from, the reservoir each month. The figures expressing
quantities to be stored are printed in bold-face type. The re-
maining figures express the respective amounts that it would be
necessary to withdraw from the reservoir each of the res-
pective months to make up the 6o,000 acre-feet fixed upon as
the quantity used each month. During the months that the flow
of the Verde River and of the Salt below the reservoir was suffi-
cient to supply the 6o,000 acre-feet needed for irrigation, the
figures in the first and in the third columns are the same. Dur-
ing the remaining months the figures in the third column are
6o,000 minus those in the first column.

In the fourth column are given the estimated losses due to
evaporation. These figures are based upon evaporation records
at the Station Iarm and at the University, near Tucson, and the
area of the reservoir when containing the respective quantities
given in column five. It is believed that experience would prove
them to be fairly accurate. During the months that rain fell in
the watershed, the amount recorded at the rainfall stations is
deducted from what would otherwise have been the loss for the
month.

The figures in the fifth column express the quantities of
water that is estimated would have been in the Tonto reservoir
at the end of each month. The capacity of the reservoir is
counted as 840.000 acre-feet, the quantity that, according to fly-
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drographer Davis' report to the Water Storage Commissioners,
the proposed reservoir will hold. The process of adding to and
drawing from the contents of the reservoir is like the running of
a bank account with a bank capable of receiving a certain limited
amount on deposit. During and, following storms, water would
be stored, or deposited, and 'during months that the Verde River
did not furnish 6o,000 acre-feet,water would be withdrawn. The
amount in the reservoir at any one time would depend therefore
upon the relation between the additions due to precipitation in
the watershed, and th quantities lost by evaporation and with-
drawn for irrigation. While the additions are in excess of the
subtractions, the reservoir fills, until the limit of its capacity is
reached, and during the remainder of the time 'the reservoir
empties.

With the foregoing explanations, and with the understanding
that the table and the diagrams are presented simply as estimates
based upon somewhat unsatisfactory data, Table V is inserted, to
be taken for whatever it is considered to be worth. The writer
considers it of sufficient value to be a criterion of what may occur,
should we be so fortunate as to secure the Tonto reservoir.

In the diagrams, the lower irregular line represents the flow
of the Salt River below the mouth of the Verde, and the upper
line, the estimated reservoir contents.
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TABLE V.-ESTIMATE OF CONTENTS OF PROPOSED TONTO

Surphe i, heavy-fared type.

RESERVOIR, ir 6o,000 ACRE-FEET IIAD BEEN
USED FOR IRRIGATION MONTHLY.

Year.
Discharge of rivers.

Surplus or
deficiency.

Estimated
loss from

reservoir.
Amount in
reservoir.Salt at

reservoir.
Verde at
moulh.

1888 Acre- feet ,lcre-feet ,4cre-fee A cre-feel
Aug 21,000
Sept 21,000
Oct 20,000
Nov 50,000
Dec 221,000 165,000 221 ,000 22[,000

1889
Jan 194,000 145,000 I 94,000 415,000
Feb 77,000 58,000 77,000' 2,000 490,000
March 288,000 215,000 288,000 2,000 776.000
April 126,000 95,000 120.000 4.000 840.000
May.... 43,000 16,000 3,000 9,000 834,000
June 27,000 33,000 10,000 791. 000
July 30,000 30.000 8,000 771,000
Aug 25,000 35,000 3,000 733000
Sept 30,000 30,000 6,000 697,000
Oct 27,000 33,000 4.000 660 000
Nov 34,000 26.000 2,000 632,000
Dec .... 189,000 140,000 189,000 821,000

1890
Jan 165,000 123.000 165,000 840,000
Feb 302.000 224,000 302.000 1,000 840,000
March. 211,000 155,000 211,000 4,000 840,000
April 59,000 44,000 49,000 3,000 840,000
May 56.000 4,000 9,000 827,000
June. 30,000 30,000 10,000 787 000
July 32,000 28,000 6,000 753 000
Aug 130,000 96,000 130,000 1,000 840.000
Sept 72,000 60,000 72,000 5,000 840,000
Oct 86,000 64,000 86.000 2,000 840,000
Nov 153,000 110,000 153,000 840,000
Dec 201,000 150,000 207,000 840,000

