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IRRIGATION REPORTS.

The following list contains the titles and brief descriptions of the principal reports
relating to water supply and irrigation prepared by the United States Geological
Survey since 1890 : :

1890.

First Annual Report of the United States Irrigation Survey, 1890, octavo, 123 pp.

Printed as Part IT, Trrigation, of the Tenth Annual Re%)ort of the United States Geological
Survey, 1888-89. Contains a statement of the origin of the Trrigation Survey, a preliminar
report on the organization and prosecution of the survey of the arid lands for purposes of irri-
gation, and report of work done during 1890.

1891,

Second Annual Report of the United States Irrigation Survey, 1591, octavo, 395 pp.

Published as Part IT, Irrigation, of the Eleventh Annual Report of the United States Geolog-
ical Survey, 1889-90. Contains a description of the hydrogra(.{Jhy of the arid region and of the
engineering operations carried on by the Irrigation Survey uring 1890; also the statement of
the Director of the Survey to the House Committee on Irrigation, and other papers, including a
bibliography of irrigation literature. Tllustrated by 29 plates and 4 figures.

Third Annual Report of the United States Irrigation Survey, 1891, octavo, 576 pp.

Printed as Part IT of the Twelfth Annual Report of the United States Geologenl Survey,
1890-81. Contains a report upon the location and survey of reservoir sites dur g the fiscal
year ending June 30, 1891, by A. H. Thompson; “Hydm}flraphy of the arid regions,” by F. H.
Newell; ‘Irrigation in India,” by Herbert M. Wilson. ustrated by 93 plates and 190

Bulletins of the Eleventh Census of the United States upon irrigation, prepared
by F. H. Newell, quarto.
No. 35, Irrigation in Arizona; No. 60, Irrigation in New Mexico; No. 85, Irriga-
tion in Utah; No. 107, lrrigation in Wyoming; No. 153, Irrigation in Montana 5
No. 157, Irrigation in Idaho; No. 163, Irrigation in Nevada ;. No. 178, Irrigation
in ?regon; No, 193, Artesian wells for irrigation; No, 198, Irrigation in Wash-
ington,

1892.

Trrigation of western United States, by F. H. Newell; extra census bulletin No. 23,
September 9, 1892, quarto, 22 pp.

Contains tabulations showing the tofal number, average size, etc., of irrigated holdi.ngs, the
total area and average size of irrigated farms in the subhumid regions, the percentage of num-
ber of farms irrigated, character of crops, value of irrigated lands, the average cost of rrigation,
the investment and profits, together with a résumé of the water sup)l)ly and a description of irri-
gation by artesian wells, Illustrated by colored maps showing the location and relative extent
of the irrigated areas.

1893,

Thirteenth Annu=l Report of the United States Geological Survey, 1891-92, Part III,
Irrigation, 18v3, octavo, 486 pp.

Consists of three papers: Water supply for irrigation, by ¥. H. Newell; American engineering

and engineering results of the Irrigation Survey, by Herbert M. Wilson; Construction of topo-

graphic maps and selection and survey of reservoir sites, by A.H. Thompson, Illustrated by
77 plates and 119 figures.

A geological reconnoissance in central Washington, by Israel Cook Russell, 1893,
octavo, 108 pp., 156 plates. Bulletin No. 108 of the United States Geological
Survey ; price, 15 cents. ;

Contains a description of the examination of the geolo&ic structure in and adjacent to the

drainage basin of Yakima River and the great plains of the Columbia to the east of this area,
with special reference to the occurrence of artesian waters.
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
D1visioN oF HYDROGRAPHY,
Washington, January 25, 1897.

SIR: I have the honor to transmit herewith a paper entitled ‘‘Irri-
gation near Phceenix, Arizona,” by Arthur P. Davis, hydrographer,
and to recommend that it be published in the series of papers “in’
relation to the gauging of streams and to the methods of utilizing the
water resources,” the printing of which was authorized in the act
making appropriations for sundry civil expenses of the Government
for the fiscal year ending June 30, 1897, approved June 11, 1896.

Very respectfully, .
F. H. NEWELL,
i Hydrographer in Charge.
Hon. CHARLES D. WALCOTT, :

Director United States Geological Survey.
7






PREFACE.

The storage of flood waters on a large scale is fast coming to be a
matter of prime importance in connection with the development of
the arid portions of the United States. The irrigation projects which
involve comparatively small expenditure, or which can readily be
handled by associated effort, have already been entered upon, but
there still remain many localities where, as time goes on, the neces-
gity for water conservation becomes more and more pressing. This
is especially the case in southern Arizona, in the Salt and Gila valleys.
Here, under the genial semitropic conditions, large returns are ob-
tained from the fertile soil, some of the most valuable fruits are raised,
and crop follows crop in rapid succession, farming operatlons being
continued throughout the year.

The success of agriculture has been such that a considerable num-
ber of large irrigating canals have been built and lateral ditches
extended until the available supply during low water has been praeti-
cally exhausted. The streams of this.country are, however, extremely
irregular in character, fluctuating at times with great rapidity, floods
coming down without warning, and disappearing in the course of a
few hours. At certain seasons of the year high waters prevail and
run to waste to the Gulf, or disappear by evaperation and percolation
into the sandy desert. It is obvious that by providing suitable stor-
age works the area of land to be irrigated can be greatly increased,
the limiting conditions being practically the cost of storing water
relative to the value of the crops produced.

The conditions briefly described above are not peculiar to the viein-
ity of Pheenix, or even to the Territory of Arizona; they prevail in
greater or less degree throughout the more arid parts of the United
States, for in nearly every portion of this country irrigation has been
demonstrated to be successful and largely profitable. Systems of
water supply have been built, the more easily available waters utilized,
and the extension of irrigable lands now rests mainly upon the eon-
servation of waste waters. Itis for this reason that a discussion of
the conditions near Pheenix, Arizona, has an interest not only to the
citizens of that locality, but in general is of value to residentsin other

portions of the West. In certain respects the needs for water are more
9



10 . PREFACE.

pressing in southern Arizona than elsewhere, and thus the probabili-
ties of early solution of some of the problems of water storage are here
more likely to be settled in the near future. For this reason the fol-
lowing paper by Mr. Davis will be of benefit to a larger circle of readers
than those to whom, from the title, it may appear to be addressed.

In order to make clear all of the surroundings, Mr. Davis gives a
general description of the topographic and climatic conditions of the
Salt and Gila valleys, and of the irrigation works already constructed.
He also mentions the legal complications which have arisen, and out-
lines some of the projects now being constructed. He points out the
great natural advantages of this country, and shows as far as data
can be procured the facts relating to water supply, evaporation, silting
of reservoirs, and other factors which make or mar projects of water
conservation.

At first sight the storage of water appears to be a very simple mat-
ter. - In popular discussions it is common te assume that the only
steps necessary are to place rock or timber obstructions in some of
the many canyons or narrow places along the course of the river in
order to hold back the water of floods, and later allow it to flow down
the stream as necessity requires. On carefully examining any propo-
sition of this kind, many obstacles are found to arise, some of these
natural—such as the difficulty of finding a proper location, the expense
of laying foundation, and the liability of the reservoir to fill by silt—
and others artificial or legal, such as interference with vested rights,
and difficulties of securing title to the stored water after it has left
the reservoir and is on the way to the land to be covered.

A traveler going over the Territory sees here and there almost num-
berless places where it appears probable that a storage dam might be
built holding behind it considerable water, but when a careful survey
has been made it is usually found that the slope of the stream is so
great that if a dam were built the amount of water held behind it
would be relatively too small to repay the cost of construction.
Should it be found that there is ample space behind the selected dam
gite, further investigation may reveal the fact that solid rock can not
be found at moderate depth beneath the surface. In other words, the
stream has washed into the gorge such a mass of loose material as to
fill it to a depth of 20, 40, or even 60 feet or more. To remove this,
‘place the foundation on bed rock, and then rear a structure to the
proper height, will necessitate the expenditure of such large sums as
to render the enterprise impracticable. This is a very common con-
dition within the arid region, where the drainage lines, dry for a great
part of the year, are filled, perhaps for a few days or even a few hours
only, with a great torrent; resulting from excessive local rainfall. The
water discharged down the steep slopes dislodges not only the accu-
mulated sand and dust which has been blown about by the desert
winds, but rolls along gravel and bowlders into the channels. Even
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in the narrow gorges through which these sometimes pour the velocity
of the water is not sufficient, except perhaps in extraordinary floods,
to tear out the loose material and reach bed rock. Thus the gravel
and bowlders accumulate during the lesser floods all along the course
of the stream, covering the dam sites, and form long lines of barren
wash.

Not only does the loose material transported by the floods cover the
bottom of many otherwise feasible dam sites, but deposits of this char-
acter constantly imperil and shorten the life of all storage reservoirs.
The flood waters bear this along, and Whex{ brought to rest drop the
heavier material at first and then the lighter, retaining only the finest
particles, the greater part of which in time may settle within the inter-
stices of the coarser. Thus the upper ends of all reservoirs are rap-
idly filled with silt, and it becomes an important question to the
projectors of storage works as to how many years will elapse before
the value of the reservoir is practically destroyed and whether its
use can be restored in part by subsequent removal of some of this
material.

The legal obstacles are in many localities no less vexatious than
those offered by nature. While many principles have been settled in
regard to the use of water for irrigation, their application to particu-
lar cases.is still a matter of doubt. Even in the case of persons
diverting water from perennial streams there are innumerable con-
troversies whenever a shortage occurs. But when a portion or all of
the surplus water is being held in reservoirs and returned perhaps to
the same stream, to be again recovered, there can not fail to be still
greater complications than those now brought to the attention of the
courts. The primary cause of most of the contentions which arise is
the lack of exact knowledge concerning the amounts of water which
are flowing in the streams from day to day and the quantities taken
out by different canals. These are not only fluctuating, but the mat-
ter is-.complicated by the disappearance of water by evaporation and
the reappearance of other waters in the natural drainage lines by
seepage from canals above, or from the slow progress of water coming
originally from rainfall and finding its way gradually toward the
lowest points.

‘When one has noted the interminable lawsuits over water rights
and appreciated the fact that most of these are due to lack of precise
knowledge as to past conditions, it appears almost incredible that
greater care is not being taken to ascertain exactly how much water is
flowing at different points in the natural streams, especially in view of
the fact thatlater large investments are to be made in storage projects.
It is, however, a lamentable fact that very little attention is given to
this matter, mainly perhaps because the persons investing in irriga-
tion works are usually from humid climates, and it never occurs
to them that rivers do not always have water to spare within their
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channels. Yetin southern Arizona, where, as in other portions of the
arid regions, the rivers at certain seasons of the year diminish and
even cease flowing, enormous investments are being made upon crude
assumptions as to the quantity of water available, these assumptions
being supported only by a few isolated facts or measurements. '

The determining point in the construction of storage works, after
their feasibility has been settled upon, is whether they will pay—
whether the value of the water thus obtained and the benefits derived
are sufficient to make the projects remunerative. The answer to this
question depends largely upon what may be considered as profitable;
for example, if these storage reservoirs are under consideration by
corporate enterprise, it will be necessary to show that the annual
water sales or rentals will not only repay the expense of management
and a fair interest on investment, say 6 or 8 per cent, but will also
yield a surplus which can be used as a sinking fund to repair damages
or ultimately cover the cost of the works, should these be gradually
deteriorated by accumulation of silt. The aggregate of these itemsis
large and may amount to 10 per cent or upward. Thus it is neces-
sary to show that the storage works will, after completion, pay for
themselves within a brief period; otherwise individual capital will
not be attracted.

If, on the other hand, these reservoirs, or the best of them, are built
by the whole community interested or by State or national funds, the
question of immediate profit does not enter so largely into the calcu-
lations. In this latter case the indirect benefits to be derived by the
people offset to a certain extent the interest charge, and if the works
can be shown to pay the cost of maintenance and provide a small
sinking fund, they may be considered as feasible. Thus it is that a
project which will be condemned by the investor as worthless may at
the same time be of the utmost value to the community and one which
would well repay eost of construction if this cost were dlstrlbuted
uniformly to all benefited. v

The situation in the Salt and Gila river valleys is fairly typical of
that elsewhere as regards the probable profits to be obtained by con-
strueting storage reservoirs. Briefly stated, it may be said that the
canal systems already constructed or partially completed cover a
larger area of land than can be supplied by the average summer flow
of the streams. Water from reservoirs is needed for lands already
under ditch and whose owners have already purchased water rights.
There are above these ditches still larger traets of land which would
be valuable if water could be had, but it is apparent that the greatest
good would result from securing an ample supply of water to the
lands already partly cultivated rather than indefinitely i mere&smg the
area of poorly watered farms.

If a corporation contemplates building a reservoir within the Gila
Basin, the first question is, Shall the attempt be made to sell the water
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to lands already under ditch, or shall this water be taken to areas now
desert? The former plan would be perhaps the best for all concerned;
but experience has shown that there is no certainty that the owners of
lands now partly supplied with water will purchase additional water
rights, even though these would assure an ample supply at all times.
This is due partly to the fact that many of these lands now under
ditch are held by speeulators, hoping for a general rise in land values—
such a rise as will follow the construction of storage works. In other
cases the lands are held by farmers, who, although cultivating a con-
siderable part of their land, hesitate about purchasing additional
water rights, preferring to try to get along with a deficient supply
rather than risk additional outlay. Thus it has happened that similar
enterprises of this character, where the water was apparently in great
need, have been forced into bankruptey by the accumulation of inter-
est and maintenance charges during the period following eonstruction
and before the water rights could be sold to bona fide irrigators.

By the construction of storage works commanding the valley lands,
there mnecessarily results an increase in value of every acre even
though water rights have not been purchased, from the fact that
there is a possibility of purchasing these. Upon the completion of
such works, there takes place what is termed an unearned increment
of value of all lands, for with the assurance of a larger supply even
to other portions of the valley the chances of securing water in one
way or another are increased. This increment of value is in round
numbers equivalent to the cost of the storage works, and if it could
be fransferred from the pockets of the recipients, who have domne
nothing to deserve it, to the hands of the persons who have built the
works, accounts would be balanced and it would be possible to con-
struct these great enterprises. As a matter of fact, however, the
association or group of men who build a reservoir must look to volun-
tary purchases by individuals slowly purchasing water rights for lands
already owned or must seek reimbursement by putting the water upon
desert lands and selling land and water.

This latter method, that of a storage company selling land and water
together, is apparently the only feasible mode of procedure. It neces-
sitates, however, not only the acquisition of reservoir site and expen-
sive construction of storage works, but also, as a rule, the building of
canal lines and the acquisition of large bodies of desert land, the
latter being a contingency for which the land laws of the United
States make no provision. If by one means or another such lands can
be secured, directly or indirectly, the question of profit rests mainly
upon the ability to dispose of these lands at a rate sufficiently rapid
to prevent the accumulation of such indebtedness as often sweeps
away a newly completed project. The tendency is, therefore, to ex-
tend irrigation by stored waters to new areas where land can be
obtained at a nominal price and sold at a sufficient advance to repay
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the cost of construction, rather than attempt to supply water to lands
already under ditch and partly irrigated.

Some of the best storage projects, however, are so situated that the
water ean not be taken readily to new areas, and it appears prob-
able that these, although among the most important in the country,
can only be constructed by the adoption of some scheme by which all
of the lands of the valley benefited directly or indirectly will be forced
to contribute an amount equal to the benefits derived. This is possi-
ble only under some system similar to that of the district organization
in California, where all of the lands receiving water from a given
source are assessed. Here it is not necessary to consider whether the
enterprise will be money making in itself. Thus it is possible to push
forward the construction of beneficial works which otherwise never

could be built.
F. H. N.
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IRRIGATION NEAR PH(ENIX, ARIZONA.

BY ARTHUR P. DAVIs.

TOPOGRAPHIC FEATURES OF ARIZONA.

The Territory of Arizona covers approximately 113,000 square miles,
of which about 39,000 lie below the altitude of 8,000 feet, about 27,000
lie between the contours of 3,000 and 5,000 feet, and about 47,000 lie
above the elevation of 5,000 feet. The highest point in the Territory
is San Francisco Mountain, in the northern part, which reaches an
altitude of nearly 13,000 feet. The Territory is sharply divided into
two characteristic portions by the trend across it of the main axis of
the great Colorado Plateau, from the northwestern corner of the Terri-
tory in a nearly southeasterly direction. This plateau slopes gently
to the northward, but on the southwestern side breaks off suddenly
throughout most of its course, and its steep slope is deeply carved by
lines of erosion. Almost the whole of that portion of the Territory
which is below an elevation of 3,000 feet lies to the southward of this
escarpment.

To the north of the escarpment the temperature ranges from that of
the temperate zone to that where snow is nearly perpetual, on the
summits of the San Francisco and White mountains. The southern
portion of the Territory is characterized by temperatures which may
be designated as ranging from temperate, along the foothills of the
Colorado Plateaun, to semitropie, in the lower valley of the Gila and
Colorado. The southern portion of the Territory may be again subdi-
vided into two portions, that draining directly into the Colorado and
lying to the westward of Prescott, and the greater portion to the south
and east, which forms the great Gila river system. The Colorado
Plateau is partly of igneous origin, and a great portion of it is some-
what pervious to water. Itsnorthern slope for a considerable distance
from the summit is very gentle, and though the precipitation is greater
than in most portions of the Territory, it is very meagerly marked by

15



16 IRRIGATION NEAR PH(ENIX, ARIZONA. [vo. 2.

drainage lines and almost destitute of water. Sharply contrasted with
these facts are the conditions on the southern slope. Here, through
most of its course, the plateau drops off with a very steep slope, which
is deeply cut with drainage lines in which are living creeks and rivu-
lets of clear, beautiful water, such as San Francisco River, Black Creek,
Bonito Creek, White River, Carrizo Creek, Cibicu Creek, Box Creek,
Cherry Creek, Tonto Creek, Wild Rye Creek, East Verde River, Pine
Creek, Fossil Creek, Clear Creek, Beaver Creek, etc.

The region of high altitude, as before remarked, lies largely north
of the divide, while the great bulk of the water flowing from the
plateau, as proved both by erosion of drainage lines and by the vol-
ume of permanent streams, flows away to the south. The explana-
tion of this is partly the porosity of the strata composing the plateau,
which allows the water to sink instead of flowing off the surface.
Once underground, its egress to the south is favored by the shorter
distance which it must percolate on a given grade before reaching a
surface, due to the more abrupt slope.

Another partial explanation is found in the meteorological condi-
tion. The moisture of this region is brought from the Pacific Ocean
and the Gulf of California by the prevailing southwest wind. As this
wind ascends the elevations toward the Colorado Piateau, its temper-
ature is lowered, which reduces its capacity for holding moisture and
increases its relative humidity. When this quantity reaches 100 per
cent in any part, precipitation occurs. This influence continues until
the wind passes the summit, where the process is reversed.

As might be expected, therefore, the hydrographic resources of the
country immediately southwest of the Colorado Plateau are dispro-
portionately great when compared with those to the northward. For
instance, the precipitation at Fort Apache, as shown by a mean of
twenty years’ observations, is 19.75 inches, the elevation being 5,050
feet, while the precipitation at Holbrook, at an elevation of 5,047 feet,
on the northern slope, is 8.47 inches, as indicated by the mean of ten
years’ observations. This isan important fact, especially when taken
in connection with the fact that the great areas of valley land with a
semitropic climate lie in the southwestern portion of the Territory, and
are easily covered by the streams which are formed by the conditions
above described, and which constitute the main features of the great
Gila river system.

GILA BASIN.

.

The drainage area of Gila River, including a number of small lost
basins which are topographically tributary but which seldom or never
furnish any run-off to the main stream, is about 72,000 square miles,
of which nearly 57,000 lie in the Territory of Arizona, about 14,000
in New Mexico, and something over 1,000 in Mexico. The areas in -



DAVIS.] " GILA BASIN. o ‘ 17

the United States are distriblited, with respect to elevation, approxi-
‘mately as follows: . :

Distribution of area of Gila Basin by altitude.

Per cent Aren,

Elevation. of area square

' of basin. miles.
Under 1,000 feet ... ... _.___..__. 9 6,400
Between 1,000 and 2,000 feet ____________ 19 | 13,500
Between 2,000 and 3,000 feet ._.__._...... 16 | 11,400
Between 3,000 and 4,000 feet.___.______. 14| 10,000
" Between 4,000 and 5,000 feet ... _________ 15 | 10,700
getween 5,000 and 6,000 feet _____.__. . __ 12 8, 500
Between 6,000 and 7,000 feet ..__._______ 8 5, 600
Over 7,000 feet ... ... ... __.._._._.. 7 4,900
Total ... ... 100 | 71,000

Gila Basin is conveniently divided into four parts. Of these, the
most northerly is Salt River Basin, which includes all the territory
tributary to Salt River. This again is sharply divided into its valley
and mountain portions. Salt River Valley (see map, Pl. XXX) may be
taken asincluding all the territory adjacent to Salt River from its mouth
up to the junction of the Rio Verde. Above that point the greater
portion of the basin is mountainous, with small valleys on the Rio
Verde, in Tonto Basin, and at a few points on Salt River and other
tributaries. The Lower Gila district may be taken as the portion
lying below the mouth of Salt River; the Middle Gila distriet, that
portion from the mouth of Salt River to The Buttes above Florence .
and including the Pima Indian Reservation and the great Casa Grande
Valley. The Upper Gila district includes the valley in the region of
Camp Thomas and Solomonsville and the tributary mountainous dis-
tricts. In addition to these main divisions of the trunk streams may
be taken the subordinate divisions of tributaries, such as San Pedro,
‘Santa Cruz, Hassayampa, and Agua Fria creeks.

TEMPERATURE.

The tables of temperature for the Gila and Salt River valleys show
that the climate is very warm. But care should be taken not to exag-
gerate this feature, for the actual conditions in their relation to human
life and comfort are by no means as unfavorable as they might appear
to persons comparing these tables of temperature with those of some
Easterd localities. For about eight months in the year the tempera-

. ture of this valley is delightful. Cool nights, bracing mornings, and
IRR 2——2
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bright, pleasant days are the rule, except in the months of June, July,
August, and September. In these months the heat becomes intense,
and though there is of course some variation, the temperature remains
continually high throughout the greater part of this period.

The physiological effect of this heat is markedly modified by the
aridity of the elimate. The human economy provides that when the
temperature of the healthy body rises above the normal the perspira-
tory glands begin to act and furnish the skin with moisture, the
evaporation of which lowers the temperature of the body. An essen-
tial condition of this natural safeguard against excessive heat depends
upon the ready evaporation of the moisture furnished by nature. In
a very humid climate this evaporation ecan not oceur; and in those
portions of the country where the humidity is ecomparatively high
such evaporation must be proportionately tardy and sluggish, so that
any considerable temperature above normal blood heat produceg
great suffering and exhaustion, and even prostration. In an arid
region, on the contrary, the low percentage of humidity causes prompt
and quick evaporation of the moisture and the consequent success of
nature in its attempt to prevent uncomfortable and injurious bodily
temperature. In southern Arizona these favorable conditions for
resistance to heat are at their maximum. Though the temperature
is high, the relative humidity is very low, and every particle of
moisture which reaches the surface of the skin is promptly evap-
orated—so promptly that its presence is not perceived—and while
the body is thus kept at its normal temperature the unpleasant effects
of excessive moisture are not experienced, and the sultry, sticky days
80 common in the East are unknown in Arizona.

The prineciples involved in these facts are frequently illustrated to
the sojourner in southern Arizona in the following manner: Riding
in a wagon or buggy in the month of July the traveler may feel greatly
oppressed and enervated by the intense heat; the climate seems well-
nigh insupportable; but if he will get out and walk for a short time,
the circulation induced by the exercise starts the perspiration and the
traveler is surprised to find himself greatly refreshed, and he may
then resume his ride in comfort. Farm labor, the construction of
canals, the rounding up and branding of cattle, and other active, hard
labor are performed at any timne in the summer with less comfort, of
course, but with no worse effects, than at any other time of year, and
without actual suffering, the only requisite being plenty of drinking
water. ;

A fair comparison of the sensible temperatures of two places may
be obtained by a ecomparison of the readings of wet-bulb thermome-
ters. The difference between the readings of wet and dry bulb ther-
mometers here often exceeds 30 degrees. The summer is, therefore,
far from being as uncomfortable as might be supposed, and the delight-
ful autumn, winter, and spring fully compensate for the discomforts '
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of the summer months; and the climate, taken as a whole, with its
extreme aridity, its mildness, and its large proportion of sunshine, is
exceptionally healthy and especially beneficial to those suffering from
bronehial or pulmonary troubles. ‘ '

RAINFALL.

Rainfall records of Arizona, from the date when they began up to
and including the summer of 1890, were prepared by Capt. William A.
Glassford and published in a Report on the Climatology of the United
States, with Reference to Irrigation, by Gen. A. W. Greely, Chief
Signal Officer.! Later records may be found in the various annual
and monthly publications of the Weather Bureau, and it is deemed
of value to reproduce some of them here, brought up to date, partly
because of the scattered condition of the original records, some -of
them being now out of print, and partly for the reason that for pur-
poses of irrigation the season is best divided about the end of August.
Rainfall occurring after September 1 can not in most cases be relied
upon for irrigation use in that season, but may be stored for use in the
following year. Precipitation occurring before this date may usually
be utilized the same year, especially if storage is provided.

No arbitrary line can be drawn separating the precipitation avail-
able in one year from that available only by storage for the next, but
it is thought that more cases will occur where September precipitation
can be used the same year than where August precipitation can not,
and that it is fair to divide the season as above indicated. For the
convenience of those contemplating storage works, therefore, the tables
are rearranged and the total annual rainfalls recomputed on this basis.
A glance at the annual and monthly means shows at once.that agri-
culture in the valleys of southern Arizona must depend entirely upon
irrigation. '

Short fragmentary records in Arizona are of very little value, on
account of the erratic nature of Arizona rainfall, which is peculiarly
marked during the summer rainy season. Thisseason is characterized
by sudden violent local thundershowers, often called cloudbursts,
and while in a long series of years such local storms probably distrib-
ute themselves with a fair degree of uniformity over districts governed
by the same general conditions, yet a short record may be so affected
by them as tobe abnormal. A station receiving oneor more storms of
thischaracter, or being avoided altogether, asislikely to occurin a short
record, may give results that will be very misleading. Forinstance, at
Fort Lowell, which is but'9 miles east of Tucson, and only 4 feet lower,
there fell during July and August, 1878, 0.60 and 7.88 inches of rain,
respectively, while at Tucson during the same months the rainfall was
5.72 and 4.71 inches. - Such discrepancies would probably disappear

1Rifty-first Congress, 2d session, H. R. Ex. Doc. No. 287, Irrigation and Water Storaée 1n the
Arid Regions. ' -
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in the average of a long seriesof observations. Veryshort records, on
account of the great secular variations even in ecountries of greatest
uniformity, can not be depended upon as giving the average rainfall
for the region in which they are taken. In this climate, for the rea-
sons given above, they are of little, if any, value, even when a long
record exists in such situation that a comparison of its mean with that
of the short record may be made.
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In a region like Arizona, where the water supply bears such a vital
relation to its prosperity, and where, moreover, the means available
for keeping rainfall records are limited, rainfall stations should be,
and usually are, so far as practicable, widely distributed over the Ter-
ritory, in order that all varieties of elevation, topography, latitude,
and climatic conditions may be represented. Such records, if care-
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fully kept for a long series of years, say twenty or more, become val-
nable for determining the actual rainfall to be expected in apy par-
ticular locality by means of a short record embracing four or five
years. The comparison of such short record with the synchronous
record at the station of long observation establishes an approximate
relation between the point under investigation and the point at which
the long record was taken. In asimilar manner a comparison may be
made between the measured discharge of any given stream and the syn-
chronous rainfall at the old station, and in a few yearsa relation can be
thus established from which may be derived an approximate hypothet-
ical history of the stream or hydrographic basin under investigation.

The value of these old records, which, unfortunately, are very rare,
depends chiefly upon their continuation. It may be broadly stated
that the older such a record becomes the stronger is the argument for
continuing it. It is especially to be deplored, therefore, that some of
the old records in Arizona have been discontinued. For instance,
Fort McDowell, having in 1891 the oldest continuous record in Ari-
zona, was in that year discontinued, and has not since been resumed.
A great part of the value of this old record might be restored if it
were practicable to reestablish the station. ,

A selection has been made of 16 stations, most of them having a
record covering at least fifteen years, so distributed as fairly to indi-
cate the means and extremes of precipitation in the various portions
of the basin. A ghort record at Pinal ranch, not hitherto published,

. is also included. These records are contained in the following tables:

Record of precipitation at Fort Whipple, Yavapai County. .

[Latitude 34° 33/, longitude 112° 28’; elevation, 5,389 feet. Authority, United States Hospital
Service and Weather Burean.]

Year. Sept.Ich. Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May.|June. July.| Aug.| Total.
1866-67._.| 8.65 | 0.57 | 0.08 | 0.81 | 1.72 | 1.16 | 8.00 | 0.06 | 1.17 | 0.00 | 2.70 | 2.38 | 21.80
1867-68..|-..... 0.10 | 0.20 | 2.20 | 2.97 | 5.80 | 0.50 | 1.00 |......[ 0.00 | 6.16 | 2.72 |.........
1868-69_ .-} 0.30 | 0.55 | 1.50 | 4.40 | 0.80 | 0.92 |._....|oeooufooofoooe et
1869-70...[1.08]| 1.40 { 1.45 [ 0.00 [ 0.00 | 1.20 | 1.09 [ 0.26 | 1.78 | 0.24 | 7.98 | 3.49 | 19.92
1870-71...| 0.00 | 1.59 1 0.80 | 0.53 | 0.70 | 1.01 | 0.10 | 1.92 | 0.47 | 0.00 | 4.00 | 1.80 | 12.42
1871-72...[ 1.51 | 1.40 { 0.52 | 0.00.| 050 | 0.80 | 0.12 | 1.62 | 1.47 | 1.24 | 3.74 | 6.25 | 19.17
1872-78...] 0.04 | 0.24 [ 0.00 | 0.64 [ 0.00 | 1.00 | 0.23 | 0,17 [ 0.40 | 0.42 | 1.56 | 4.78 | 9.48
1873-74...| 0.80 | 0.00 | 0.80 | 2.55 | 5.51 | 5.68 | 3.56 | 1.70.[ 0.65 | 0.00 | 5.72 | 1.56 | 28.08
1B7AT5...| 0.00 | 0.50 |« oveme|eeececfommncafoiiefoonend]acenee 0.00 | 0,00, | 5.92 | 1.86 |.........
1875-76...{ 0.77 | 0.00 | 0:18 | 0.63 [ 4.60 | 0.01 | 0.83 | 0.51 [ 0.52 | 0.25 { 8.28'| 4.51 | 16.00 '
1878-77...| 0.72 | 0.93 | 0.00 | 0.00 [ 0.36 | 0.56 10.49 | 1.50 [ 1.82 | 0.00 | 1,20 | 0:22 | . 7.91
1877-78...| 2.42 | 1.38 | 0.00 | 2.28 | 0.28 [ 2.02 | 0.48 | 2.86 | 0.83 [ 0.38 | 0.91 | .84 | 18.56
1878-79...| 0.61 | 0,00 | 0:45 | 1.02-( 0.91 | 0.04 | 0.05 | 0.03 | 0.00 | .0.05 | 1.87 | 2.20 | 8.18.
1879-80...) 0.68 | 0.87 | 1.58 | 4.21 [ 0.35 [ 0.16 | 0.11 | 0.52 | 0.00 | 0.04 | 2.84 | 2.80 | 18.18
1880-81...| 1.26 | 0.18 | 0.42 | 1.84 [ 0.16 [ 0.10 | 2.91 |-0.67 | 0.42 | 'T. | 8.27 | 5.25 | 16.48
188182, 1.69 | 0.83 | 0.80 | 0.33 | 2.58 | 2.04 [ 0.00 | 0.28 | 0.45 | 0.47 [ 1.64 | 3.34 | 13.40
1882-83...1 2.57 | 0.89 | 1.55 | 0,00 [ 0.51 [ 0.63 | 2.33 | 0.86 | 0.15 | 0.09 | 8.20 | 3.26 | 15.34
1883-84...[ 0.33 | 0.43 | T. |4.54|0.25|6.55|5.51|1.62 |1.45|0.52 | 1.33 | 1.57 | 28.90
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Record of precipitation at Fort Whipple, Yavapai County—Continued.

[Latitude 84° 33/, longitude 112° 28'; elevation, 5,389 feet. Authority, United States Hospital
0 Service and Weather Bureau.]

Year. [Sept.|Oct. | Nov.| Dec.|Jan. | Feb. |[Mar.| Apr. Ma.y.'June.July. Aug.| Total.

1884-85_._[ 0.99 [ 1.42 | 0.16 | 5.58 | 0.08 | 0.46 | 1.47 | 0.62 | 0.37 | 0.07 [ 2.53 [ 1.24 | 14.99
1885-86...| 0.11 | 0.38 | 2.46 | 0.82 | 5.99 | 1.15 | 3.04 | 1.18 | 0.03 [ 0.00 | 0.61 | 4.41 19.68
1886-87..| 0.46 1 0.23 [ 1.68 | T.| T.|8.12| 'T. |2.57|0.43|0.57 | 2.64 | 0.71 | 12.41
1887-88...| 4.88 [ 0.05 | 1.57 | 0.82 | 1.30 | 1.68 | 1.66 | 0.52 | 1.96 | 0.00 | 2.40 | 1.42 | 18.35
1888-89...{ 0.62 | 1.75 | 3.18 | 2,94 | 1.73 | 1.85 | 2.91 [ 0.19 | T. | 0.02 | 1.456 | 1.51 | 17.65
1889-90...| 2.11 | 1.76 | 0.42 | 7.88 | 2.20 | 3.02 | 1.52 | 0.86 | 0.00 | 0.06 | 2.19 | 2.67 | 24.28
1890-91...) 1.48 [ooooo femmoo]mnans 0.00 | 5.96 0.8 | T.|0.27]|0.00|1.8 |3.04|....._..
1891-92..( 1.48 |1 0.00 { 0.00 | 1.19 | 1.98 | 1.64 | 1.91 | 0.58 | 0.85 | 0.00 | 1.74 | 2.04 | 13.41
1892-93..| 0.14 | 1.41 ( 0.00 | 0.61 | 1.18 | 0.47 | 3.26 | 0.00 | 0.88 | 0.00 | 1.81 | 4.80 | 13.56
1893-94...1 0.57 [ 0.15 | 1.16 | 0.73 1 0.30 | 0.30 [ 0.88 | 0.00- 0.23 | T. | 1.13|83.88 9.83
1894-95...1 0.45 | 1.87 [ 0.00 ( 8.43 | 4.37 [ 0.55 | T. |0.25{0.50 | 0.00 | 0.88 | 3.53 | 15.33
1895-96...| 0.09 | 0.24 | 3.59 | 0.50 | 0.55 | 0.20 { 0.81 | 0.85| T.|0.14 | 4.70 | 2.61 | 18.78

Mean..| 1.08 | 0.66 | 0.84 } 1.75 | 1.44 | 1.10 | 1.59 0.81 | 0.59 | 0.15 | 2.97 | 2.95 | 16.C6

Record of precipitation at Fort Verde, Yavapai County.

[Latitude 34° 32/, longitude 111° 47%; elevation, 3,160 feet. Authority, Signal Service and United
States Hospital Service.]

Year. Sept.| Oct. | Nov.| Dec. | Jan. | Feb. [ Mar. | Apr. | May.|June.|July.| Aug.| Total.

1868-69. .|~ ooooeooo oo 0.27|0.84 | 1.72 | 1.00 | 0.09 | 0.03 | 0.83 | 0.07 | 7.26 {--oco.._.
1869-70._.| 0.00 | 0.02 | 4.04 | 0.00 [ 0.50 | 0.01 | 0.50 | 0.15 | 0.00 | 0.22 | 3.06 [ 0.89 | 9.30
1870-71._.| 0.00 | 0.60 | 0.10 | 0.58 | 0.20 | 0.00 | 0.04 | 0.73 | 0.00 [ 0.00 | 0.84 [ 0.26 | 3.35
1871-72...| 1.00 | 1.10 | 0.39 | 0.26 | 0.47 | 1.12 | 0.16 | 1.56 | 0.54 | 0.22 | 2.22 | 4.85 | 13.39
| 1872-73...0 1.12 | 0.10 | 0.00 | 0:83 ] 0.00 | 1.16 | 0.00 | 0.00 | 0.15 | 0.20 | 0.14 [ 2.52 | 6.22
1873-74_| 0.26 | 0.00 | 0.74 | 3.26 | 2.65 | 2.05 [ 1.05 | 1.48 | 0.08 | 0.00 | 1.88 | 2.48 | 15.93
1874-75...| 0.00 | 1.45 | 3.52 | 0.66 | 2.91'| 0.05 | 0.30 | T. |0.06 [ 0.00 |8.33 | 2.01 | 14.29
1875-76...| 1.35 | 0.00 | 0.65 | 0.13 | 2.06 | 0.75 [ 1.00 | 0.75 | 0.00 | 0.98 | 5.31 [12.08 | 25.06
1876-77...] 2.40 { 2.10 | 0.15 | 0.00 { 0.71 | 0.51 | 0.89 | 0.85 | 1.70 | 0.00 | 0.70 [ 0.41 | 10.42
1877-78...1 2.08 | 0.45 | 0.05 | 2.23 | 0.14 | 1.12 | 1.84 | 1.75 | 0.16 | .06 | 2.10 | 4.60 | 16.56
1878-78.._! 0.98 | 0.00 | 0.36 | 1.24 | 0.20 | 0.14 | 0.00 | 0.10 | 0.00 | 0.00 | 0.97 | 0.53 | 4.52
1879-80...| 1.40 { 0.28 | 2.40 | 8.03 | 1.08 | 0.13 | 0.30 | 0.27 | 0.00 | 0.16 | 1.85 | 0.97 | 1L.82
1880-81__.(0.19 | 0.57 | 0.18 { 1.56  0.07 | 0.12 [ 2.64 | 0.97 | 0.07 | T. | L41|7.53| 15.26
1881-82_..| 1.88 | 0.20 | 0.21 | 0.27 | 2.72 | 0.93 | 0.01 | 0.08 | 0.19 | 1.85 | 1.25 | L18 | 10.22
1882-83...1 2.16 | 0.25 | 1.78 | 0.07 | 0.44 | 1.35 | 1.63 | 0.12 | 0.27'| 0.04 [ 8.35 | 1.14 | 12.55
1883-84.__( 0.00 | 0.45 | 0.00 | 4.30 | 0.39 | 3.59 | 3.60 | 1.43 | 0.72 | 0.23 | 0.19 | 1.24 | 16.14
1884-85_..| 0.68 | 0.84 | 0.15 | 4.66 | 0.00 | 0.80 | 2.25 | 0.69 | 0.19 | 0.05 | 0.84 | 3.01 [ 14.16
1885-86...| 0.03 | 0.61 | 1.88 [0.52 [ 1.90 | 1.48 | 2.09 | 0.82 | 0.02 | 0.01 | 0.18 [ 3.18 | 12.72
1886-87...[ 0.20 | 0.13 | 0.55 | 0.60 | 0.04¢ | 0.78 | 0.02 | 0.58 | 0.60 | 0.18 | 3.11 | 2.96 | o.75
1887-85...[ 4.72 [ 0.00 | 1.87 | 0.87 | 0.96 | 1.56 | 1.98 [ 0.43 | 0.96 | 0.00 | 2.21 | 0.73 | 15.59
1888-89_..] 0.56 | 4.47 | 2.80 | 3.15 | 1.95 | 0.25 | 1.66 | 0.00 | 0.00 | 0.02 [ 8.10 [ 0.75 | 18.71
1889-90...{ 1.60 | 1.74 | 0.08 | 5.08 | 1.80 | 1.97 | 1.85 | 0.82 {0.01 | 0.00 | 1.83 | 2.80 | 18.17
1890-91..[ 0.55 |[1.501)[3. 85T [L. 721 - -oonv |o o coe o ecend e e oo e e L

Mean..; 1.05 | 0.76 | 1.13 [ 1.53 | 0.96 | 0.96 | 1.10 | 0.62 | 0.26 | 0.21 | 1.82 | 2.84 | 13.24
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Record of precipitation at Fort MeDowell, Maricopa County.
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[Latitude 33° 38, longitude 111° 88’; elevation, 1,250 feet. Authority, United States Hospital
Service and Weather Bureau.]