1891
Jan 113,000 85,000 113,000 840,000
F'eb 1,0763000 979,000 1,070,000 840,000
March 162,000 120.000 162.000 4,000 840,000
April 85,000 65,000 85,000 5,000 840,000
May 81,000 60,000 81,000 8,000 840,000
June 50,000 21,000 19.000 9,000 840,000
July 46,000 14,000 8,000 818,000
Aug 48,000 12,000 5,000 801,000
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* Surplua lu heavy-faced type.

TABLE V.-CONTINIJED.

Year.
Discharge of rivers.

Surplus or
deficiency.*

Estimated
loss from
reservoir.

Amount in
reservoir.Sail at

reservoir.
l'erde at
mouth.

1891

Sept.
Oct
Nov
Dec

Acre-feet

34,000
30,000
30,000
40,000

Acre-feet

26,000
30,000
30,000
20,000

Acre-fret

6,000
5,000
2,000
2,000

Acre - feet

769,000
734,000
702,000
680,OJ)0

1802

Jan 41,000 19,000 1,000 660.000
Feb 90,000 70.000 90,000 750000
March 45,000 50,000 39,000 3,000 786,000
April 60,000 4,000 782,000
May 30,000 30,000 0.000 743.000
June 22,000 38,000 10,000 695.000
Jtily 24.000 36,000 9,000 650,000
Aug 18. 000 42,000 4,000 604,000
Sept 27,000 33,000 5,000 566,000
Oct 30,000 30,000 4,000 532,000
Nov 33,000 27 .000 2,000 503,000
Dec 19,000 41,000 1,000 461.000

1803

Jan 33,000 27,000 1,000 433,000
Feb 42,000 37,000 23,000 2,000 454.000
March 99 000 78.000 99,000 3.000 550,000
April 62,000 17,000 26,000 5.000 571,000
May 48,000 12,000 ,000 554,000
June. 13.000 47,000 7,000 500,000
July 35000 25,000 6,000 469000
Aug 55,000 40,000 40,000 2,000 507 000
Sept 30,000 31,000 5,000 4,000 508,000
0 ct 46,000 14,000 3,000 491,000
Nov 35,000 25.000 1,000 465,000
Dec 38,000 22,000 1,000 442,000

1894

Jan 17,000 43,000 399,000
Feb 32,000 28.000 2,000 369,000
March 48,000 33,000 20,000 2,000 345,000
April 50,000 10,000 4,000 331,000
May 40.000 20,000 4,000 307,000
June 30,000 30,000 5,000 272,000
July 30,000 30,000 5,000 237,000
Aug 60.000 237,00C
Sept 60,000 2,000 235,000
Oct 60,000 2,000 233,000
Nov 30,000 30,000 1,000 202,000
Dec 90,000

I
70,000 90,000 292,000
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TABLE V.-CONTINUED.

Year.
Discharge of rivers.

Surplus or
deficiency."

Estimated
loss from
reservoir.

Amount in
reservoir.Salt at

reservoir.
Verde at
mouth.

1895
Acre-feet Acre-feet Acre-feet .4cre-feel

Jan 313,000 244,000 313,000 605,000
Feb 65,000 84,000 65,000 2,000 668,000
March 87,000 177,000 87,000 4,000 751,000
Apri'. 81,000 36,000 66,000 5,000 812,000
May 49,000 11,000 9,000 792,000
.June... 24,000 36,000 10,000 746,000
July 18,000 42,000 10,000 694,000
Aug 58,000 2,000 692,000
Sept 31,000 29,000 5,000 658,000
Oct 83,000 27,000 59,000 2,000 715,000
Nov .... 67,000 25,000 40,000 755,000
Dec 50,000 26,000 22,000 1,000 776,000