Year. [Sept.| Oct. |Nov.| Deec. | Jan. | Feb. | Mar.| Apr.| May.|[June.[July.| Aug.| Total
1866-67_..] 1.68 | 0.25 | 0.06 | 0.10 | 0.88 | 0.16 | 2.11 | 0.03 | 0.00-| 0.00 | 2.97 | 1.18 | 9.37
1867-68...[ 1.62 | 0.08 | 0.20 | 5.70 | 2.70 | 1.60 | 0.70 |[1.00]| 0.00 | 0.00 | 4.50 | 1.70 | 19.84
1868-69..[ 8.01 | - T. | 0.01|0.00 | 0.64 | 2.60 | 0.000.15| T.|0.10]0.40|1.10| 8.01
1869-70...| 0.00 | 0.06 | 2.15 [ 0.55 | T. 0.60|0.65| T.[ T.|0.70{0.90|L98| 7.5
1870-71...| 0.22 | 0.40 { 0.00 | T. [ 0.25 [ 0.40(0.00 | 0.40 | T.| T.|0.16|2.08| 3.91
1871-72...1 0.20 | 0.60 | 1.25 | 0.20 | 0.50 | 0.40 | 6.00 | 0.53 [ 0.80 | 0.31°} 9.16 | 7.17 | 20.02
1872-73...{ 0.08 | . {0.00 | 1.56 | 0.00 | 1.60 | 0.90 | 0.00 | 0.16 | T.| T.|0.56 | 486
1873-74.__| 0.60 T.10.21 470|810 |28 |1.06|1.80{0.30 000181199 16.83
1874-75...1 0.05 | 1.11 | 2.76 { 1.00 | 1.40 { 0.62 | T.;0.10] T.,0.00|0.75;0.46| 8.25
1875-76...1 1.00 | 0.00°| 0.00 | 0.64 | 0.70 | 0.10 | 0.40 T.|[0.001.00)3.25|1.70 8.79
1876-77..:{ 0.00| T.|0.58 [0.00|1.08  2.24|0.44|0.50 | 1.04 | 0.00 | T.|0.068] 5.94
1877-78...| 1.52 | 0.38 | T.{2.12|0.04 | 1.54|1.18(8.20] T.| T.|0.86| 157 12.41
1878-%9_._| 0.98 | 0.00 | 0.99 { 1.56 | 0.50 | 1.22 | 0.60 | 0.20 | 0.00 | 0.00 | T.|0.12| 6.17
1879-80...| 0.84 | 0.58 | 2.14 { 2.64 | 1.56 | 0.38 | 0.50 | 0.38 | 0.00 T.|0.52|0.84 9.88
1880-81...| 0.84 |[0.40]| 0.00 | 1.69 T. T 1461 0.2210.12 | 0.00 | 1.16 | 3.88 8.7
1881-82...10.10| T.lo080 | T.!822|051000| T.1010]|0.56!0.40| 152} 7.28
1882-83...| 1.84 | 0.00 | 1.88 | 0.00 { 0.59 | 0.78 | 0.42 | 0.00 | 0.28 | 0.04 | 1.12 | 1.76 7.7
1883-84__. 0.82 | 0.30 { 0.06 | 4.22 | 0.83 | 4,37 | 8.47 [ 0.58 | 0.45 | 0.09 | 0.08 | 1.25 | 15.52
1884-85_.. 3.96 | 1.88 { 0.45 | 4.54 | 0.00 | 2.50 | 0.60 | 0.00 | 0.00 | 0.00 | 0.00 | 0.90 | 14.33
1885-86...1 0.90.1 0.40 [ 1.75 | 1.25 | 3.85 | 1.60 | 1.50 T. | 0.00 ([0.00]] 0.00 | 0.62 | 11.87
1886-87...| T.|0.27 | 0.44|0.30 | 0.00 | 0.86 | 0.00 | 0.68 T. | 0.00]0.06 | 1.54 4.15
1887-88...| 4.11 | 0.48 | 1.82 | 0.77 | 0.87 | 0.72 | 0.62 | 0.14 | 0.40 | 0.00 | 0.86 | 0.17 | 10.96
1888-89...| 0.35 | 2.82 | 1.49 | 3.47 | 2.85 | 0.77 | 0.14 | 0.09 | 0.00 | 0.06 | 0.62 | 0.29 | 12.95
1889-90...|.0.61 | 1.81 | 0.73 | 5.81 | 0.89 | 1.87 | 0.96 | 0.55 | 0.00 | 0.00 | 1.10 | 1.55 | 14.88
1890-91_ .| 0.26 | 1.07 {ooooi|omne oo oo e oo e e e e
Mean_...| 0.94 | 0.45 | 0.81 | 1.76 [ 1.06 | 1.24 | 0.74 | 0.42 | 0.13 | 0.12 | 1.26 | 1.48 | . 10.39

Record of precipitation at Fort Apache, Navajo County.

Latitude 33° 48/, longitude 109° 57’; elevation, 5,050 feet. Authority, Signal Service and United
States Hospital Service.]

Year. |Sept.| Oct. |Nov.| Dec.|Jan. | Feb. | Mar. | Apr.|May./June.|July.| Aug.| Total
187576 f oo e ]eeee {0,921 1,72 1 2,02 | 0.08 | 0.26 | 1.02 | 5.20 | 2.52 |._....__.
1876-77...| 2.00 | 2.44 [ 1.34 | 0.22 | 0.86 | 0.94 | 0.72 [ 0.96 | 1.16 [ 0.00 | 3.11 | 1.20 | 14.44
1877-78...10.99 | 0.81 | 0.19 | 2.07 { 0.18 | 1.35 | 2.41 | 1.77 [ 0.18 | 0.79 | 8.76 | 9.83 | 28.83
1878-79...] 0.76 | 0.00 | 1.94 | 1.14 | 1.89 | 1.17 | 0.03 | 0.12 | 0.00 | 0.05 | 3.92 | 3.06 | 14.08
1879-80...] 1.52 | 2.64 | 1.77 | 2.41 | 1.81 | v.95 | 0.80 { 0.46 | 0.00 | 0.46 | 5.83 | 1.44 | 19.59
1880-81._. 0.55 | 0.56 | 0.03 | 2.88 | 0.20 | 1.17 | 2.45 [ 1.53 | 0.85 | T. |5.63|8.31 | 23.16
1881-82_..| 5.41 | 4.68 | 0.85'| 0.54 | 2.82 | 2.85 | 1.09 { 0.91 [ 0.94 | 3.27 { 4.79 | 7.36 | 35.51
1882-83...1 1.02| T.|2.84|0.23 |0.85 | 2.46 | 2.03 [ 0.22 | 0.86 { 0.02 | 5.46 | 4.26 | 19.76
1883-84___10.60 | 1.89 [ 0.02 | 8.48 | 0.68 | 3.43 | 4.44 | 1.67 | 1.81 | 2.85 | 0.14 | 5.59 | 25.10
1884-85._.| 1.50 | 2.02 | 0.82 | 5.52 | 0.52 | 1.00 | 2.05 | 0.52 | 1.12 | 0.82 | 2.60 | 3.16 | 21.65
1885-86..| 0.44 | 0.88 | 1.56 | 1.41,[3.90 | 2.78| 1.06 [ 0.91 { 0.00 | 0.19 | 1.90 | 4.75 | 19.23
1886-87...18.16 | 1.66 | 0.56 | 0.24 { 0.59 | 2.16 | 0.04 | 0.81 {0 15 1.70 | 8.29  3.92 | 18.28
1887-88...|2.23 {0.55 | 1.88 [ 0.57 [ 1.42 | 1.83 | 2.92 [ 0.71 { 0.71 | T. | 3.2¢ {[1.00]] 17.01
1888-89...( 0.32 | 1.23 | 2.68 [ 2.88'1 2.24 | 0.88 | 1.85 | 0.47 | 0.00 } 0.11 | 2.67 | 2.87 | 18.15
1889-90...|1.02 | 0.46 | 0.55 | 3.98 | 2.26 { 2.40 | 0.82 { 1.89 [ 0.00 | 0.00 | 5.00 | 4.44 | 22.32
1890-91...[ 2.37 [ 2.17 | 2.85|8.02 | 1.65 { 410 | 0.85 | T. [ 0.36| T.|2.72(1.22| 2181
189192/ 1.81 | 0.00. | 0.00 | 0.65 | 0.65 | 2.29 [ 2.22 | 1.86 | 0.36 | 0.15 | 1.83 | 1.80 | 12.12
1892-93...| 1.23 | 0.55 | 0.57 | 0.69 | 0.28 | 1.10 | 2.45 | 0.00 | 2.18 | 0.00 | 2.57 [ 3.43 | 15.05
1893-04.__| 2.65 | 0.04 | 0.28 | 0.10 | 1.24 | 0.96 | 1.36 | 0.19 | 0.79 } 0.00 | 1.27 | 5.01 | 13.89
1804-95.. | 1.82 | 2.47 | 0.00 | 2.81 { 1.89 [ 0.72[0.02| T.|1.00|0.01 [0.74|5.44 | 16.42
1895-96.__| 1.68 | 3.02 | 2.89 | 1.12 | 0.16 | 0.833 | 0.86 | 0.34 | 0.00 | 0.52 | 4.81 | 4.86 | 19.09
Mean.:| 1.63 | 1.835 | 1.13 | 1.77 | 1.28 | 1.74 | 1.55 | 0.69 | 0.56 | 0.55 | 3.55 | 4.00 | .19.75
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Record of precipitation at Pinal Ranch, Pinal County.
[Latitude 33° 25/, longitude 110° 58’; elevation, 4,400 feet. Authority, Irion and Craig.]

Year. |Sept.| Oct. Nov.| Dec.|Jan. | Feb. |Mar.| Apr.|May.|June.|July.| Aug.| Total.

189192 - ||| e e 0.00 [0.81 [..._..._.
1892-93__.| 0.15 | 0.90 | 0.43 | 0.99 | 0.92 | 1.57 | 5.21 | 0.00 | 1.44 | 0.00 | 2.86 | 3.69 | 18.16
1893-94._| 4.13 | 0.00 | 1.66 | 0.83 | 1.23 | 1.81 | 1.93 | 0.00 | 0.14 | 0.00 | 1.63 | 2.87 | 16.23
1894-95...{ 0.32 | 1.19 | 0.00 | 7.77 | 7.28 | 1.06 | 0.31 | 0.00 | 0.86 | 0.00 | 0.68 | 5.83 | 24.80
1895-96...| 2.04 | 4.78 | 5.33 | 1.52 | 1.10 | 0.18 | 1.05 | 0.50 | 0.00 | 0.24 | 4.04 | 2.90 | 23.69
1896-97._.| 8.47 | 8.42 1 235 | 118 |- oeofeomeecf o] || e mnee O I

Mean..| 2.02 { 2.06 | 1.95 | 2.45 | 2.68 | 1.16 | 2.13 | 0.13 | 0.48 | 0.06 | 1.83 | 8.23 | ' 20.46

Record of precipitation at Phoenix, Maricopa County.
[Latitude 33° 28/, longitude 112° 00’; elevation, 1,068 feet. Authority, Weather Bureau.]

Year. |Sept.| Oct.|Nov.| Dec.| Jan. |Feb. |Mar.| Apr. | May.|June. July.| Aug.| Total.

187576 .|« ceeeefomeoocfemd e eens 0.82 | 0.27 | 0.00 | 0.00 f.eueee|ovonen [L.003}-eme e
1876-77...| 0.90 | 0.72 [0.00 | 0.00 | 0.60 | 1.63 [ 0.31 | 0.00 | 0.00 | 0.00 |[1.00]f 0.02 | 5.18
1877-78...) 1.11 | 0.04 | 0.08 { 0.43 | 0.07 | 1.07 | 0.96 | 1.25 | 0.04 | 0.00 | 2.40 | 1.63 | 9.08
1878-79...| 0.19 | 0.00 { 0.27 | 0.64 | 0.07 | 0.75 | 0.33 | 0.07 | 0.00 | 0.00 | 0.54 | 0.67 | 3.5
1879-80...| 0.69 | 0.27 | 1.66 [ 1.35 | 1.16 | 0.38 ] 0.26 | 0.15 | .00 | 0.49 | 1.18 | 0.72 | 8.81
1880-81...| 0.67 | 0.20 | 0.00 | 1.61 | 0.00 | 0.20 | 1.46 | 1.10 | 0.12 | 0.00 | 2.03 | 2.19 | 9.58
1881-82._.) 1.04 | 0.25 | 0.86 | 0.16 | 1.62 | 0.17 | 0.00 | 0.00 | 0.00 | 0.37 | 0.82 | 1.81 | 6.10
1882-83...1 1.25 | 0.10 | 1.30 | 0.00
1883-84...| 0.00 | 0.20 | 0.00 | 3.36
1884-85. .| 1.50 | 1.12 | 0.24 | 2.74
1885-86...| 0.07 | 0.09 | 0.91 | 0.32
1886-87...| 0.45 | 0.58 | 0.32 | 0.07
188788 .| oo e e {0.50]
1883-89...| 0.28 |[2.80]| 1.10 {[3.00]
1889-90...| 0.39 | 0.98 | 0.77 | 3.8
189192 ...l {.o.... 0.00 | 0.13
1892-93...] 0.00 | 0.00 | 0.00 | 0.00
1893-94_..| 0.00 | 0.00 | 0.60 | 1.00
1894-95...| 0.15 | 0.77 | 0.00 | 1.43
1895-96. ... ....|-.... 1122|007

Mean..| 0.54¢ | 0.51 | 0.48 | 1.44 | 0.57 | 0.83 | 0.72 | 0.290 | 0.15 | 0.07 | 1.08 | 0.97 | 7.60

Record of precipitation at Fort Bowie, Cochise County.

[Latitude 82° 12, longitude 109° 20’; elevation, 4,781 feet. Authority, United States Hospital
. Service and Weather Bureau.]

Year. |Sept.| Oct.|Nov.| Dec.|Jan. | Feb.|Mar. | Apr. | May.|June.|July.| Aug.| Total.

1866-67..._|-..__. JRRRIUNR ENUUN SRR NS ST IR BN FO DU DU 267 |
1867-68...1 1.70 | 'T. | 0.50 | 1.64 | 2.99 [ 1.10 [ 0.00 | 0.70 | 0.50 0.00 | 7.15. | 2.40 | 18.C8
1868-69._2 8.15| T. | 0.70 | 0.00 | 0.10 | 3.50 | 0.59 | 0.15 | 0.00 | 0.40 | 1.30 | 5.60 | 15.20
1869-70._.| 0.20 | T.|1.45|0.15 | 0.30 | 0.69 | 0.50 | T. | 0.00]0.60 | 4.50 | 5.42 | 13.81
1870-71._.[ 1.00 | 0.00 | .| 1.00 | 0.50 ([1.00]{[0.50]|[0.60]| 0.18 | 0.60 | 7.90 | 2.80 | 15.58
1871-72.._ 1.00 | 0.70 | €.90 |[1.25]|[0.40]|[0.50]| 0.00 | 0.25'| 0.20 | 1.04 | 1.67 |-8.86 | 11.27
1872-73...| 0.77 | T.|0.15|2.95]0.00|1.16 | 2.22| T. |1.09|0.14|0.50 | 1.8¢ | 10.82
1873-74...[ 0.01 | 0.03 | 1.12 | 2.02 | 2.83 | 5.40 | 1.50 | 0.35 | 0.00 | °T. | 2.66 | 3.12 | 18.54
1874-75...{ 0.06 | 1.40 | 1.45 | 0.48 | 1.35 [1.20 | 0.13 [ 0.13 | T.|0.65 | 422 | 177 12.82
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Record of precipitation at Fort Bowie, Cochise County—Continued.

[Latitude 32° 12, longitude 109° 20’; elevation, 4,781 feet. Authority, United States Hospital
Service and Weather Bureau.]

Year. |Sept.| Oct.|Nov.|Dec.|Jan. | Feb. | Mar. Aﬁr. May.|June.|July.| Aug.| Total.

1875-76._.1 3.19 | 0.00 | 0.25 [ 0.83 [ 0.60 { 0.45 { 0.48 | T. [ T.|2.05{4.55 400 16.40
1876-77...| 1.95 | 0.78 | 0.40 | 0.00 | 0.14 | 2.70 | 0.12 ] 0.14 | 0.90 | 0.00 | 1.24 | 0.18 | 8.50
1 1877-78.._[ 1.16 [ 0.00 | 0.00 | 2.04 |[0.50]( 0.50 | 2.83 | 1.00 | 0.20 | 0.20 | 4.92 | 7.44 | 20.79
4 1878-79...) 0.07 [ 0.07 | 1.50 | 1.09 | 8.00 | 0.63 | 0,40 | 0.02 | 0.00 | 0.60 | 1.01 | 0.20 | 7.9
4 1879-80...| 2.00 | 0.60 | 0.10 | 0.50 | 0.25 | 1.40 | 1.45 | 0.15'| 0.00 | 1.50 | 4.80 | 0.97 | 13.72
i 1880-81...]1.85 | 0.70 | 0.05 | 0.82 | 0.00 | 0.20 | 0.79 | 0.05 | 0.10 | 0.06 | 5.53 | 5.16 | 14.81
1881-82._.| 2.27 | 1.15 | 0.58 | 0.03 | 0.90 | 1.15 | 1.51 | 0.26 | 0.71 | 1.39 | 8.58 | 4.84 | 18.37
] 1882-83._.| 1.51 {[0.00]| 1.79 | 0.85 | 1.49 | 1.33 [ 2.84 | 0.00 | 1.50 [ 0.83 | 2.21 | .73 | 15.08
| 1883-84...[ 0.72 [ 0.20 | 0.89 | 1.12 [ 3.14 | 4.96 | 2.63 | 0.00 | 0.28 | 0.12 | 0.65 | 2.44 | 16.60
1384-85_..| 0.62 | 8.58 | 0.42 | 6.41 | 0.53 | 1.81 | 2.19 | 0.00 | 0.19 { 0.66 | 1.83 | 2.19 | 20.43
1885-86.._) 0.44 | 0.00 | 1.42 | 1.74 | 4.24 | 4.88 | 4.48 | 0.07 | 0.01 | 4.21 [ 2.24 | 2.49 | 26.22
1886-87..| 1.26 | 0.86 | 0.74 | 0.15 | 0.13 | 2.11 | 0.00 | 0.23 | T. | 1.30 | 4.49 [ 5.51 | 16.28
1887-88...| 2.71 | 1.01 { 1.10 | 1.9¢ | 1.11 | 1.50 | 1.92 | T.|0.46|0.53 [ 2,60 | 1.37 | 16.15
1888-89_..1 0.21 | 1.89 | 1.95 | 2.12 | 1.38 | 1.62 | 1.58 | T. | 0.09 | 0.09 | 2.65 | 0.201 13.78
1889-90_..1 3.87 | 0.74 | T.|0.51 | 0.78 | 0.23 | 0.03 | 0.59 | 0.00-| T. |4.97|4.06] 15.28
1890-01.._| 1.74 | 1.60 | 0.61 | 2.45 | 0.69 | 2.18'| 0.65 | 0.00 | 1.38 | T. |0.28 | 1.00| 12.58
1891-92...| 0.61 | .00 | 0.00 | 1.26 | 0.81 | 8.86 | 1.62 | 0.41 | 0.00 |-0.50 | 1.12 | 2.65 | 12.34
1892-93...( 0.00 | 1.80 | 0.30 | 0.60 | 0.40 { 0.80 | 2.70'[ 0.00 | 0.30 [ 0.00 | 3.69 | 3.41 | 14.00
| 1803-94.__ 1.06 | 0.04 | 0.07 | 0.25 | 0.65 | 2.55 | L.ov [0.01| T.| 'T.|1.07|4.80 | 1L.57
1 1804951 1,06 oo e e e e

Mean. | 1.26 | 0.59 | 0.66 | 1.25 | 1.04 | 1.81 [ 1.28 | 0.19 } 0.30 | 0.61 | 8.08 [ 3.95 | 16.02

Record of precipitation at Wilcox, Cochise County.

[Latitude 82° 20", longitude 109° 42/; elevation, 4,164 feet. Authority, Weather Bureau.]

p—

Year. |Sept.|Oct. | Nov.| Dec.|Jan. | Feb. | Mar.| Apr.| May.|June. July.| Aug.| Total.

1880-81.._|...... 0.04 | 0.00 | 0.40 | 0.02 | 0.00 | 2.95 | T |0.00 [0.00]| 8.97 | 5.17 } 12.55
i 1881-82._.] 0.00 | 0.00 [ 0.00 | 0.00 |[0.50]| 1.15 | 0.00 | 0.00 | 0.00.1[0.90]| 0.11 | 3.46 | 6.22
1882-83...| 1.56 | 0.00 | 0.58 | 0.82 | 1.25 | 0.31 | 0.41 | 0.00 | 0.33 | 0.03 | 1.56 | 8.15 | 9.50
1883-84._.1 0.04 | 0.80 | 0.86 | 0.99 | 0.80 | 1.61 | 1,75 | 0.00 | 0.00 | 0.04 | 1.17 | 1.54 | 8.60
1884-85.__| 0.14 | 8.59 | 0.25 | 3.49 | 0.05 | 0.63 | 1.52 | 0.03 |[0.20]| 0.34 | 1.78 | 2.10 | 14.12
1885-86... 1.11 | 0.00 | 0.56 | 0.19 |[8.00]{[1.00]| 0.15 | 0.01 | 0.00 | T. | 0.37 | 2.14| 8.53
1886-87...11.68 | 0.36 | 0.58 | 0.08 | 'T. | 1.83 | 0.00| 0.03 | 0.48 | 0.47 | 8.82 | 5.81 | 14.64
1887-88...1 2.96 | 0.45 | 0.22 | 0.92 { 0.86 | 1.21 | 1.13 | 0.03 | 0.14 | 0.08 | 3.68 | 0.42 | 11.60
1888-89._.1 0.50 | 1.15 | 1.86 | 1.87 | 1.81 | 0.90 | 1.05 | 0.04 | 0.00 | 0.13 } 4.91 | 0.97 | 14.20
1889-90...1 2.61|0.83 | T.|0.62|1.61]0.35|0.22|0.63}0.00|0.14 | 2.64 | 5.20 | 15.15
1890-91.. 1 1.97 | 0.54 | 0.43 | 0.72 | 0.54 | 2.45 | 0.26 | 0.00 | 0.87 | 0.07 | T, |2.10| 9.9
1891-92...| 0.22 | 0.00.| 0.00 | 0.85 | 0.05 | 1.45 | 0.84 | 0.25 | 1.02 , 2.00 | 0.97 | 0.94 | 8.59
1892-93...1 0.82 | 0.00 | 0.00 | 0.17 | 0.00 | 0.10 | 0.79 [ 0.00 | 0.50 | 0.00 | 1.74 | 1.03; 4.65
1893-94... 0.93 | 0.00 | 0.00 | 0.00 | 0.50 | 1.37 | 0.77 | 0.00 | 0.00 | 0.00 | 0.00 | 1.52 | 5.09
1894-95..| 0.27 | 0.78 | 0.00 | 0.67 | 0.11 | 0.00 | 0.00 | 0.00 } 0.77 | 0.00 | 1.92 | 8.06 | 7.58
1895-96.._| 0.11 | 0.08 | 1.59 | 0.40. 0.27 | 1.08 | 0.05 | 0.00 | 0.00 | 0.00') 1.46 | L.77 | .76

Mean._| 0.98 | 0.51 [ 0.40 | 0.70 | 0.65 [ 0.96 | 0.74 | 0.06 | 0.27 | 0.26 | 1.88 | 2.49 | 9.90
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Record of precipitation at Fort Grant, Graham County.
[Latitude 32°.36’ , longitude 109° 53'; elevation, 4,860 feet. Authority, Weather Bureau.]

Year. |Sept.|Oct. |Nov.| Dec.|Jan. | Feb. | Mar. | Apr.| May. June.| July.| Aug.| Total.

o7 N IR IR O S 0.00 {0.10 | 1.00 | 0.00 | 0.50 | 1.40 | 1.70 | 5,20 | 9.90 |
1873-74...1 2.50 | 0.46 1 8.38 | 1.75 | 1.58 | 2.87 | 2.45 | 0.58 | 0.07 | 0.00 { 2.70 | 2.01 | 20.35
1874-75...1 0.00 | 1.47 [ 0.80 | 8.78 | 2.48 | 1.44 | 1.95 | 1.52 | 0.00 | 0.50 | 7.02 | 1.08 | 21.54
1875-76... 4.59 | 0.01 | 0.20°| 0.12 | 0.26 | 0.24 | 0.44 |.._._.|..._.. 0.65 | 5.27 | T.41 |......._. ’
1876-77...1 1.99 | 2.86 | 1.00 |[1.42]| 0.17 | 1.50 | 0.30 | 0.42 1 0.66 | 0.00 | 0.94 | 0.60 | 11.86 |
1877-78... 2.88 | 0.50 | 0.00 | 2.16 | 0.23 | 0.50 | 0.37 | 0.18 | 0.00 | 0.82 | 6.44 | 4.93 | 18.51
1878-79...1 0.20 ( 0.00 | 1.90 | 1.89 | 1.38 | 0.47 | 0.85 | 0.07 | 0.00 | 0.08 | 2.59 { 1.12 | 10.05
1879-80... 2.18 | 1.83 | 0.87 | 1.88 | 0.60 | 0.48 | 0.85 | 0.08 | 0.00 | 1.32 | 5.63 | 8.78 | 18.95
1880-81... 1.01 | 0.47 | 0.00 | 1.57 | 0.05 | 0.33 { 0.89 | 0.84 [ 0.26 | T. | 5.53 | 5.47 | 16.42 :
1881-82.._ 8.84 | 1.02 | 0.08 | 0.65 | 0.86 | 1.26 | 1.84 | 0.07 | 0.81 | 1.47 { 2.62 | 4.73 | 19.25 |
1882-83...1 0.80 1 0.00 | 0.99 | 0.17 | 1.21 | 1.40 [ 1.27| 0.03 | 1.16 | 1.26 | 2,90 | .07 | 14.06
1883-84...) 0.42 | 1.21 | 0.11 | 1.44 | 1.12 | 4.62 | 8.87 | 0.47 | 0.81 | 1.20.| 0.67 | 2.41 | 18.85
1884-85...1 0.98 [ 8.06 | 0.53 | 5.93 | 0.81 | 1.02 | 1.40 | 0.04¢ | 0.25 [ 0.73 | 0.93 | 1.58 | 16.76
1885-86...1 0.81 [ 0.03 | 1.30 | 0.81 | 2.46 | 1.29 | 0.53 | 0.80 | 0.04 | 0.57 | 2.79 | 8.40 | 14.83
1886-87...1 3.49 | 0.57 1 0.10 | 0.09 [ 0.11 | 2.58 | T. |0.36|0.16 | 0.85 | 9.00 | 6.20 | 23.51
1887-88...1 4.20 | 0.37 | 0.28  0.21 { 0.12 | 0.44 | 0.83 | 0.50 { 0.18 | 0.02 | 4.27 | 0.52 | 11.94
1888-89...1 0.78 | 1.19 { 3.67 | 1.68 | 1.99 | 1.28 | 1.04 | 0:18 | T. | 1.06 | 3.57 | 1.85 | 17.74
1880-90...] 0.69 | 0.94 | 0.16 | 1.11'{ 1.58 | 0.46 | 0.46 | 0.92 [ 0.01 | 0.20 | 3.28 | 4.5¢ | 1£.80
1890-91...1 0.69 | 1.62 | 0.16 | 2.01 | 0.82 | 3.98 | 0.28 [ 0.00 | 1.40 | 0.10 | 1.19 | 2.25 | 14.30
1891-92...1 1.21 | 0.00 | 0.00 | 1.18 | 0.96 | 1.59 | 1.66 | 0.64 | 0.85 | 0.00 | 0.86 | 1.00 | 9.45
1892-93...1 0.11 | 0.46 | 0.12 | 0.15 | 0.56 | 0.59 | 1.26 | 0.00 | 0.58 | 0.00 | 4.24 | 2.00 | 10.07
1893-94...| 3.87 | T. | 0.40 | 0.35 | 0.38 | 8.43 | 0.66 | 0.13 | 0.37 | 0.00 | 2.55 | 1.98 | 1412
1894-95.._1 0.14 | 1.10 [ 0.00 | 2.79 | 1.65 { 0.37 | 0.02 | 0.07 | 0.80 | 0.14 | 1.09 | 4.02 | 11.69
1895-96...1 1.69 | 1.21 | 2.05 | 0.61 | 0.29 [ 0.50 | 0.34 | 0.26 [ 0.00 | 0.90 | 1.88 | 2.68 | 12.41

Mean..| 1.70 | 0.89 | 0.76 | 1.42 | 0.88 | 1.36 | 1.02 | 0.33 | 0.34 | 0.53 | 8.82 | 3.05 | 15.45

Record of precipitation at Fort Thomas, Graham County.

[Latitude 33° 04, longitude 108° 51’; elevation, 2,700 feet. Authority, United States Hospital
Service and Weather Bureaun.]

Year. |Sept.| Oct. |Nov.| Dec. |Jan. | Feb. Mar. | Apr.|May. |June.| July.| Aug.| Total.

o) SN RN PRI (RPN IS EPIPIN NP 0.06 { 0.00 | 0.55 | 0.87 | 2.49 |.___.____
1880-81...( 0.55 | 0.18 | 0.08 | 1.27 | 0.03 | 0.13 | 1.21 [ 0.63 | 0.07 | 0.00 | 4.18 | 2.49 | 10.77
1881-82...| 1.55 | 0.40 | 0.32 | 0.40 | 0.83 | 1.01 | 0.70 | 0.02 { 0.47 | 1.26 | 0.88 | 2.48 | 9.82
1882-83...| 0.28 | 0.00 | 0.97 | 0.46 | 1.23 | 1.54 | 1.33 [ 0.00 | 0.79 | 0.00 | 1.85 | 2.52 | 10.77
1883-84. .| T. | 0.52 | 0.00 | 1.07 | 0.45 | 2.94 | 8.21 | 0.72 [ 0.60 | 0.52 | 0.36 | 2.04 | 12.43
1884-85...1 0.91 | 0.69 | 0.56 | 5.16 | 0.08 { 1.00 | 0.75 | 0.14 [ 0.09 | 0.18 | 2.93 | 2.46 | 14.90
1885-86...1 0.02 | 0.01 | 0.38 | 0.71 | 2.16 | 1.40 [ 0.44 | 0.24 [ 0.00 | 0.00 | 0.10 | 4.02 | 9.48
1886-87...1 1.18 | 1.12 | 0.16 | 0.04 | 0.09 | 0.84 | 0.00 | 0.81 [ 2.73 | 0.85 | 3.78 | 2.53 | 13.18
1887-88...| 3.87 | 0.28 | 0.52 | 1.05 | 0.65 | 1.06 | 1.78 | 0.87 | 0.23 | 0.00 | 1.88 | 0.64 | 12.33
1888-89.. 0.55 | 2.80 | 1.72 | 1.66 | 1.47 | 1.85 | 0.96| 0.10. | 0.00 | T. | 3.45|1.40 15.46
1889-90...| 0.38 | 0.26 | 0.34 | 1.18 | 1.92 | 0.49 | 0.45 | 1.21 | 0.00 | T.|2.02|4.11 | 12.36
1890-91.._| 0.75 | 1.30 | 0.69 | 0.99 | 0.72 | 2.98 | 0.40 | 0.00 | 1.61 | 0.18 |._._..[......|.._._._.

Mean..| 0.91 | 0.69 | 0.50 | 1.27 | 0.83 | 1.84 | 1.02 | 0.82 [ 0.55 | 0.25 | 2.08 | 2.47 | 12.18
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Record of precipitdtion at San Carlos, Gila C;nmty.
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[Latitude 33° 12, longitude 110° 27/; elevation, 3,456 feet. Authority, Weather Bureau.]

Year. {Sept.| Oct. {Nov.|Dec.{Jan. |Feb. Mar.| Apr.|May. June.|July.{ Aug.| Total.
pE: ) W PRI PR BUNRIS PRI PPN IR FPS SOV SO 0.00 | 4.13 | 5.98 |.........
1881-82_..1 1.94 | 0.93 | 0.06 | 0.52 | 1.24 | 0.93 | 0.55 | 0.00 | 0.71 | 1.09 | 1.98 | 6.05 | 16.00
1882-83...| 0.58 | 0.00 | 1.58 | 0.66 | 1.60 | 2.07 | 0.71 | 0.00 | 0.53 | 0.00 | 2.48 | 1.11 | 11.82
1883-84._.[ 0.11 [ 1.13 [ 0.00 | 2.47 | 1.00 | 3.83 { 8.97 | 0.84 [ 0.32 | 0.49 | 0.37 | 1.24 | 15.77
1884-85...| 0.83 | 1.49 { 0.55 | 5.48 { 0.05 | 1.89 | 1.28 | 0.03 | 0.22 | 0.47 | 1.25 | 1.22 | 14.26
1885-86...| 0.84 | 0.84 | 0.70 | 0.90 | 2.88 { 1.20 | 0.82 { 0.14 | 0.00 | 0.00 | 0.03 | 3.49 | 10.93
1886-87...1 0.87 {1 0.46 | 0.46 ! 0.00 | T.|1.12|0.00|0.23|0.06 | 0.31 | 2.49 | 1.56 7.56
1887-88...| 0.88 | 0.08 |[0.50}| 1.45 | 0.52 | 1.03 | 1.93 | 0.00 | 0.10 | 0.00 | 2.10 | 0.40 | 8.99
1888-89.._ 0.63 | 1.73 | 1.76 | 2.84 { 1.62 | 1.33 | 2.15 | 0.25 | 0.00 | T. | 1.83 | 0.87 | 15.01
1889-90._.| 2.05 | 0.60 | 0.40 | 2.30 { 2.11 | 1.66 | 1.03 | 1.81 | 0.00 | 0.00 | 2.25 | 8.41 | 17.12
1890-91..: 0.89 | 1.22 | 2.12 | 2.63 | 0.75 | 5.25 | 0.47 | 0.00 | 0.77 | 0.00 | 0.57 | 1.00 | 15.67
1891-92...| 0.75 | 0.00 [ 0.00 | 1.44 { 1.80 | 3.51 | 1.22 ( 1.03 | 0.08 | 0.00 | 1.80 | 1.90 | 138.08
1892-93...| 0.00 | 0.65 [ 0.34 | 0.22 | 0.50 | 0.55 | 2.96 | 0.00 | 0.67 | 0.00 | 0.80 | 8.78 | 10.47
1893-94.__| 2.56 | 0.00 [ 0.34 | 0.37 | 0.63 | 1.87 | 1.14 | 0.11 | 0.81 | 0.00 | 0.81 | 2.06 | 9.70
1894-95...1 0.09 { 1.05 | 0.00 | 2.58 | 2.16 | 0.45 | 0.18 | 0.00 | 0.04 | 0.05 | 0.32 | 2.39 | 9.31
1895-96...| 1.94 | 3.01 { 3.42 | 0.45 | 0.43 | 0.04 | 0.50 | T.|0.00{ T.|3.780.88. 14.45
Mean..{ 0.96 | 0.85 | 0.82 | 1.62 | 1.15 [ 1.72 | 1.26 | 0.26 | 0.25 | 0.15 | 1.66 | 2.33 | 13.08

Record of precipitation at Benson, Cochise County.

[Latitude 82° 00’, longitude 110° 22’; elevation, 3,580 feet. Authority, Pacific Railway System.]
[

Year. |Sept.| Oct.[Nov.|Dec.| Jan.| Feb.| Mar.| Apr.| May.|June.|July.| Aug.| Total.
1880-81...|[0.71] 0.00 | 0.00 |[1.50]| 0.00 | 0.00 | 0.75 | 0.00 [ 0.00 | 0.02 | 2.17 | 4.33 | 9.48
1881-82.../ 0.99 | 0.84 | 0.00 | 0.00 [ 0.40 | 1.20 | 0,00 { 0.00 | 0.00 | 0.86 | 2.00 | 3.58 9.37
1882-83...| 0.65 | 0.00 | 0.80 | 0.15 | 0.65 | 0.63 | 2.08 | 0.00 | 0.42 | 0.16 | 2.97 | 2.78 | 11.29
1883-84...1 0.10 | 0.21 | 0.07 | 0.50 | 0.20 | 0.63 | 1.20 | T. | 0.00 | 0.00 | 0.70 | 0.27 | . 3.88
1884-85...10.80 | 2.80 | T. | 2.50|0.05|0.95]0.07 | 0.00 | 0.00 | 0.75 | 0.58 | 1.44 | 9.53
1885-86...1 0.14 | 0,00 | 0.09 | 0.17 | 0.79 | 0.67 | 0.08 | 0.00 | 0.00 | 0.00 | 1.44 | 2.68 6.06
1886-87...10.17 | 0.25 | 0.00 | 0.19 } 0.00 | 0.34 | 0.00 T. | 0.08|0.00|1.49 | 2.39 4.91
1887-88...1 2.92 | 0.45 | 0.87 | 0.15 | 0.04 | 0.00 | 0.80 | 0.00 | 0.37 [ 0.00 | 2.44 | 1.66 | 8.70
1888-89...| 0.05 | 0.84 | 1.11 | 1.03 | 0.93 | 0.07 | 0.63 | 0.00 | 0.00 | 0.63 | 2.16 | 0.94 | 8.39
1889-90...| 1.04 | 0.05 | 0.00 | 1.33 | 1.94 | 0.00 { 0.00 | 0.23 | 0.00 | 0.52 |[2.50]] 4.81 | 12.42
1890-91...| 1.44 { 0.41 | 0.50 | 1.48 | 0.38 | 1.31 | 0.15 | 0.00 {[0.00]![0.25]| 1.19 | 1.81 | 8.92
1891-92...| 0.84 | 0.00 | 0.00 | 0.38 | 0.40 | 1.30 | 0.40 | 0.42 | 0.00 | 0.00 | 0.00 | 0.07 } -8.31
1892-93...) 0.08 | 0.00 | 0.00 |[0.63]] 0.00 | 0.00 [[0.92]| 0.00 | 0.76 | 0.00 | 2.88 | 8.03 | 8.25
1893-94...| 0.12/ 0.00 | 0.00 | 0.00 | T. | 1.50 | 0.40|0.00| 0.00 | 0.10 | 1.65 ' 2.03 | 5.80
1894-95...10.95 | 0.00 | 0,00 | 0.74 | 0.00 | 0.00 |[0.47]( 0.00 | 1.00 | 0.00 [ 0.13 | 1.20 | 4.49
1895-96...| 1.40 | 0.00 | 0.00 | 0.00 | 0.10 | 0.00 | 0.12 | 0.00 | 0.00 | 0.00 | 0.00 | 0.60 | 4.77
Mean..; 0.71 | 0.34 | 0.18 { 0.63 { 0.36 | 0.54 | 0.47 | 0.0£ { 0.16 | 0.21 | 1.68 | 2.10 .42
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- Rect;rd of precipitation at Tueson, Pima County.