1896
Jan 52,000 8,000 2,000 766,000
Feb 44,000 16,000 3,000 747,000
March 68,000 17,000 32,000 4,000 775,000
April... 56,000 15,000 17,000 5,000 787,000
May.... 38,000 22,000 8,000 757,000
June 19,000 41,000 9,000 707,000
July 50,000 35,000 31,000 6,000 732,000
Aug 58,000 42,000 46,000 2,000 776,000
Sept 33,000 31,000 8,000 6,000 778,000
Oct 55,000 5,000 2,000 771,000
Nov..... 53,000 7,000 1,000 76,000
Dec 42,000 18,000 1,000 744,000

1897
Jan 168,000 125,000 168,000 840,000
Feb. 58,000 43,000 47,000 1,000 840,000
March 140,000 81,000 140,000 3,000 840,000
April 297,000 83,000 297,000 5,000 840,000
May 67,000 17,000 31,000 8,000 840,000
June. 30 00 30,000 9,000 801,000
July 18 00 42,000 9,000 750,000
Aug 45,000 15,000 4,000 731,000
Sept 65,000 I 67,000 65,000 4,000 792,000
Oct 48,000 12,000 3,000 777,000
Nov 33,000 27,000 2,000 748,000
Dec 35,000 25,000 1,000 722,000

1898
Jan 44,000 16,000 700,000
Feb 35,000 32,000 11,000 1,000 716,000
March 43,000 30,000 18,000 3,000 731,000
April... 50,000 14,000 9,000 3,000 737,000
May 39,000 21,000 6,000 710,000
June 19,000 41,000 7,000 662,000
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TABLE v.-c0NTINUED.

Year.
Discharge of rivers.

Surplus or
deficiency.

Estimated
loss from
reservoir.

Amount in
reservoir.Salt at Verde at

reservoir. mouth.

1898 Acre-feet Acre-feet Acre-feet Acre-feet
July 56,000 4,000 6,000 652,000
Aug 28,000 30,000 1,000 2,000 651,000
Sept 42,000 18,000 6,000 627,000
Oct 18,000 42,000 8,000 582,000
Nov 23,000 37,000 2,000 543,000
Dec 34,000 26,000 1,000 516,000

1899
Jan .... 42,000 18,000 498,000
Feb 38,000 22,000 1,000 475,000
March, 41,000 19,000 3,000 453,000
April. 44.000 16,000 4,000 433,000
May 25,000 35,000 5,000 393,000
June 17,000 43,000 5,000 345,000
July.... 38,000 22,000 4,000 319,000
Aug. 32,000 I 34,000 10,000 3,000 326,000
Sept 33,000 27,000 4,000 295,000
Oct 45,000 15,000 2,000 278,000
Nov 26,000 34,000 1,000 243,000
Dec 26.000 34,000 209,000

1900
Jan 27,000 33,000 1,000 175,000
Feb 24,000 36,000 1,000 138,000
March 24,000 36,000 1,000 101,000
April 25,000 35,000 1,000 65,000
May 29,000 31,000 2,000 32,000
June 10,000 50,000 1,000
July 7,000 53,000
Aug 18,000 42,000
Sept 14,000 46,000
Oct 22,000 38,000
Nov 50,000 10.000
Dec 27,000 33.000

1901
Jan.... 53,000 7,000
Feb 135,000 85.000 135,000 135,000
March. -. 77,000 45,000 70,000 1,000 204,000
April 60,000 2,000 202,000
May 49,000 11,000 3,000 188,000
June 19,000 41,000 4,000 143,000
July 27,000 33,000 3,000 107,000
Aug 31,000 33,000 7,000 1,000 113,000
Sept 17,000 43,000 2,000 68,000
Oct 15,000 45,000 1,000 22,000
Nov 23.000 37,000
Dec 23,004) 37,000
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Discussion, of Table of Estima/es.