[Latitude 82° 14, longitude 110° 54’; elevation, 2,404 féet. Authority, Pacific Ballway Bystem and
E. L. Wetmore.]

Year. |Sept.| Oct. | Nov.| Dec.| Jan. | Feb. | Mar.| Apr.| May. Jﬁne. July. Aug. Total.

187576 . _|oeees|eennns 0.18 | 0.82 | 0.37 |0.25 | 1.22 [ 0.00 | 0.00 | 0.29 | 8.71 | 4.19 |._.......
1876-77_..| 2.28 | 0.96 [ 0.75 | 0.00 | 0.19 | 2.53 | 0.20 | 0.57 | 0.41 | 6:00 | 3.04¢ | 0.02 | 10.95
1877-78.._| 2.44 [ 0.46 | 0.00 | 2.91| 0.22 | 1.00 | 1.77 [ 0.52 | 0.00 | 0.65 | 5.72 | 4.71 | 20.40
1878-79.._( 0.08 { 0.00 | 1.81 | 0.68 | 2.02 | 0.94 | 0.83 [ 0.02 | 0.00 | 0.01 | 0.84 | 1.76 | 8.49
1879-80-__{ 0.74 | 0.94 { 0.60 | 3.31 | 0.56 | 0.15 | 0.41 [ 0.04 | 0.00 | T. |1.62{1.28| 9.65
1830-81.__ 1.89 [ 0.09 | 0.00 | 0.57 | 0.05 | 0.25 | 1.17 [ 0.62 | 0.04 | 0.00 | 5.69 | 3.92 | 14.20
1881-82...[ 2.37 | 0.62 [ 0.00 | 0.19 | 1.75 | 1.64 { 0.72 | 0.05 | 0.01 | 0.99 | 2.63 | 6,32 | 17.29
1882-83.__{ 0.82 { 0.00 [ 1.12 [ 0.04 [ 1.27 | 0.51 [ 1.14 | T.|0.85 0,08 |2.20 | 1.40| 8.43
1883-84_..| 0.10 | 0.65 | 0.02 | 0.06 | 0.83 | 2.59 | 1.91 | 0.17 [ 0.23 | 0.23 | 0.32 | 1.15 | 8.26
1884-85...1 0.30 | 2.24 [ 0.34 | 4.2 | 0.00 | 0.42 | 0.40 | 0.00 | 0.00 | 0,13 | 1.00 | 1,76 | 11.31
1885-86_..| 0.12 | 0.00 | 0.42 | 1.01 | 1.61 | 0.86 | 0.87 | 0.06 | 0.00 | 0.00 | 1.06 | 2.47 | 7.98
1886-87_._|[1.00]| 0.31 | 0.45 | 0.40 | 0.00 | 0.85 | 0.00 | 0.38 [ 0.32 | 0.28 | 5.08 | 1.25 | '10.30
1887-88._.| 2.08 | 1.72 | 0.74 | 0.27 [ 0.78 | 0.57 | 1.03 | T.|0.82 | 0.55 [ 1.58 | 0.92 | 10.51
1838-89_..1 0.10 [ 0.78 | 2.08 | 1.96 | 1.74 | 1.06 | 1.98 | 0.18 | T.|0.30 | 5.66 | 2.06 | 17.88
1889-90...{ 8.12 | 0.36 | 0.32 | 1.59 | 1.27 | 0.76 | 0.29 | 0.10 | 0.00 | 0.00 [ 2.87 | 5.13 | 15.81
1890-91_..| 1.4 | 0.65 [ 0.83 | 1.82 | 0.12 | 2.08 | 0.17 | 0.00 [ 0.18 | 0.22 | 0.70 | 2.26 | 9.97
1891-92...; 0.65 | 0.00 | 0.00 [ 0.23 | 1.66 | 2.54 | 1.01 | 0.26 | 0.36 | 0,21 | 2.19 | 1.84 | 10.95
1892-93.._| 0.61 | 0.52:/ 0.00 | 0.25 | 0.27 | 0.88 | 1.16 | T. | 1.09|0.00 | 2.44 | 5.65 | 12.67
189394, 0.96| T.|0.40[0.41[011|1.04|137| T.|0.05| T. |1.60]|201| 6.7
1894-95.__[ 0.12 | 0.81 | 0.00 | 1.88 | 0,56 | T. |0.00{ T.|0.09|0.02|0.11|5.35| 8.4
1895-96...| 0.75 | 0.6 | 4.30 | 0.08 | 0.53 | 0.10 [ 0.27 | 0.12 | T. |0.19 |8.45 |1.25 | 1L.72

Mean..| 1.07 | 0.55 [ 0.66 | 1.08 { 0.76 | 0.98 | 0.84 | 0.15 [ 0.16 | 0.20 | 2.52 | 2.65 | 11.62

Record of precipitation at Casa Grande, Pinal County.
[Latitude 82° 54’, longitude 111° 40’; elevation, 1,398 feet. Authority, Pacific Railway System.]

Year. |Bept.| Oct. |Nov.| Dec. | Jan. | Feb. | Mar. | Apr.| May.|June.| July.| Aug.| Total.

1880-81._.1{0.45]| 0.05 | 0.00 |[1.00}! 0.00 | 0.00 |[1.00]| 0.73 | 0.00 | 0.00 | 0.00 | T. 3.23
1881-82...] 0.00 | 0.00 | 0.00 | 0.00 |{2.00]/[0.80| 0.00 | 0.00 | 0.00 |[0.10]) 0.00 | 0.00 | 2.90
1882-83...| 0.00 | 0.00 ([0.85]| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.24 [ 0.00 |[1.007] 0.81 { 2.40
1883-84...| 0.00 { 0.10 | 0.00 | 0.86 { 0.75 |[1.00]| 1.08 | 0.00 | 0.00 | 0.00 | 0.00 ( 2.37 | 6.16
1884-85...1 0.00 | 1.81 | 0.00 | 3.20 | 0.00 | 0.30 | 0.10 | 0.00 | 0.00 | 0.00 | 0.75 | 0.64 | 6.80
1885-86...| 0.00 | 0.00 | 0.23 | 0.00 | 0.90 [1.25] 0.74 | 0.09 | 0.00 | 0.00 | 0.83 | 1.46 | 5.00
1886-87...{ 0.00 | 0.00 | 0.85 | 0.00 | 0.00 | 0.40 | 0.00 | 0.80 | 0.20 |-0.40 | 1.07 | 0.97 [ 3.69
1887-88...|-1.99 1 0.95 | 1.28 | 0.15 | 0.61 | 0.00 | 0.45 | 0.00 {{0.10]| 0.00 | 0.28 | 0.00 | - 5.81
1888-89...1 0.41 ([1.00]} 0.70 | 0.%5 [[1.00]} 0.00 | 0.50 | 0.10 | 0.00 | 0.00 | 0.00 | 0.00 | 4.46
1889-90...| 0.50 | 0.80 | 0.10 | 1.25 | 0.80 | 0.61 |0.41{ 0.88 | 0.00 | 0.00 | 1.38 | 8.41 | 9.14
1890-91...| 0.96 | 0.38 | 2.00 | 0.87 | 0.65 | 1.90 | 0.00 | 0.00 | 0.00 { 0.00 | 0.90 | 0.00 | 7.66
1891-92..-| 0.00 | 0.00.| 0.00 | 0.17 | 8.25 | 2.85 | 0.65 | 0.00 | 0.84 0000231064 7.63
1892-93...| 0.00 | 0.15 | 0.00 | 1.14 | 0.06 | 0.00 | 1.87 | 0.00 | 0.07 | 0.00 | 1.92 | 0.95 | 5.98
1893-94...| 0.00 | 0.00 | 0.00 | 0.25 { 0.00 | 0.10 | 0.62 | 0.00 | 0.07 | 0.00 | 0.67 | 0.81 | 2.52
1894-95...| 0.89 [ 0.18 | 0.00 | 2.53 | 0.45 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.85 | 1.80 | 5.65
1895-96...| 2.00 | 1.60 | 0.60 |...... 0.65  0.00 | 0.10 | 0.00 | 0.00 | 0.00 |...... 0.88 [cenennun-

Mean..| 0.45 | 0.40 | 0.35 [ 0.81 | 0.66 | 0.54 | 0.47 | 0.10 | 0.06 | 0.03 | 0.58 | 0.89 | 5.84
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Record of precipitation at Maricopa, Pinal County.

[Latitude 33° 08, longltude 1120 00; elevation, 1,190 feet. Authority, Pacific Railway System and
Weather Bureau.]

Year. * {8ept.| Oct. | Nov.| Dec. | Jan. | Feb. | Mar.| Apr. ]\fay. June.|July.| Aug.| Total.

187576 |- oee|einnn 0.00 | 0.00 | 0.72 { 0.27 | 0.89 | 0.00 | 0.00 | 0.45 | 0.44.| 1.09 |..__.._..
1876-77...| 0.00 | 0.10 | 0.41 | 0.00 | 0.08 | 1.57 | 0.30 | 0.03 | 0.41 | 0.00 { 1.26 | 0.00 | 4.16
187718, 1.07 | 0.00 | 0.01 | 1.54 [ 0,00 | 101 {_ .ol oo}l e ee e e I
1878-%9_ .| ool e e JRUU SO AN I P .1 0.00]0.10 | 181 |....._..
1879-80.__| 0.38 | 0.04 | 0.85 | 0.80 | 1.45 | 0.16 | 0.00 | 0.75 | 0.00 | 0.00 | 0.00 | 0.00 | 4.43
1880-81...| 0.50 | 0.00 | 0.00 | 0.50 | 0.00 | 0.00 | 0.88 | 0.00 | 0.00 { 0.00 | 0.00 [ 1.47 | 3.85
1881-62...| 0.50 | 0.00 | 0,00 | 0.00 | 'T.10.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.38 | 0.88
1882-83.._| 0.00 | 0,00 | 0.00 | 0.00 | 1.84 [ 0.00'{ 0.00 | 0.00 { 0.00 | 0.00 | 0.50 | 8.57 | 5.41
1883-84._.1 0.80 | 0.00 | 0.00 | 1.96 [ 0.38 | 0.74 | 2.83 } 0.51 | 0.01 | 0.52 | 0.53 | 0.86 |, 8.44
1884-85...| 1.10 | 1.51 | 0.20 | 2.97 | 0.00 | 0.45 | 0.15 [ 0.00 | 0.18 | 0.04 | 0.48 | 0.92 | 8.00
1885-86...] T. ]0.00}0.56)0.19]1.32 | 1.65|1.71 | 0.06 | 0.00 | 0.00 | 0.16 | 0.08 | 5.73
18%6-87._.1 0.06 [ 0.76 | 0.21 1 0.11 1 0.00 | 0.17 | T.|0.51|0.31 | 0.08 [ 0.43 | Q.50 |  3.09
1887-88._.1 1.00 | 0.28 | 1.18 | 0.00 | 0.00 | 0.12 | 0.48 | 0.00 | 0.00 | 0.00 | 0.80 | 0.22 { 4.03
1888-89...1 0.85 | 0.52 1 0.75 | 0.70 | 0.85 | 0.15 ] 1.19 | 0.00 | 0.00 | 0.00 ] 0.55 | 0.90 | 5.96
1889-90.._| 0.90 | 1.20 | 0.83 | 8.00 | 0.00.| 0.22 | 1.02 | 0.00 | 0.00 | 0.00 | 0.10 | 4.29 | 11.56
1890-91. | 0.15 | 0.07 | 0.31 | 2.47 | 0.02 | 2.83 | 0.00 | 0.01 { 0.00 | 0.00 | 0.13 | 0.89 | 5.88
1801-92.__| 0.13 | 0.00 | 0.00 { 0.00 | 1.55 | 2.44 | 0.50 | 0.40 [ 0.14 | 0.00 | 0.62 | 0.25 | 6.03
1892-93___| 0.15 | 0.00 | 0.00 | 0.00 | 1.26 | 0.00 | 1.14 | 0.00 | 0.64 | 0.00 | 0.68 [ 0.50 | 4.87
1893-04...| 2.08 | 0.00 | 0.30 | 0.00 | 0.32 | 0.12 { 0.50 | 0.00 | 0.00 | 0.60 | 0.88 | 1.96.| 5.66
1894-95._.| 0.35 | 0.50 | 0.00 | 2.44 | 0.61 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.93 | 0.85 | 5.68
1895-96...| 1.10 | 1.10 | J.48 | 0.00 | 0.68 | 0.00 | 0.22 | 0.00 | 0.00 | 0.03 | 1.18 | 0.27 | 6.06

Mean..| 0.53 | 1.01 | 0.85 | 0.83'| 0.52 | 0.57 | 0.60 | 0.12 | 0.81 | 0.04 | 0.46 | 1.01 6.85

Record of precipitation at Texas Hill, Yuma County.

[Latitude 82° 44/, longitude 113° 88’; elevation, 855 feet. Authority, Pacific Railway System.}

Year. Sept.| Oct. | Nov.| Dec. | Jan. | Feb. | Mar. | Apr.| May.|June.| July | Aug. | Total.

1879-80__.| 0.05 | 0.55 | 0.43 | 0.47 | 0.23 | 0.00 | 0.00 | 0.06 | 0.00 | 0.00 | 0.00 | 0.00 | 1.79
1880-81...| 0.85 | 0.00 | 0.00 | 0.34 | 0.00 | 0.00 | 0.24 | 0.56 [ 0.00 | 0.00 | 0.03 | 0.24 | 1.76
1881-82_..[ 0.12 | 2.50 | 0.00 | 0.18 | 1.87 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.53 | * 5.20
1882-83.._/10.00]| 0.05 | 0.12 | 0.00 | 0.19 | 0.14 | 0.20 | 0.08 | 0.00 | 0.00 | 0.68 | 0.70 | 2.11
1883-84_._ 0.00 [ 0.09 ([0.00]| 1.05 | 0.22 | 1.21 | 1.75 | 0.28 | 0.28 | 0.00 [ 0.00 | 0:00 | 4.88
1884-85... 0.02 | 0.00 | 0.00 | 1.26 | 0.00 | 0.04 | 0.02 | 0.00 | 0.00 | 0.00 | 0.00 | 2.25 | - 3.59
1885-86...| 0.00 | 0.00 | 0.82 | 0.00 | 0.93 | 1.15 | 0.00 | 0.20 | 0.00 | 0.00 | T. |0.95| 3.55
1886-87...| 0.00 | 1.50 | 0.00 | 0.00 | 0.00 | 0.01 { 0.00| T.|0.00|0.00| T.| T.| L5t
1887-88__| 2.89 | 0.00 | 1.40 [ 0.05 | 0.25 | 0.00 | 0.63 ] 0.00 | 0.00'| 0.00 | 0.08 | 0.00 | 5.30
1888-89___|[0.301] 1.94 |{0.50]| 1.29 | 2.65 | 0.00 | 0.12 | 0.00 | 0.00 | 0.00 | 'T.|0.00| 6.80
1888-00__ | 0.00 | 0.10 | 0.05 | 0.62 | 0.00 | 0.40 | 0.00 | 0.00 | 0.00 | 0.00 | 0.10 |[0.50)] 1.77
1800-91._( 0.10 | 0.03 | 0.10 { 1.28 { 0.00 | 2.50 { 0.00 [ 0.00 | 0.00 | 0.00 [ 0.11 | 0.85 | 4.77
1891-92...| 0.20 | 0.00 | 0.00 |[0.05]] 1.64 [ _.___|..___fore.- 0.00-| 0.00| 0.00 | 0.00 |._.......
1892-03...| 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |[1.50| 0.00 | 0.00 | 0.00 | 0.40 | 0.00 | 1.90
1808-94...| 0.00 | 0,00 ] 0.00 | 0.00 |......|oooo oo feoi] - JR FES IS
180405 | femne] | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.60 | 0.00{-___....
1805-96...| 0.00 | 0.00 | 0.10 | 0.00 | 0.00 | 0.00 | 0.75 | 0.00 | 0.00 | 0.00 | 1.15 | 1.20| 8.20

Mean._| 0.25 ] 0.42 | 0.18 | 0.41 | 0.50 | 0.36 | 0.35 | 0.08 | 0.02 | 0.00 | 0.16 | 0.48 | 3.16
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Record of precipttation at Yuma, Yuma County.
[Latitude 82° 44/, longitude 114° 36; elevation, 141 feet. Authority, Weather Bureau.]

Year. |Sept.| Oct. | Nov. gec. Jan. | Feb. | Mar. [Apr. |May. June.|July.| Aug.| Total.

1875-76...1[0.17])° T. } 0.00 | 0.00 | 0.44 } 0.46 | 0.04 | 0.00 | 0.00 | 0.00 | 0-68 | 0.06 | 1.11
1876-77...1 0.00 | 0.00 { 0.00 | 0.00 | 0.09 | 1.72 | 0.00 | 0.00 | 6.06:} 6.06 | 0.50 | 0.06 [ 2.43
1877-78...] T. [0.00|0.00 | 1.23 | 0.00 | 0.06 | 6.18| 0.0Z'| 0.00 | 0.00 | 0.55 { 1.50 | 3.58
1878-79...1 0.37 | 0.00 | .0.02 | 0.14 | 0.59. | 1.2} | (48 | 0.15-{ 0.00 | 0.00 | 0.00 | 0.00 | 2.96
1879-80...{ 0.11 /1 0.83 | 0.15 | 0.22} "F./ T.[000]| T.|0.00{000| T.| T. 0.86
1880-81...f T.} T.!0.00}0.74}0.00](0.00| T.|0.55]000) T. |0.200.08 1.57
1881-82...{ 0.05 | T.[0.00/0.10[1.35]0.01 0.00|0.00]0.00]005}02 003 179
1882-83... 0.04 | 0.01 [ 0.09 | 0.00 | 0.96 | 0.68 | T.| T.|0.00|0.000.31]0.22 2.81
- 1883-84...1 0.13 | 0.05 | 0.00 [[1.61}{ . T.|1.58 | 1.48 | 0.07 [0.44| T.|0.01|0.82 |  5.69
i884-85..., T.| T.| T.{196| T.[0.02| T.|0.07| T. 000|005 08| 2.9
1885-86...{ 0.00 | 0.00 { 1.71 { 0.01 | 1.06 | 0.08 | 0.33 { 0.81 | 0.00 { 0.00 { T.|2.23| 5.73
1886-87_../ 0.00 | 1.11 | 0.23 1 0.00 [ 0.00 | . T.  0.000.20| T. 0.¢1| T.| T. 1.55
1837-88.../ 1.09 { 0.02 | 2.43 1 0.18 | 0.18 | 0.05 [ 0.05 | T.|0.00|0.00|0.04| T. 4.01
1888-89...| 0.01 ; 0.99 | 0.68 | 0.95 | 1.12 | 0.06 | 0.24 | 0.00 | 0.00 | T. | T.|0.25| 4.30
1889-90...1 0.00 | 0.59 | T.|243| T.!0.86| T.!0.370.43,0.00/|0.00}0.67 5.35
1890-91. .| 0.64 |. .. | ... ... 0.00{258( T.!(000| T.|0.00{0.04}0.05]| ........
1891-92_..| T.|0.00|0.000.05)1.85)0.87 |0.52| T. 0.05]|000]|0.00|002| 3.3
1892-93...| 0.04 [ 0.00 | 0.00 | .T. | 'T. |[0.57]] 1.53 { 0.00 | 0.1 | 0.00 | 0.40 | 0.42 | = 3.27
1893-94.__1 0.80 | 0.00 | 0.80 | 0.1110.00{ T.|0.74]0.00] T.{0.00]0.36)|0.10| 191
1894-95...) 0.51 | 0.84 | 0.00 | 0.40 | 0.77 |- oo faemiec]immnac|ocaes JRRURER PR O R,

Mean..| 0.17 | 0.21 | 0.30 | 0.53 | 0.42 | 0.57 | 0.29 | 0.09 | 0.07 |...... 0.14|0.36| 3.15

Miscellaneous rainfall observations in Arizona, 1896.