It will be seen that, according to the table, the reservoir would
have filled during the winter of 1889, during the winter of 1890,
during the summer of 1890, during the winter of r 891, and during
the winter of 1897. From January to the end of April, 1890, the
reservoir would have stood full, and 690,000 acre-feet would have
flowed through and out of it. From August, t8go, to June, 1891,
it would have stood full, and approximately 2,000,000 acre-feet,
enough to have filled the reservoir two and one-third times, would
have wasted out of the reservoir. During the winter of 1897
about 685,000 acre-feet would have wasted out of the reservoir.
In all, approximately 3,620,000 acre-feet of the approximately
Io,000,000 acre-feet (or over a third) that has flowed down the
Salt River above the Tonto dam site during the past fourteen
years would not have been impounded in the Tonto reservoir,
had it been in existence. Allowing for the ten per cent of the
watershed this side of the Tonto dam site, over 4,000,000 acre-
feet would have flowed down the Salt River to join the Verde
River. In addition to this, 2,375,000 acre-feet, besides the 6o,-
coo acre-feet per month counted as used for irrigation, would
have flowed down the Verde. Considerable of this amount could
have been diverted and used during high water. In all, probably
6,000,000 acre-feet, or about 36 per cent, of the estimated i6,800,-
doo acre-feet that has flowed down the Salt River during the past
fourteen years would have wasted down the river, even though
the Tonto reservoir had been in existence.

It will be remembered that it was estimated that over one-
half, or approximately 54 per cent of the total water supply, has
wasted down the river during the past fourteen years. The dif-
ference between this amount and 36 per cent, or i8 per cent,
would represent approximately the portion of the total supply
that would have been impounded by the Tonto reservoir, had it
been in ekistence during the past fourteen years. Hence, i8 per
cent (minus the amount that would evaporate) of the I,2oo,000
acre-feet per year total water supply, if the past is a criterion for
the future, would be approximately the average amount added
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annually to our available water supply by the construction
of the Tonto dam.

From the winter of 1891 to the winter of 1895, the contents
of the reservoir would have fluctuated slightly, but as a whole
would have gradually decreased, according to the calculations,
the contents becoming reduced to 202,000 acre-feet. During the
winter of 1895, it would have nearly filled, and would have re-
mained nearly full until the winter of 1897, when it would have
overflowed for several months. From the latter season tO the
summer of 1900, with the exception of slight fluctuations, the
contents would have gradually diminished until the reservoir
would have become empty during June of that year. During
the winter of 1901 enough would have been added to have lasted
until November of that year, since which time the reservoir
would again have been empty.

Had the light-rainfall of 1891-1894 continued a year longer,
the reservoir would evidently have been empty by the end of the
summer of 1895, since, according to the computations, there
would have been but 202,000 acre-feet in the reservoir when the
rains of the winter of 1895 began.

During the past seven and one-half years, the period that
would have been the trying one on the reservoir, there have
been, according to Mr. Trott's record, five months during which
the diversion of more than 6o,000 acre-feet by the canals of the
valley and the flow of a sufficient amount in the Verde River to
have supplied the full amount actually diverted were coincident.
By using more than 6o,000 acre-feet during such months, and a
correspondingly less amount during succeeding months when the
total river flow was less than 6o,000 acre-feet per month, a small
saving could have been affected. Computed in accordance with
the above, the reservoir would have become empty during the
summer of 1900 about one month later than the time given in the
table. Also, during the fall of igoi, there would have been
water in the resetvoir about a month longer. Computed by days,
the time that water would have been inthe reservoir would be
lengthened a little more.

An important question to be considered is whether 6o,000
acre-feet per month is the amount that could have been used for



'34 BFLLETIN 43.

irrigation in the Valley most advantageously; or whether larger
or smaller amounts should have been witldrawn from the reser-
voir. According to the computations, the use of 6o,00o acre-feet
per month would have resulted in the reservoir being empty over
six months of 1900. and from November, 190 i, to the present time
(June, 1902). The use of 50,000 acre-feet per month, instead of
6o,000, would have resulted, according to computations, in the
reservoir not being emptied at any time during the fourteen years.
But the period during which the reservoir would have been
empty is such a small part, comparatively, of the entire fourteen
years, that it might be more economical to endure such occas-
sional shortages of water rather than reduce the amount used
during the whole period. However, the lack of water during
such periods, short as they might be, would be so keenly felt that
the question as to whether they should be obviated, if practicable,
is worthy of careful consideration. The supply of water would
have been so plentiful during much of the fourteen years, that it
would evidently be advisable to use as large an amount as possi-
ble without resulting disastrously during periods of drought.

The question as to whether, in view of the experience of the
past, it would be safe to count on the use of a larger average
amount than 6o,000 acre-feet per month is an important one. The
writer prepared a table based upon the use of 75,000 acre-feet per
month, and found that, according to his computations, the reser-
voir would have been empty from November,1892,to March,1893;
from May, 1893, to December, 1894; from September, 1898, to
February, 1901; and from July, 1901 ,to the present time (June, 1902),
if the above amount had been used monthly. Such frequent and
such protracted periods of water shortage due to the reservoir
being empty, would make agriculture altogether too uncertain.
It is evidetit that little, if any, more than, an average of 6o,000
acre-feet per month could be safely counted on as the regular
available supply, if the Tonto dam were constructed.

Acreage Increased Supply Would Irrigate.

A question of the greatest importance to be considered is the
area that might be irrigated, should Tonto dam be constructed.



UTILIZING OUR WATER SUPPLY. 135

If the computation of the area is to be based upon the 6o,000
acre-feet counted as used monthly, the only factor left to be fixed
upon is theverage amount needed per are annually in order to
conduct farming operations most successfully, with the supply reg-
ulated by a reservoir. Very few definite data are at hand to
assist in forming an accurate estimate of the amount needed under
such conditions; but, judged by such data as have been presented
in the discussion of the duty of our present supply, and by such
other data as are available, an average of .5 acre-feet per acre
per year at the reservoir and in the Verde River would be needed
for economical farming. Making the necessary deduction of 25
per cent for loss during transmission from the reservoir and from
the Verde River to the land being irrigated, an average of 3.375
acre-feet per acre would remain for actual application to the soil.
As grain and alfalfa, the two principal crops of the Valley require
respectively two to three feet and four to five feet, in order to pro-
duce the best results, the above estimate is evidently none too
high. If, then, .5 acre-feet be the average amount needed per
acre per year, with a reservoir to regulate the supply, the 6o,000
acre-feet per month, or 720,000 acre-feet peryear, counted as used
for irrigation, would equal an amount of water sufficient to irri-
gate i6o.000 acres.

The location of the above i6o,000 acres is the next question for
consideration. The question as to the relation of stored water to
land is a perplexing one. Many different views are held concern-
ing the question, there not seeming to be as yet any consensus of
opinion updn any one view. In the opinion of the writer, all
streams being public, regardless of their size at any particular
time, it would be public water that would be stored in the reser-
voir, and hence water that would be subject to the existing laws
governing the appropriation and distribution of water. But,
whether this bethe correct view of the matter or not, it certainly
seems but fair that lands should be furnished with stored water in
the order in which they have been cultivated, provided their
owners or possessors are willing to pay a just sum for the storage
and delivery of such water. For, if those who cannot be furnished
during times of a scarcity of water, after the needs of the earlier
appropriators are supplied, have made an appropriation of water,
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it must be an appropriation of water flowing during times of
heavier river flow. If, instead of attempting to use the larger part
of the water to which their land is entitled during hih water, a
part of it were used, and the remainder stored, so much better
results could be accomplished.that such appropriators could well
afford to pay for storage.

It was estimated that an average of 550,000 acre-feet has
been diverted anuually during the past fourteen years. It would
be much more economical for the appropriators of the above water
to receive that to which their lands are entitled in approximately
regular installments of one-twelfth of 550,000, or 46,800, acre-feet
per month, than to attempt to make use of their appropriations as
the fluctuating river flow would furnish it. If appropriators who
cannot be furnished during a scarcity of water, are willing to pay
a just sum for the storage and the regular delivery of the water to
which they are entitled, they certainly should be served with
stored water, in the order of their respective appropriations.