1
Stations.g%lizﬁ" Jan. | Feb. | Mar. | Apr.| May.|June.|July. | Aug.|Sept.! Oct. | Nov.| Dec. | Total.

Buttes. 1,600 | 0.66 | 0.16 | 0.77 | 0.12 | 0.00 | 0.00 | 3.10 | 0.90 | 1.69 | 1.27 | 0.67 | 1.09 | 10.43

Pinal ..} 2,550 | o |eccecifoanaas 0.2010.00}0.00}2.13|119}0.90 8.2 [1.22|1.27 |........
Whit-
lows | 2,080 | ...l ... 0.00{0.06 |26V 158 1683816121091 . __....
Silver

King.| 3,650 | 2.25 | 0.35 | 0.00 | 0.10 | 0.00 | 0.00 | 4.74 | 8.03 | 2.73 | 3.66 | 3.40 | 0.90 | 21.16
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‘WIND.

The amount and violence of the wind movement is of considerable
importance in a climate such as that of Arizona, on account of its
-effect not only upon the vegetation but also to a certain degree upon the-
comfort of the inhabitants. A considerable amount of wind is not
-conly injurious to fruit trees, but, by continually keeping the dust in
motion in such an excessively dry country, renders outdoor life
extremely annoying to persons who from lung or throat troubles seek
refuge in an arid climate. Fortunately, as indicated by the records
and shown by common experience, the wind movement in the Salt and
Gila valleys is relatively small, so that the orchards are rarely injured
and the amount of dust in the air is not often noticeable. With every
advantage of this kind there may be a small loss, and in this case the
principal drawback is in the fact that windmills can not be used to as
great advantage in pumping water as out upon the Great Plains,
where the wind has a sweep found nowhere else and prevails through-
out the year.

‘Wind movements have been carefully recorded at anumber of places
within the Territory, the principal of these within or near the Gila
Basin being Fort Apache, Fort Grant, Phoenix, Prescott, and Yuma.
"The record at Phoenix from 1879 to 1881 gives an average hourly wind
movement of only 2.4 miles. This small amount is accounted for by
the fact that the anemometer was exposed only 19 feet above the
ground. As stated by the Chief of the Weather Bureau, in August,
1895, when the station was reestablished, the anemometer was placed
57 feet above the ground, giving considerable higher velocities, the
monthly averages being about 5 miles per hour, or more than twice
those previously obtained. The averages for Fort Apache were 6.4
‘miles per hour, for Fort Grant 6.8, for Prescott 6.9, and for Yuma 6.1,
-all of these being low in consideration of windmill efficiency.

The distribution of wind through the day is very clearly marked.
Beginning at about 10 o’clock in' the morning, the wind usually
increases from about 3 miles per hour up to from 8 to 12 miles . per
‘hour at 3 o’clock in the afternoon. At sundown it decreases, drop-
ping off rapidly until midnight, and slowly decreasing in force until
.about the middle of the forenoon of the next day. Thus, as a rule,
nearly all of the effective wind movement occurs within six hours in
the afternoon, or from about 1 or 2 o’clock until about sundown.
"The distribution of wind through the year is comparatively uniform,
‘the greatest amount being in the spring months, the strength decreas-
ing notably during September and October. By erecting tall wind-
mills in well-exposed localities it may be practicable to utilize these
10 a notable extent in pumping water for irrigation, but to attain
-success these must be proportioned to the prevailing strength of the
‘wind and to the work to be done. Even if these operate during only
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one-fourth of the day, it may be possible, by providing suitable small
.ponds or earthen tanks, to hold sufficient water for the irrigation of
gardens and a small area of forage plants.

PRODUCTS.

It need hardly be stated that on the deep alluvial soil of the valleys.
in such a climate as that described the growth of nearly all kinds of
vegetation is luxuriant if only sufficient water be applied. All warm
temperate and many semitropic products flourish here, and most of
them produce in an abundance indicated by the favorable climate.
The principal crops now grown are alfalfa, wheat, and barley, with:
more or less of peaches, grapes, apricots, oranges, and other frmts
and a variety of vegetables.

Gila Valley aspires to competition with California in the citrus fruit.
market, and a number of thriving orange groves indicate that in cer-
tain localities the climate and soil are favorable to success. Although
there have been many failures, mainly from frost, it should be remem--
bered that this has been the case in every citrus region at first, and
that even in California only occasional spots and strips are sufficiently
free from frost and other foes of the citrus family to be profitably
devoted to this branch of fruit culture. Past experience seems to
indicate that, as in California, there are exceptional thermal belts
sufficiently exempt from frost to permit profitable growth of oranges:
and lemons, but such belts can be located only by observation and
experience, and their discovery is often preceded by failures due to.
ignorance or disregard of the true conditions.

There are two respects in which Arizona seems to enjoy a decided
advantage over California in the production of citrus fruits: First, the

extreme heat and aridity of the climate are claimed to be unfavorable
to the development and spread of such enemies of citrus growth as.
the scale bug (Aspidiotus perniciosus) in its several varieties; second,
oranges, as well as some deciduous fruits, mature from two to four
weeks earlier than in most parts of California, and they thus secure the-
advantage of an early market, which is always the best. The lemons.
produced in this valley are beautiful in appearance, of large size, and
of excellent flavor. It would appear that this valley is under a dis-
advantage owing to the inconvenience or expense of curing lemons,
which process requires the steady maintenance of a low temperature.
The great distance from any sufficiently cool climate and the expense
of maintaining local refrigeration seem to stand in the way. Claims
are made that the Arizona product does not require curing as in other
lemon-growing regions, but this claim seems not yet to be well estab-
lished. Undoubtedly, however, though lemon culture will be som¢-
what more restricted than orange culture, it has come to stay. The
actual location and development of favorable localities along the lines
mentioned will be slow, but enough is known to guarantee the fact
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that if citrus culture continues as profitable as it has been in the past,
Arizona will some day be one of the important competitors for a share
of the citrus market.

This valley appears to be preeminently the home of the grape.
Table grapes of good quality and wine grapes yielding a very superior
product may be grown here in abundance, as already proved by
experience. Undoubtedly, also, the raisin industry will some day be
important, and the hot, dry summers are favorable to the production
of a superior article. In one respect, however, this valley is under a
disadvantage as compared with southern California, in that it is more
likely to receive sudden showers of rain during the curing season.

Claims are also made of the superiority of this region for such prod-
ucts as figs, prunes, almonds, pomegranates, olives, and even dates.
Undoubtedly figs and prunes can be successfully grown, and the experi-
ence obtained with almonds both in this and other localities seems to
justify the claims made regarding this product, but most of the other
fruits mentioned are still in the experimental stages. It is doubtful
if dates can be profitably grown except in some favored and well-
sheltered localities. Apples appear not to do well in a climate like
that of Arizona. KEven those varieties which can be abundantly
grown are inferior in quality and quickly decay. This fruit is better
adapted to a colder climate. The same appears to be true in a less
degree of pears. Most small fruits yield abundantly, and so far have
been very profitable.

The quantities of fruits and vegetables which have been exported
from Arizona are inconsiderable. On the contrary, large quantities
of some kinds are annually imported for consumption in the industries
of mining and grazing. These two interests are the main sources of
exportable products, and agriculture and horticulture, so far as devel-
oped, are devoted chiefly to satisfying their wants. Alfalfa may be
taken as the staple agricultural produect, and is largely utilized in the
fattening of cattle grown on the ranges of the adjacent mountains and
foothills. Large areas of this productive forage plant are used as
pasture, while others are utilized for maturing hay. Barley is largely
used as hay, and also furnishes the bulk of the grain fed to live stock
in the valley.

METHODS OF APPLYING WATER.

Alfalfa and the grains being the principal crops of this region, it
may readily be inferred that the usual method of applying water in
irrigation is by flooding the ground, since these products lend them-
selves to this method most readily. This system, as is well known, is
also susceptible of great wastefulness in its application, especially in
an ultra-arid climate, since it wets the whole surface of the ground
and gives full scope to evaporation, and is often followed by baking,
which favors the rise of underground waters to the surface to evaporate.

IRR 2——3
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In the irrigation of fruit trees and vines the furrow method is used,
which, when properly employed, is an excellent method. Pl VII
shows the ground properly prepared for the furrow method of irriga-
tion. The water is turned into each furrow at the upper edge of the
field in just sufficient quantity to run freely down the furrow without
erosion, and soaks gradually away downward and sidewise. Assoon
as it reaches the lower end of the furrow it is shut off at the upper
end; thus only a small percentage of the surface of the ground is wet,
and the water reaches the roots of the trees at some distance below
the surface. A light cultivator should follow irrigation, filling the
furrows with loose earth and leaving the surface of the ground level

Fia. 2.—Irrigation by ﬂoodin

and dry, so that the minimum of evaporation takes place and no sat-
urated surface is exposed to bake in the hot sun. Unfortunately,
however, the predominance of the flooding system seems to influence
irrigation by means of furrows, and the water is often so lavishly and
carelessly applied that the ground is almost flooded, and the water
stands in pools and furrows until the field becomes an absolute bog,
a condition which is not only most wasteful of water, but actually
injurious to the irrigated corps, by shutting off the ventilation of the
roots. It also interferes with cultivation, causes the ground to bake,
and allows the weeds to start. This is, however, by no means the
universal practice, and many of the irrigators are approaching more
and more nearly to ideal methods of irrigating. The ArizonaImprove-
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ment Company is setting an excellent example in this respect, as are
also some of the individual irrigators, and the neat appearance of the
orchards might profitably be emulated by many a city park.

WATER SUPPLY.

In comparison with the size of the Territory and the importance of
its water resources, the hydrographic data are very meager. Some
measurements of stream flow were made in 1889 and 1890 by the
United States Irrigation Survey at a point about 14 miles above Flor-
ence, on the Gila River, known as The Buttes. Gaugings at this point
were resumed in December, 1895, and are still being carried on, the
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F1a. 8.—Daily discharge of Salt River at Arizona dam, 1888-1891.

results being used also to estimate the discharge from gauge readings
and soundings taken during the fall of 1895 by private parties. Meas-
urements have also been made by the United States Government of
the discharge of Queen Creek, a small intermittent stream tributary
to the Gila River.

Approximate estimates of the discharge of Salt River were made
by Mr. Samuel Davidson from data obtained by the Arizona Cana-
Company at its dam a short distance below the Junctlon of the Salt .
and Verde rivers.

Measurements of discharge have been more recently made on Salt
and Verde rivers by the Hudson Reservoir and Canal Company. Sur-
face velocities were measured by means of floats, and eight-tenths of
the result thus obtained was assumed as the mean velocity, and mul-
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tiplied info the cross section determined by sounding, to obtain the
discharge, the sum of the discharges of both being adopted as the flow
of Salt River below the junction. The measurements were begun on
February 4, 1895, and were continued through the year without inter-
ruption except on the four days from October 4 to 7, inclusive, on
Verde River, which was during that time inacceessible. An estimate
for those four days has been made from the highest watermark found
at the gauge and from such other data as were available. Also, for the
month of January, one of the most important flood months of the year,
estimates have been prepared from the daily record taken at the Ari-
zona dam, about amile below the junction of the two rivers. Itappears
from all available data that Salt River furnishes a considerably larger
proportion of water than Verde River, and the assumption has been
made that 60 per cent of the January flow at the Arizona dam came
from Salt River above the Verde.
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The results of the computed discharges for each locality are given
in the following tables:

Estimated monthly discharge of Salt River at Arizona dam, Arizona.

[Drainage area, 12,260 square miles.]

Discharge. Run-off.
Total
Month Maxi- | Mini- monh. | | ger
mum. | mum. Mean. Depth. gglﬂa
1888 Second- | Second- | Second-| Acre- Second-
. JSeet feet. Jeet. feet. Inches. | feet.
350 | 21,52 0.03| 0.028
350 | 20,825 0.03| 0.028
331 | 20,856 0.08| 0.027
842 | 50,099 0.08 | 0.068
6,608 | 411,927 0.63| 0.545
5,947 | 365,740 0.56 | 0.48
3,940 | 1,584 | 2,605 | 144,577 0.22| 0.2
83,794 | 3,563 | 8,745 | 537,817 0.82| 0.71
5,559 2,496 8,975 | 236,512 0.36| 0.32
1,784 622 1,039 | 63,898 0.10| 0.08
el 356 470 27,965 0.04| 0.04
1,811 334 495 | 30,522 0.05| 0.04
755 389 4171 25,645 0.04] 0.08
1,172 389 521 | 81,000 0.05| 0.04
704 819 440 | 27,060 0.04| 0.0¢
629 532 576 | 34,272 0.05| 0.05
25,871 557 5,686 | 349,689 0.58| 0.46
15,750 1,876 4,982 | 306,393 0.47 | 0.40
143,288 1,045 10,097 | 560,383 0.86| 0.82
17,228 2,566 6,421 | 894,801 0.60 | 0.52
2,007 1,369 1,840 | 109,480 0.17| 0.15
1,369 630 914 56,211 0.09 0.08
672 397 511 | 30,404 0.05| 0.04
872 397 524 | 82,226 0.05| 0.04
7,734 1,114 3,885 | 238,927 0.87} 0.32
8,685 725 2,839 | 139,170 0.21] 0.19
7,465 753 2,768 | 160,232 0.25| 0.23
80, 504 766 4,717 | 280,661 0.43| 0.38
30,366 1,110 6,259 | 884,928 0.59 | 0.51
17,127 1,060 8,416 | 210,084 0.32| 0.28
300, 000 825 39,201 |2,175, 655 3.82 3.10
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Estimated discharge of Verde River above Salt River, Arizona.

[Drainage area, 6,000 square miles.]

[~o.2.

DEC.

el

Discharge. Run-off.
Total
Month, X for Per
mﬁ'_ ﬂ%‘ » Mean. | MORth | popeh squaro
1895, Second- | Second-| Second-| Acre- Second-
- Seet. feet. Jeet. Seet. Inches. | feet.
January ...._... 33,000 627 4,087 | 248,225 0.77 0.67
February ....... 5,800 583 1,688 | 93,747 0.29 0.28
March _......... 8,400 1,887 3,720 | 228,734 0.7 0.62
2,800 280 750 44,628 0.14 0.13
429 127 258 | 15,864 0.04] 0.04
180 129 153 9,104 0.03 0.03
215 116 145 8,916 0.02 0.02
1,426 185 359 22,074 0.07 0.06
348 141 176 10,473 0.03 0.03
8,912 197 475 29, 207 0.09 0.08
1,800 241 463 | 27,550 0.09 0.08
881 345 391 24,042 0.08 0.07 .
33,000 116 1,051 | 762,564 2.36 0.18
1896.
January ........ 354 314 324 19,923 0.08 0.05
352 218 154 8,852 0.03 0.08
338 258 276 | 16,971 0.08 0.05
237 206 220 13,090 0.04 0.04
206 138 172 | 10,576 0.03 n.03
137 101 117 6,962 0.02| 002
3,380 98 864 | 58,127 0.16 0.14
JAN ] FEB. IMARCH] APRIL| MAY | JUNE] JULY | AUC. SEPT. ] OCT. | NOV.
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F16. 4.—Daily discharge of Rio Verde above Salt River, 1895,
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Estimated discharge of Salt River above mouth of Verde River, Arizond.
[Drainage area, 6,260 qua,re miles.]
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Discharge. Run-off.
Total
Month. Maxi Mini fox;h Per
axi- - month.
mum. mum. Mean. Depth. | square
mile.
1895, Second- | Second- | Second - | Acre- Second-

. " Jeet. feet. Jeet. feet. Inches. Seet.

January -....... 49,796 91 5,133 | 852,508 1.06 0.92

February ....... 3,802 | . 914 1,445 80, 251 0.24 0.23

March ......__.. 3,340 1,819 1,829 | 112,461 0.83 0.29

April.ceoeoeee. 2,939 1,044 1,800 | 110,678 0.3 0.3

990 505 708 | 43,533 0.13 0.11

500 203 825 19,339 0.06 0.05

896 145 04| 12,543 0.03 0.08

August _____.._. 1,516 226 584 35, 909 0.10 0.09

September. ..... 684 201 320 | 19,577 0.06 | - 0.05

October ......... 13, 206 390 1,624 99, 856 . 0.80 0.26

November...... 9,620 380 1,876 81,878 0.25 0.22

December ...... 2,065 513 888 54,601 0.16 0.14

Total, year....| 49,796 145 1,408 |1,023,134 3.05 0.22

1896,

January ....... 613 400 0| 28,900 0.08| o.07

February 612 414 476 27,380 0.09 0.08

March ... 3,020 457 1,185 72,863 0.22 0.19

Aprilooooaeiii. 1,660 605 959 | 57,061 0.17 0.15

MaY. oo 621 835 446 27,424 0.08 0.07

June coo.oooooene 332 158 2241 18,328 0.04 0.04

July. oot 4,377 151 639 39,202 0.12 0.10
X ~MARCH TL | MAY | JUNE[ JULY | AUG: o BT A MG

o ] lo20! 1020 | 1020 | 1020 ':m 20f 1020} 3 ¥y gzo 10 20

Ll

F1a. 5 —Daily discharge of Salt River above Verde, 1885,
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The following table shows the discharge of Gila River for the season
of 1889-90, measured by the irrigation survey, and the results from
measurements still in progress for the season just closed:

Estimated discharge of Gila River at The Buttes, Arizona.

[Drainage area, 13,750 square miles.]