The difference between 720,000, the number of acre-feet
counted as used annually from the reservoir, and 550,000, the av-
erage number of acre-feet estimated as annually diverted from the
river during the past fourteen years, or an average of 170,000
acre-feet, might naturally be considered as heretofore unappropri-
ated water, since it has been permitted to flow out of the Valley
on its way to the ocean. It seems but just, however, that owners
or possessors of land already cultivated should be permitted to re-
ceive stored water in preference to others. And it seems that the
fairest method would be to serve such lands in the order in which
they have been cultivated. In determining the location of the
r6o,000 acres that it has been estimated might be irrigated, if the
Tonto dam were in existence, the Kibbey table would be, then,
the fairest existing guide.

Turning to Table III, it will be seen that i6o,000 acres, or
i,000 quarter sections, would be about the amount under cultiva-
tion. at the end of 1890. Using the last year of the table as a
guide, the i6o,00o acres that it is estimated might be cultivated if
the Tonto dam were in existence, would lie about as follows:



i6o,00o

If, by improved methods of irrigation and cultivation, and by
other means that would effect savings of irrigating water, four
acre-feet per acre at the source of supply should come to be suffi-
cient for economical farming in the Valley, the 720,000 acre-feet
counted as used annually if the Tonto darn were in existence,
would be sufficient for iSo,000 acres. This would add 20,000
acres to the above, much of which would lie under the Grand,
the Arizona, the Highland, and the Consolidated canals.

The construction of Tonto dam would undoubtedly at least
double the amount of agricultural products grown in the Valley.
For, although the contemplated acreage would be increased only
about one-half, the yield per acre over the whole Valley would be
so much greater that the above increase could be confidently ex-
pected. Besides the increase in the yield of staple crops, the pos-
sibilities of intensified and diversified cultivation would be so much
greater, that more valuable crops could be grown with the regu-
lated water supply than is practicable with the present fluctuating
supply. 'We ship into the Valley regularly large quantities of
horticultural products that might be grown here, if we had a re-
liable water supply. The increased and more regular water sup-
ply would undoubtedly result in the returns from the Valley, and
its consequent ability to support population, being increased two
to three fold. Besides this, there would result a stability of val-
lies, and an increased incentive to the making of permanent im-
provements that would add greatly to the desirability of the Valley
as a place for home-making.

UrILIzING OUR WArER SUPPLY.
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20,000 acres
Maricopa Canal 22,000
Tempe Canal 18,500
San Francisco Canal 5,000
Utah Canal 9,000
Mesa Canal 13,500
Grand Canal 8,000
Arizona Canal 6o,000
Highland Canal 4,000
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BY THE CONSTRUCTION OF MCDOWELL DAM.

The construction of a dam at the Contemplated site about a
mile above the mouth of the Verde River would further increase
our available water suppiy. Whether the physical conditions at
the dam site are such as would warrant the construction of a dam
there, is a question that will not be considered here, the discussion
being confined to the result that would follow the consummation
of such an enterprise.

Fig. 9. McDowell dam and reservoir site, on Verde River.

Counting the maximum capacity of the reservoir that would
result from the construction of a dam at the McDowell darn site
at 300,000 acre-feet, tables were prepared to determine how much
additional land might be cultivated if the McDowell, as well as
the Tonto dam were constructed. According to the computations,
had both darns been in existence during the past five years, 6o,000
acre-feet might have been used monthly without exhausting the
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water stored in the two reservoirs. During all but the past three
years, a considerably larger quantity than the above might have
been safely used, and consequently a considerably larger area irri-
gated than the i 6o,00o to i 8o,000 acres previously discussed.
Since a large part of the flow of the Verde River has been counted
as used for irrigation while water was being stored in the Tonto
reservoir, the additional amount of land that might be cultivated,
if the McDowell dam as well as the Tonto dam were constructed,
is not so great as would seem probable at first thought. In view
of the estimated cost of the dam in proportion to the water that
would be impounded, it is probable that the Valley had better be
content, for some time at least, with utilizing the water of the
Verde for temporary use only.

DANGERS FROM ATTEMPTING TO IRRIGATE TOO LARGE AN AREA.