Discharge. . Run-off.
Total
Month. . for . Per
gﬁ‘ﬁ' gulﬁ' Mean, | Month. Depth. S?n%f‘e!:e
. 1889, Second- | Second-.| Second- | Acre- Second-
Jeet. Seet. feet. feet. Inches. Seet.
September._.._. 210 90 128 7,616 0.010 | 0.009
October_......__ 210 140 157 9, 655 0.013 0.011
November .__.._ 250 156 212 12,614 0.017 0.015 -
December ... 890 14 275 16,909 0.023 0. 020
1890. . '
January ........ 2,;100 310 680 41,812 0.056 0.049
1,514 405 578 32,100 0.043 0.042
710 300 387 23,795 0.032 0.028
333 1581 ¢ 238 14,161 0.019 | 0.017
150 35 87 5,350 0.007 0.006
35 27 28 1,666 0.002 0.002
8,112 11 130 7,995 0.010 | 0.009
6,330 1,115 3,137 | 192,888 0.263 0.228
Total, year_ .| ... oo |ocooiooiieaii i 866,561 |- |iieeaaas
1895. ‘
August ... 3,910 536 1,583 97,336 0.133 0.115
September_..... 2,880 300 812 | 48,317 0.065 | 0.059
October_...._... 12,000 400 1,577 96, 966 0.133 0.115
7,500 300 1,103 | 65,633 0.089 | - 0.080
1,150 | 518 751 41,627 0.056 0.049
560 250 396 24,349 0.032 0.028
340 L] 209 | 12,022 | 0.016 | 0.015
856 158 242 14,880 0.021 0.018
340 . 68 180 10,710 0.014 0.013
68 12 32 1,968 0.002 | 0.002.
> 1 5 208 | 0.0008 | 0.008
11,708 1 1,441 88,604 0.121 0.105
8,150 175 810 49, 805 0.068 0.059
September.__.... 2,850 455 980 | 58,814 | 0.079 0.071
October._.____.. 7,243 | 1,030 4,145 | 254,867 | - 0.347 0.301
November ...... 2,275 696 1,087 61,706 0.083 0.075
December.....__ 710 576 629 38,676 0.058 0.046

Total, 1896.. | = 11,708 1 842 | 616,201 0.839 0.062

In the above table the discharge for the period from August 1 to
December 10, 1895, is estimated from observations of mean depth and
width 'made by Mr. W. Richins, and can be considered only as arough



U. s. GEOLOGICAL SURVEY WATIIR-SUPPLY PAPER NO. 2 " PL. VIl

IRRIGATION BY FURROW METHOD.



pAvIs.] GILA BASIN. 41
JAN. ] FEB. IMARCH] APRIL | MAY | JUNE | JULY | AUG. ] SEPT.| OCT. | NOV. | DEC,
1020 | 102011020 | 1020 | 1020 | lo20 | 1020 | 1020 | Jo20 | 1020 | 1020} 1020
7,000
6,000
5,000 “
4,000 ‘T
3,000
2,000
1,000 ,\
—y_| ﬁ'
M L L b LM
Fia. 6.—Daily discharge of Gila River at The Buttes, 1889-1890.
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F1c. 7.—Daily discharge of Gila River at The Buttes, 1896.
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Estimated monthly discharge of Queen Creek, Whitlows, Arizona.

[Drainage area, 143 square miles.]

Discharge. Run-off.
. Total
Month. Maxi- | Mini- mggléh Per
mam. mum. Mean. * | Depth. s?;lxﬂa;
1896. Second- | Second- | Second- | Acre- Second-

Jfeet. JSeet. Seet. feet. Inches. | feet.
2 - 2.0 2.0 123 0.016 | 0.014
2 2.0 2.0 115 0.015 | 0.014
2 2.0 2.0 123 0.016 | 0.014
2 1.0 15 87 0.011 | 0.010
1 1.0 1.0 61 0.008 | 0.007
1 1.0 1.0 60 0.008 | 0.007
9,000 0.0 121.6 7,480 0.980 | 0.850
1,433 0.6 13.1 805 0.106 | 0.092
3,428 0.5 17.1 1,016 0.13¢ | 0.120
1,188 0.5 13.8 820 0.108 | 0.093
80 0.6 1.3 80 0.010 | 0.009
207 0.6 2.0 120 0.016 | 0.014
Total, year.. 9.000 0.0 15.0 {. 10,890 1.428 | 0.104

DUTY OF WATER.

The actual attained duty of water in Salt River Valley was approxi-
mately determined in the year 1895. According to figures furnished
by the Arizona Improvement Company, about 60.000 acres were irri-

7.000
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F1a. 8.—Daily discharge of Queen Creek.

gated on the north side of Salt River in that year. Of this, about
34,000 acres, or more than one-half, was in alfalfa; over one-fourth
was in grain, and the remaining portion, or about one-sixth, was
chiefly in fruit and garden or was occupied by streets and lots of
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the city of Pheenix. The total amount of water furnished for this.
area is stated to have been sufficient to cover the tract an average of
4.6 feet in depth. Mr. Samuel Davidson, who has given this matter
careful study, states that the average amount of water used upon an
acre of alfalfa is over 5 acre-feet; the amount for grain, which is of
short season, is 14 feet in depth, while fruits require somewhat more
than grain but less than alfalfa, probably an average of 3 feet in
depth. As much as 11 acre-feet of water has been applied in the
growing of alfalfa in this valley.

The duty of water, as indicated by past experience and present
usage, can be greatly increased. During the winter and early spring,
owing to melting of snow in the mountains, the river furnishes a
much larger volume of water than through the rest of the year. The
abundance of water at this time, together with the knowledge that it
will be scarce later in the season, induces the irrigators to apply it
very lavishly while they have it, and in this manner a great excess
reaches the land, standing in pools and furrows for a time, and large
quantities evaporating. Other quantities seep away to reappear in
the bed of the river, where, after the deduction of another large pro-
portion by evaporation, they are rediverted for irrigation by the
lower canals. The amount of this seepage was measured by Mr.
Cyrus C. Babb in June, 1896, and the results showed in one case an
increase of over 80 second-feet in a distance of 7 miles.

Another prolific source of waste of water is the large number of long
laterals required to reach the scattered tracts of irrigated land. ILess
than half the irrigable land below the Arizona Canal is actually cul-
tivated, and the utilization of some of the farms requires the construc-
tion of long laterals carrying small quantities of water, from which
the loss by seepage and evaporation is great. Judge Kibbey, in the
opinion hereafter quoted, states that the loss of water which is carried
in small ditches for the purpose of watering stock is alone sufficient
for the reclamation of 10,000 acres of land, if properly applied to
irrigation.

If all the irrigable lands under the canals were brought under cul-
tivation and water supplied to them in the most economical manner
practicable, irrigation carried on both night and day, and each irri-
gator allowed the use of a measured quantity of water for a eertain
number of hours,. unquestionably the duty of water could be greatly
increased. ﬁrobably it would ultimately be found that 2 acre-feet
per year would on the average be sufficient for an acre. The great
aridity of this climate will always necessitate the use of larger quan-
tities of water than would be necessary for the same results in a more
humid climate.

As shown on page 46, the Florence Canal takes from Gila River
nearly 10 acre-feet of water for each acre irrigated, but this can not
be considered in any sense indicative of the duty of water, as the
major portion is lost by seepage and evaporation.
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SILT AND ALKALI

Asg indicated by its name, Salt River carries a notable quantity of
mineral matter in solution. It becomes an interesting question, there-
fore, whether its use in irrigation will eventually lead to deteriora-
tion of the soil through the deposit of alkaline salts. Over most of
the valley no such injurious effects are noticeable. This may be due
partly to the excess of water applied, which, escaping to the subsoil,
carries the salts in solution and bears them away through the gravels
to the river bed; and accordingly it is found that where the fields are
underlain at a reasonable depth by beds of gravel no accumulation
of salts is noticeable, while in the vicinity of Tempe, where the sub-
soil is practically impervious, and where the ground water is near the
surface, considerable tracts of land are te be seen impregnated with
alkali, some of it to such an extent as to be of little use in its present
condition except for grazing. Inquiry among the inhabitants leads
to the conclusion that, although such alkaline indications were notice-
able before irrigation became extensive in this valley, these areas
have been greatly increased since that time, either from the rise of
alkali from the subsoil or from its deposit upon the land by the irri-
gating waters, for which adequate drainage was not provided. Some
tracts of land have even been abandoned from this cause.

It has been stated that a great excess of water is applied in this
valley for irrigation and that the progress of methods of economy and
the storage of surplus waters in the mountains will undoubtedly lead
to a much more sparing application. The question naturally arises,
therefore, whether, when the abundant leaching which is provided by
the seepage downward of the excess waters is discontinued, the fields
in the vieinity of Pheenix and Mesa will not become impregnated with
salts to an injurious extent. Any such fear seems to be entirely
unfounded. The whole valley, with the exception of the area in the
vicinity of Tempe above mentioned, seems to be so thoroughly under-
laid with coarse gravel that it will be entirely practicable at any time
to leach out the salts by the application of a large quantity of irrigat-
ing water for that purpose. At intervals of several years, also, there
occur heavy rainfalls in these valleys, which, from their sudden nature
and long intervals, can not be depended upon for assistance in agri-
culture, but which will always be of value for leaching the soil in the
manner above referred to.

MIDDLE GILA VALLEY.

There are several ditches built to divert water from the Gila River
in Pinal County, but they have all been practically abandoned
except the Florence Canal, on the south side, and the MeClellan and
Arthur ditches, on the north side of the river. This is due to the
shortage of water in recent years, caused probably by increased
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diversions in the upper part of the Gila Basin. The upper or Arthur
is a private ditch heading just below The Buttes, without diversion
works, and carries about 4 second-feet of water for a distamce of
about 6 miles, the loss in the sandy river bottom being great.

The McClellan diteh heads about 6 miles below the Arthur, and isa
private ditch with a capacity of 14 second-feet. Water is diverted by
means of a ‘‘burro” dam, which consists of a forked stick driven
into the river bed, inclined slightly up stream, supporting in itsforks
another stick with its end driven diagonally into the sand 6 or 8 feet
above. A series of these so-called “‘burros” are constructed across
the stream and support a mass of sticks and brush, which is finally
weighted down with rocks and sand. This character of dam is quite
common for small ditches in the West, and of course usually requires
renewal after the season of high water.

FLORENCE CANAL.

The Florence Canal heads about 3 miles below The Buttes, on the
south side of the river. The water is diverted by means of an arti-
ficial shoal of rock placed diagonally across the stream. The head-
gate of the canal is founded upon bed rock and is constructed of
wood. The grade of this canal is about 2 feet per mile. Near the
head it is 45 feet in width, and was originally constructed to carry
about 4 feet of water, but a shortage of water and financial difficul-
ties have led to the neglect of the banks constructed, so that at pres-
ent it is not practicable to run much more than 2 feet of water in the
canal. Observations of the flow of this canal have been carried on
during the year 1896, and are given in the table. \

About 20 miles below the head of the canal a reservoir is constructed
on the McClellan wash, as indicated on the map (Pl. XXX). This
reservoir is formed by an earthen embankment or dike more than 2
miles in length, with a maximum height of about 20 feet. The area
of the reservoir is in the neighborhood of 1,800 acres, and the average
depth probably 6 or 7 feet. This reservoir has proved to be of great
value in conserving the winter waters carried by the Florence Canal
when there is an abundance in the Gila River, and also the night dis-
charge of the canal throughout the season, to be used on the lower
extension of the canal, which flows westward from the reservoir.

In the absence of any other method of conserving the winter waters
such a reservoir is valuable, but as a permanent method of storing
the waters of this great stream it is inefficient and wasteful. It can
not receive any considerable portion of the great flood waves, as it
can receive only the capacity of the Florence Canal, which feeds it.
" But the chief objection to this method of storage is the great area in
proportion to depth which is exposed to the enormous evaporation of
this climate. At least three-fourths of the capacity of this reservoir
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lies within 8 feet of its surface. The annual evaporation in this cli-
mate is about 8 feet, so that at all times the loss from this source is a
very large proportion of the water impounded. As a methed of hold-
ing water from year to year it would be practically a failure.

The map (Pl. XXIX) shows the alignment of the Florence Canal, the
location of the reservoir, and the location and extent of the irrigated
lands. It will be seen that the irrigated lands are scattered, some
tracts of not more than 100 acres being situated at a distance of sev-
eral miles from the canal, with no other irrigated lands in the vicinity.
The laterals used to convey water from the canal to these lands are
wasteful of water in proportion to the amount utilized, as the amount
lost through seepage and evaporation from such small, long ditches is
enormous. The loss from this eause and from evaporation in the res-
ervoir accounts abundantly for the low duty of water in this valley.
As will be seen by the following table, the total discharge of the Flor-
ence Canal through the irrigating season of 1896 was about 64,444

acre-feet:
Discharge of Florence Canal, 1896.

. Discharge in second-feet. Total for

Month. month in
: i Maximum. Minimum,| Mean. |8cre-feet.
160 75 110 3,272

160 10 83 4,939

42 ¢ 23 1,414

160 0 4 2,521

24 27 187 8,4

262 117 162 9,640

2 0 175 | 10,761

212 168 191 | 11,365

2 160 194 | 11,02

27 0 12| 64,444

The area irrigated above the reservoir was 4,457 acres, and below
the reservoir 2,015 acres, making a total of 6,472 acres from which
crops were matured in 1896, and these were largely of the grains. It
will be seen, therefore, that nearly 10 acre-feet of water flows through
the Florence Canal for each acre irrigated, being sufficient, if actu-
ally upon the land, to cover it to a depth of mnearly 10 feet. The
statement of areas irrigated was furnished by Mr. A. T. Colton, who
was employed to measure them by the Florence Canal Company.

LOWER GILA VALLEY.

Under the term “ Lower Gila Valley” may be included that portion
of lowlands along Gila River beginning atthe mouth of Salt River and
extending to Yuma, a distance by the river, omitting minor bends, of
about 170 miles. = In altitudeitisthe lowest part of Arizona, the height
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of the Southern Pacific Railroad at the town of Gila Bend being given
as 737 feet, and of Yuma, at the mouth of Gila River, 40 feet. Both
of these towns are considerably above the level of the bottom lands.
In consequence of its low elevation the temperature is extremely high,
and were it not for the aridity of the climate the summer heat would
be almost unbearable. The landsalong the river are of great fertility,
and where watered produce abundant crops. The Southern Pacific
Railroad extends in a general way parallel to the river and from 2 to
10 miles away, except above Gila Bend, where the river describes a
great loop. The irrigating systems are, on the north side, the Buck-
eye and Monarch eanals, and on the south side of the river Rumberg’s
ditch, Gila Bend Canal, and Upper Gila or Palmer Canal. Farther
down, below Gila Bend, are a number of other systems, lying beyond
the limits of the area described in this paper.

BUCKEYE CANAL.

- The Buckeye Canal was begun in 1885, and water was first used in
1888. It heads on the north side of Gila River, about 4 miles below -
the junction of Salt River, and just below the mouth of the Agua Fria.
‘The ownership is divided into shares, each of these representing 80
miner’s inches. It is about 25 miles in length, and is built on a grade
of 2 feet to the mile. At the head it is 19 feet wide, and has a depth
of about 3 feet, and a capacity of about 75 cubic feet per second. It
has 22 small laterals, and the main canal of course decreases in size
as the laterals are taken out.

GILA BEND CANAL.,

The dam of the Gila Bend Reservoir and Irrigation Company (P1.IX)
is located about 40 miles southwesterly from Pheenix and 25 miles
north of the Gila Bend Station, on the Southern Pacific Railroad. It
is nearly 2,400 feet long, and as originally planned was to be an over-
flow weir built of timbered cribs loaded with rock and anchored to
piles driven in the bed of theriver. After the completion of about 600
feet of the east end the expense involved induced the company to alter
the plans and to build the remaining portion of loose rock, the part
already constructed being intended as a waste weir, and the rock por-
tion was built about 6 feet higher (Pl. X). The top width of the rock
portion was about 18 feet, and the side slopes 13 to 1. From the first,
serious doubtsof the stability of the dam were entertained by those com-
petentto judge. It was generally conceded that the first water which
overtopped the loose rock portion of the dam would wash it out. In
view of this fact, and the published records of the discharge of the
river showing floods approximating 300,000 cubic feet per second, it
is a matter of surprise that the capacity of the waste weir was left at
only about 30,000 cubic feet per second.

The first indication of a failure was in January, 1893, when a slight
rise in the river caused the loose rock portion of the dam to settle
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several feet. This portion was raised to its original height, and the
dam was declared completed, at a cost of nearly $200,000. In March
of the same year a heavy flood washed out 500 feet of the dam near
the center. This breach was repaired, and in October of the same
year, when the river rose again, 400 feet at the west end of the dam
went out. - It was now decided to make the dam a waste weir extend-
ing entirely across the river, and plans were drawn up and operations
begun accordingly. The original wooden portion of the dam was
thoroughly overhauled and all warped or defective timbers were taken
out and replaced by new ones, and the crest of the weir was raised 24
feet. In the portion built originally of loose rock several rows of
piling were driven from 13 to 18 feet into the bed of the river. They
were cut off and framed over with heavy 10-inch by 12-inch timbers.
The crest of the new portion stood 24 feet above the raised crest of the
old weir. The new design also called for sheet piling above and below
the dam for its entire length and a row of detached ecribs below the
aprons on the lower side. In January, 1895, before the new work was
completed, another freshet ran about 8 feet deep over the entire length
of the dam, discharging nearly 180,000 cubic feet per second, and
washing out the uncompleted portion of the dam for about 400 feet
from the west end, which has not been replaced. The property of
this company is in litigation, and further repairs and development
must await settlement of legal questions.

The canal was begun in May, 1892, and completed the following
year. Its total length is 38 miles, with varying bottom widths, gradi-
ents, and depths, as shown in the following table:

Dimensions of the Gila Bend Canal.

Length. %ﬁd&?gs I:g%:}x;m Depth.
Miles. Feet, Feet. Feet.
3 0.5 30 10
54 0.5 25 10
6 0.5 24 10
6 0.5 23 10
6 0.5 | 22 10
7 0.6 20 10
4 0.7 15 93
3 0.8 ‘ 10 9

The side slopes were 1:1 in cut and 14:1 in fill. The level section
of the .ca.n'al was a cut of 44 feet, with embankments of 54 feet on
either side, with berms of 24 feet. Nine flumes, aggregating 424 feet
in length, were substantially built of wood. Twenty-one single and
2 double culverts, consisting of 24-inch cement pipe and aggregating
2,705 feet, were inserted. About 75 miles of laterals have been con-
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structed. The head-gates are large iron structures between massive
masonry abutments and wing walls. (See Pl. X1.) The head-gate
and canal may be taken as one of the best and most substantial works
of the kind yet constructed. The entire project is reported to have
cost about $1,000,000.

About 10 miles below the Gila Bend Reservoir and Irrigation Com-
pany’s dam the lower Gila Bend Canal heads, on the same side of
the river, and covers a narrow strip of land about 15 miles in-length.
It is 11 feet wide, and is said to have cost about $25,000. It was first
used in 1885. Water is diverted by means of a temporary dam of
brush and stone, which is renewed when required. It is a coopera~
tive concern, owned by the irrigators in the form of 36 shares; each
entitling the holder to a proportionate part of the water.

SALT RIVER VALLEY.

As previougly defined, Salt River Valley is taken as including the
lands adjacent to Salt River extending from the mouth of its principal
tributary, the Verde, down to the point where Salt River empties into
Gila River, a distanee in a direet:line of about 40 miles. The fall of
the river between these peints is so greaf that water can be readily
diverted af almost any part of the river’s course and carried diago-
nally away frem the stream, eovering in the course of a few miles a
considerable extent of country. Asshown by the map (Pl XXX),
canals have been constructed heading at short intervals from near the
upper end of the valley down along its whole course. The prinecipal
of these canals are shown in the following list, which gives also the
approximate lemgth and the year when first used. These canals have
an aggregate of nearly 600 miles of lateral ditches.

Principal canals of Salt River Valley.

Name. Length. thsegrst

NORTH SIDE. Miles.
Arizoma. ... .. ___.._ 47 1885
Grand ..o 2 1878
Maricopa ... oo .. 26 1888,
Salt River Valley.._ ... _._.._..__. 19 1868
Farmers’ ... L T T
St.Jobhns.._ .. ... ... - 12 e nmea

SOUTH SIDE
Highland _.. . ... ... ____....... 22 1889
Consolidated _. ... . ___._._.___. 40 1894
Ol Mesa. i, 10 1878 |
Utah .. 20 1877
Tempe -« oo oo e 30 1871
San Francisco. ... ... _.__...._._. 6 1871

IRR 2——4
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The following description gives the principal facts obtainable con-
cerning these canals, the descriptions being arranged in geographic
order, first those on the north side and then those on the south.

ARIZONA AND OTHER NORTH-SIDE CANALS.