A serious danger, when a storage reservoir is contemplated,
is that the amount of land which may be properly irrigated, when
the reservoir is in existence, may be over-estimated. No greater mis-
fortune could befall the Valley than a mistaken attempt to irri-
gate a considerably larger area than the increased water supply
would warrant. All would go well during years of abundant
water supply, but during years of scanty rainfall the suffering
wOuld be far greater than ever experienced heretofore. If during
the years i888 to 1891, inclusive, for example, land had been put
under cultivation and settled to the extent that the water supply
would have made possible, there would have been great suffering
during 1894. For, when the reservoir supply beëame exhausted,
as would have been the case, had too large drafts been made upon
it, the entire area under cultivation, and the entire population of
the Valley would have become dependent upon the small river
flow that inevitably accompanies a drought.

During the fast three years the conditions resulting from an
injudicious use of the water supply during earlier years would
have been still more serious. If during 1895 to 1898, inclusive,
all the land had been irrigated and settled that the water supply
would have made possible, the reservoir would have been empty
most of the time during the past three years. Consequently the
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increased population of the Valley would have been dependent for
sustenance upon the meager water supply during the past years of
drought, and the suffering would have been much more general
than has ever been experienced in the region.

The recent shortage of water has been felt very keenly under
the existing conditions, but the hardships that settlers would ex-
perience, if i greatly increased population were left dependent
upon our meager summer water supply, would be much greater
than any heretofore realized. It would be far better to attempt
to irrigate less than the water supply might seem to warrant, and
thus be on the safe side, than to attempt to irrigate so large an
area as to endanger the well-being of the Valley during years of
drought.

SUMMARY.

i. While land is the desideratum in humid regions, water
is the desideratum in arid regions.

2. The irrigating water of the Salt River Valley is supplied
from the rainfall on a watershed of 12,200 square miles.

.
The topography and the climate of the watershed cause

great variations in the flow of the streams that drain it, and, con-
sequently, marked fluctuations in the water supply of the Valley.

4. According to available records, the average flow of the
Salt River below the mouth of its largest tributary, the Verde,
has been approximately 1,200,000 acre-feet per year during the
past fourteen years.

. If all the flow of Salt River during the past fourteen
years had been utilized by all practical means, the supply would
have been insucient to have properly irrigated the 275,000 acres
of land now lying under the canals of the Salt River Valley.

The available water supply, or the amount diverted
through canals and used for irrigation, has been less than half the
total water supply.

During the early history of the Valley, ditches and canals
were constructed on the co-operative plan, and water appropriated



UTILIZING OUR WATER SUPPLY. 141

under provisions of the code of 1864. Since 1878, canals have
been constructed by corporate organizations.

The distribution of irrigating in the Salt River Valley
has, since 1892, been nominally governed by what is known as
the 'Kibbey Decision," the basic principle of which is that
priority of appropriation gives the better right to the use of water.

During the past twelve years, the water of the Salt River
has in reality been divided among the several canals in accordance
with a contract entered into in i 890 by those having a controlling
interest in a majority of them; and little attempt has been made to
distribute water to lands in accordance with the provisions of our
statutes and the decision of the court.

io. On the south side of the river, water is distributed to
most lands in accordance with the shares of stock held by their
owhers or possessors; while on the north side of the river it is dis-
tributed in accordance with contracts made between water users
an4 the several canal companies.

II. It is estimated that our available water supply would
properly irrigate i ro,000 acres.

The duty of our available water supply might be in-
creased by improved methods of irrigation and cultivation, by
improved systems of distribution, and by water storage.

The most effectual means of increasing our available
water sapply would be the construction of the Tonto dam.

r4. It is estimated that the construction of the Tonto
dan would result in the water supply being sufficient for the
th4rough irrigation of i6o,00o to i 80,000 acres of land, and
tht a population two to three times as great as the present might
cozisequently be supported in the Valley.

15. It would be dangerous to attempt the irrigation of an
area greater than that mentioned above, should Tonto darn be
constructed.
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