The Arizona Canal, constructed in the years 1883 and 1884, heads
highest on the river and has the only permanent dam. This dam, or
weir, is located about 1 mile below the mouth of the Verde, and
extends diagonally across the river in a northeasterly direction from
a rock projecting into the stream from the right bank to a rock on
the left bank. At the time of its construction the river channel was
against the right bank, and on the left side a gravel bar sloping from
the channel to the bank extended to a depth of 8 or 10 feet. = This bar
was excavated to the surface of low water for a width of 60 feet, and
the dam was begun with mudsills 8 inches by 10 inches by 48 feet,
laid parallel with the stream at intervals of 10 feet. Upon the
upstream half of these sills is built a continuous crib with cross-ties
every 10 feet, into which the rails are gained, a space of 4 inches
being left between the rails, which are fastened with 12-inch drift
bolts three-fourths inch in diameter. The front and back sides of
the crib have a batter of one-fourth to one, and are covered with
2-inch plank with 6-inch sheet piling drifting at its back. The rail
is laid lengthwise on mudsills in the center of the crib, and constitutes
the only floor of the crib, which is filled with bowlders.

The crest of the dam for a distance of 416 feet on the left bank is
10 feet above low water and is covered with 3-inch plank, spiked to
the rails and braced and propped from cross-ties below, and having a
slope of 3 feet upstream. Rails are laid upon the mudsills project-
ing 24 feet downstream, 4 feet apart, and covered with 3-inch plank
for apron, and sheet piling 3 inches thick and 18 feet in length driven
at lower edge of apron. Below the apron the gravel was excavated
and cribs put in 4 feet deep and 12 feet wide, of various lengths from
10 to 24 feet, with double rods to bind corners. These cribs were
filled with rock and covered with 3-inch plank. The portion of the
dam just desecribed is still standing. The part built across the channel
was constructed similarly, and went out in the great flood of 1891 and
was replaced by a more substantial structure, having the overfall
. broken into a series of steps, and the 5-foot sections of dam bound
together with 1j-inch iron rods from top to bottom. Sheet piling was
driven at both the heel and toe of the renewed portion. The current
strikes the crest of the dam at an angle of about 12°. Between the
southwest end of the dam and the canal head-gates a wasteway was
blasted out of the rock 36 feet in length, and prepared to receive
slash boards, which can be easily removed when necessary to draw off
the water from the back of the dam during low water for repairs.
The total distance at high water over the dam wasteway and rock on
level with dam is 1,000 feet.
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The head works of the canal are in solid rock, with masonry abut-
ments and wing walls and wooden gates. The bottom width of the
canal is 36 feet at the head, and becomes narrower toward the lower
end. The estimated capacity is 1,000 cubic feet per second. For the
first 3 or 4 miles there is considerable heavy construction, the country
being somewhat rough, and the material to be moved consisting
largely of gravel, with some solid rock. The canal was first used in
1885. It is 47 miles long, and cost $600,000.

Grand Canal,heading about 24 miles above the consolidated head of
the Salt River Valley and Maricopa canals, was constructed in 1878.
The capacity of this canal is 215 second-feet. It has been absorbed
by the Arizona Canal Company, its head works have been abandoned,
and it receives water from the Arizona Canal through what is called
the Crosscut Canal. This latter was constructed in 1889, partly for
the purpose of economizing the water to.which the Grand Canal is
entitled by carrying it through the Arizona Canal instead of through
the sandy bed of the river, and partly to utilize for power purposes
the fall between the Arizona and Grand canals. Itscapacity is about
375 second-feet, and it supplies water for the Grand Canal, and at
times during low water for the Salt River Valley and Maricopa canals.

The oldest diversion from Salt River for irrigation purposes is the
Salt River Valley Canal, constructed in 1867 by Jack Swilling and his
associates, and called originally the Swilling Ditch. 1Itis on the north
side of the river, about 5 miles east of Phenix. Some time after its
construction another canal or branch was taken from it,at a point
about 3 miles below its head, which became known as the Maricopa
Canal. These two canals with a common head are sometimes called
the Consolidated Canals. The diversion is by means of an artificial
shoal formed of rocks and brush through wooden head-gates, with
solid masonry abutments and wing walls. The capacity of Salt River
Valley and Maricopa canals jointly is about 275 second-feet. Both
canals are now controlled by the Arizona Canal Company.

‘SOUTH-SIDE CANALS.

The Highland Canal was built early in 1889. It takes water on the
south side of the river,about 2 miles below the head of the Arizona
Canal, and has a capacity of about 100 cubic feet per second.

The Mesa City Canal was begun in 1879 by the Mesa Canal Com-
pany, a corporation composed of the owners of the land to be watered
by the canal. It emerges from the river on the south side, about 24
miles above the head of the Utah Canal, being above the head of all
the canals and ditches previously constructed. It supplies water to
Mesa City and adjoining country, and has a capacity of about 175
second-feet. Its alignment for a considerable distance is said to have
followed the line of one of the prehistoric. canals of this valley. One
share of stock in this canal represents a maximum of 174 miner’s
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inches, or a little over two-fifths of a cubic foot per second. The
water represented by a share supplies about 40 acres of land and is
valued at present at about $250. The annual charge per share is $14.
Considerable expense and annoyance was experienced for many years
from the insecure head works of this canal, the farmers frequently
being obliged to quit work in the busy season to restore their supply
of irrigating water. Finally, in 1893, the Consolidated Canal Com-
pany was formed, which entered into a contract to build new head
works and to deliver a specific quantity of water for a consider-
ation at a designated point on the Mesa Canal for the use of the
owners of that canal. This company built a shoal of large bowlders
across the river, which withstands the floods of the river, but it
gradually settled, at first into the sand and gravel of the river
bed. As settlement proceeded it has been bnilt up and constitutes
a very fair means of diversion. At the south end of this shoal are
built massive granite masenry abutments and wing walls, between
which the canal flows through wooden gates directly into the mesa
of bowlders and hardpan, through which it is constructed in a
deep cut for a distance of over 2 miles, the maximum cut being
about 26 feet. This heavy construction was performed by a huge
dredge with a dipper capacity of 2 cubie yards of earth and hav-
ing a lift of 26 feet. At the end of these 2 miles the Conselidated
Canal follows for some distance the alignment of the Mesa Canal
until it reaches a point about 3 miles northeast of Mesa City, which
is designated as the point of delivery of the specific quantity of
water for the irrigators under the Mesa Canal. At this point the
water for the Mess Canal Company is discharged into their old canal,
and two branches are constructed by the Consolidated Canal Com-
pany, one starting southeast for irrigating purposes, and one running
due west for about 2 miles until it.reaches the edge of the mesa, just
above the Tempe Canal, where a large power plant is constructed for
electric lighting and power. purposes, using the irrigating water to
which the Tempe Canal is entitled and discharging it from the wheels
into the Tempe Canal about 14 miles below its head. For some time
the right to use the irrigating waters of the Tempe Canal was ques-
tioned, but this matter is now said to be adjusted. The eastern
branch fof the Consolidated Canal above mentioned is construeted, on
a light-grade line, in a general southerly direetion, to the boundary of
the Gila River Indian Reservation. By carrying the water of the
Tempe Canal through the Consolidated Canal instead of through the
sandy river bed, a considerable loss by evaporation is prevented, and
the water available for irrigation is thereby increased. In this man-
ner the Consolidated Canal obtains a right to some irrigation waters.

The Utah Canal was constructed in 1877 on the south side of the
river, heading about 5 miles above the head of the Tempe Canal. It
was constructed and is operated by the owners and occupants of the.
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lands which are irrigated by its waters, and the association is unin-
corporated, the water rights being represented by certificates which
are transferable. Its capacity is about 175 second-feet.

In 1870 a ditch was constructed on the south side of the river,

. known as the Tempe Irrigating Canal. It heads about 7 miles above
the Salt River Valley Canal, and was carrying in June, 1896, about
114 cubie feet of water per second. This is a community ditch, the
property of the owners of the land irrigated from it, the shareholders
being unincorporated. The canal has a carrying capacity of 337
cubic feet of water per second.

The San Francisco Canal, known also as the Wormser Canal, was
constructed on the south side of the river in 1875. It heads a short
distance below the town of Tempe, and has a capacity of about 52
second-feet.

Mr. C. T. Hayden, a shareholder of the Tempe Canal Company, in
the year 1874 erected a flouring mill at Tempe, and by an arrange-
ment with the other shareholders obtained a supply of 274 cubic feet
of water per second to run his mill.

AREA IRRIGATED.

It is extremely difficult to obtain reliable figures concerning the
area irrigated in any locality. This is true in the Salt River Valley
as elsewhere, and is due not only to the fact that farmers as a rule do
not keep records of the results of their labors, but also because of the
many influences tending toward exaggeration of statements. It is
usually to the interest of the farmer as well as the canal owner to
claim that a large area is irrigated, so that in case of subsequent eon-
troversies over water rights his title to the use of water may be sup-
ported. The matter of definition also, as to what may be considered
as irrigated, introduces complications. In order to secure title under
the desert act, claims are made and proofs submitted that hundreds
of acrés are irrigated, although as a matter of fact this irrigation is
of the most nominal character, and to the eye the land has received
no apparent benefit.

A systematic attempt was made by the Eleventh Census to obtain
an exact statement as to the amount of land actually irrigated and
cropped in the census year 1889. A farm-to-farm enumeration was
made for the purpose of obtaining the area of land in each farm, the
amount improved, cultivated, and irrigated, the area and quantity of
crops, and many other details. It was found during this census that
claims were frequently made that 160 acres were irrigated, when the
crops aggregated only about 30 or 40 acres. Examination revealed
that as a rule the amount claimed asirrigated represented the amount
of land under ditch and to which water might perhaps be taken,
while actually, either from deficieney of water or other cause, success-
ful irrigation was conducted only upon the smaller area.
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The total area irrigated in Arizona and from which crops were
obtained during the season of 1889, according to the Eleventh Census,
was only 65,821 acres, the greater part of this being in barley, alfalfa,
and other forage crops. - Of this amount, the area irrigated in Mari-
copa County was found to be 35,212 acres. A large portion of this
was on the south side of Salt River. For comparison, and to illustrate
the difference obtained by estimates based upon the claims of canal
owners and farmers, it is stated that on the north side of Salt River,
in Maricopa County, there were irrigated in 1889, under the Arizona
Canal, 56,000 acres. This amount, or 350 quarter sections, is the
quantity given in the decision noted later on page 61. The area
given as irrigated from the Arizona Canal system in 1895 was about
60,000 acres. The discrepancy between the census figures and the
amount adjudicated may be due to a number of causes, but is prob-
ably accounted for largely by the fact that many of the tracts to which
water rights were adjudicated were cultivated only in part, and did
not yield crops of sufficient size to be reported by the owners or enu-
merators. Many of the tracts formerly claimed as irrigated have since
the acquisition of title been left uncultivated. Itis suggestive to note
in this connection that the adjudicated rights of some of the older
canals aggregate more than their entire capacity.

The first irrigation under the Arizona Canal occurred in 1885. The
decision handed down by Judge Kibbey (page 61) adjudicated rights
for the year 1884 aggregating 82,600 acres. On the basis of the duty
of water assumed by the court—100 acres per second-foot—it would
require for the satisfaction of these rights a flow of 826 cubic feet per
second. By reference to the table of discharges of Salt River at
Arizona dam, on page 37, it is seen that the mean flow for the month
of July in 1889 was 495 second-feet, and for the same month in 1890 it
was 524 second-feet. The flow for the month of June, which it would
be safe to assume as available for irrigation, would be not more than
500 cubic feet per second, whereas in the year 1884, as just shown,
before the Arizona Canal was brought into use, 826 second-feet were
required to satisfy the legal rights existing in the valley. But crops
of grain can be matured in this valley by the growth in the winter and
spring, and large areas are undoubtedly matured every year before
the 1st of June. The minimum flow for the month of May, however,
is given as 622 second-feet in 1889, and as 630 second-feet in 1890,
while the mean for the entire month in 1890 is 914 second-feet.

The two minima given would seem to indicate that a shortage was
imminent even in the month of May in 1884, if the rights as adjudi-
cated were all claimed. If this was the case in 1884, what can be said
of 1889, when instead of 82,600 acres claiming water there have been
adjudicated rights amounting to 151,360 acres? The areas that have
been irrigated sinee 1889 under the Arizona Canal system have prob-
ably been increased, so that the total area using or claiming water
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from Salt River is double what it was in 1884, and consequently more
than double the capacity of the river to supply in ordinary years, and
still more beyond its capacity in dry years. But the condition of
irrigation in Salt River Valley is not as bad as these figures would
seem to imply. As above indicated, the adjudicated rights are prob-
ably greater than the areas aetually irrigated in the years given, and
cultivation has been discontinued on some of the tracts formerly
irrigated. There is considerable competition for water among irri-
gators during the dry months, and this has been one cause of the
abandonment of areas formerly cultivated.

ADJUDICATION OF WATER RIGHTS.

It will readily be seen by the foregoing that the various canals and
ditches taking water from Salt River have an aggregate capacity
much larger than the low-water flow of the river, which is in the
neighborhood of 300 cubic feet per second, and the irrigable land
under these canals is proportionately in excess of the Water supply
in the dry season.

These facts led to the institution of a suit before Judge Joseph H.
Kibbey to determine the rights of the various proprietors, the trial
of which was begun in March, 1890, and concluded in August of that
year. The amount of evidence taken in the case is very voluminous,
consisting of 6,000 pages of typewritten matter. The argument of
the case was heard in February, 1891, and occupied fifteen days.
Many interesting principles of the law relating to water rights were
enunciated in this decision, relating to the method of acquiring water
rights and the rights of the community concerning the reasonable use
as opposed to the waste of water. This decision was pubhshed but
the pamphlet is now ‘out of print, and a portion of the decision is here
reprinted on account of its value and interest in connection with this
subject.

JUDGE KIBBEY’S DECISION.

In 1848, and from that time until 1863, that part of the Territory of Arizona
within which is the Salt River Valley was a part of the Territory of New Mexico,
and there were expressly enacted by that Territory laws governing the appropria-
tion and use of water for irrigation. In 1863 part of the then Territory of New
Mexico was erected into a temporary government by the name of the Territory of
Arizona, and the laws of New Mexico were, by the acts of Congress establishing
the Territory of Arizona, made applicable to that Territory.

In 1864 the First legislative assembly of the Territory convened and enacted the
code of laws commonly known and cited as the Howell Code. By article 22 of an
act of that legislature, known and designated as the ¢ Bill of Rights,” it was pro-
vided that ¢all streams, lakes, and ponds of water capable of being used for the
purposes of mnavigation or irrigation are hereby declared to be public property,
and no individual or corporation shall have the right to appropriate them exclu-
sively to their own private use, except under such equitable regulations and
restrictions as the legislature shall provide for that purpose.” This act went info
force on the 1st day of January, 1865. This provision has been incorporated in
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the successive revigions of our code, and is still a part of our statutory law, At
the same session of the legislature, and by a law taking effect at the same time, an
act governing acequias and irrigating canals was adopted.

Section 1 of that act provides that ‘*all rivers, creeks, and streams of running
water in the Territory of Arizona are hereby declared to be public and applicable
to purposes of irrigation and mining,” as afterwards provided.

Section 2 saves all vested rights.

Section 3 provides that ‘“all the inhabitants of this Territory who own or pos-
sess arable or irrigable lands shall have the right to construet public or private
acequias and obtain the necessary water for the same from any convenient river,
creek, or stream of running water.”

Section 4 provides for the assessment of damages resulting from the construction
of ditches across private property of individuals.

Section 5 provides that no inhabitant of this Territory shall have the right to
erect any dam, or build a mill, or place any machinery, or open any sluice, or
make any dike, except such as are used for mining purposes or the reduction of
metals, as provided for in sections 6 and 7 in the act, that may impede or obstruct
the irrigation of any lands or fields, as the right to irrigate the fields and arable
lands shall be preferable to all others, and the justices of the peace of their respec-
tive precincts shall hear and determine the guestion relative to all such obstruc-
tions in a summary manner and cause the removal of the same by order directed
to a constable of the precinet or sheriff of the county, who shall proceed to execute
the same without delay.

Section 7 directs that when any ditch or acequia shall be taken out for agricul-
tural purposes the person or persons so taking out such ditch or acequia shall
have the exclusive right to the water, or so much thereof as shall be necessary for
the said purposes, and if at any time the water so required shall be taken for min-
ing operationis‘the person or persous owning said water shall be entitled to dam-
ages, to be assessed in the manner provided in section 6.

Section 8 prohibits the construction or maintenance of bypaths and footpaths
across cultivated fields.

Section 9 provides that all owners and proprietors of arable and irrigable lands
bordering on, or irrigable by, any public acequia shall labor on such public ace-
quia, whether such owners or proprietors cultivate theland or not.

Section 10 provides that persons interested in a public aceguia, whether owners
or lessees of land, shall labor thereon in proportion to the amount of land owned
or held by them which may be irrigated by the ditch.

Section 11 provides that animals shall be herded to prevent trespass upon culti-
vated flelds.

Section 12 provides that in case a community-desire to construet an acequia and
the persons desiring to construct the same are the owners or proprietors of the
land upon which they design to construct the acequia, no one shall be bound to
pay damages forthe land taken.

Section 13 provides for the election of overseers of public acequias.

Section 14 prescribes the manner of the election of overseers.

Bection 15 provides for payment for services of the overseers.

Section 16 preseribes the duty of the overseers, of which, among others, is enu-
merated the duty to distribute and apportion the water in proportion to the quantity
to which each one is entitled according to the land cultivated by him, and that
in making such apportionment he shall take into consideration the nature of the
seed sown or planted and the crops and the plants cultivated.

Section 17 provides that ‘‘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 their lands either by them-
selves or their grantors. The oldest titles shall have precedence always.”
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Section 18 provides for the contribution of labors by irrigators to the mainte-
nance of the acequia.

Section 19 prescribes penalties for malfeasance or nonfea,sance of the overseer in
discharging his duties, and provides for his removal in certain events.

Section 20 provides for the filling of the vacancy occasioned by the removal of
the overseer.

Section 21 imposes a penalty upon the owner or proprietor of land irrigated by
an acequia for neglect or refusal to furnish the number of laborers required by
the overseer for the maintenance and repair of the acequia.

Section 22 prescribes the penalties against any person who shall in any manner
interfere with, impede, or obstruct any such acequia or use the water from it
without the consent of the overseer.

Section 23 provides that the fines and forfeitures recoverad under the provisions
of the act shall be applied by the overseers to the improvement, excavation, and
repair of the acequia, and for the construction of bridges at pomts where they
may be crossed by public streets or roads.

Section 24 provides for the appeal from judgment of conviction under any of
the provisions of the act.

Section 25. ¢ The regulation of acequias which have been worked according to
the laws and customs of Sonora and the usages of the people of Arizona shall
remain as they were made and used up to this day, and the provisions of this
chapter shall be enforced and observed from the day of its publication.”

Section 26 provides that plants and trees growing on the banks of any acequias
shall belong to the owners of the land through which the acequia runs.

Section 27 provides that any person owning lands which may include a spring or
stream of running water, or owning lands upon a river where there is not popula-
tion sufficient to form a public acequia, may construct a private acequia for his
own uses, subject to his own regulations, provided he does not interfere with the
rights of others,

In the year 1868 the National Congress enacted a law for the disposal of its lands
containing valuable minerals, and among the provisions of that act, with some
subsequent slight verbal changes not affecting the substance or meaning, is the
following (sec. 2339, Revised Statutes of the United States):

‘“Whenever by priority of possession rights to the use of water for mineral, for
mining, agricultural, manunfacturing, or other purposes, have vested and accrued,
and the same are recognized and acknowledged by the local customs, laws, and
decisions of courts, the possessors and owners of such vested rights shall be main-
tained and protected in the same, and the right of way for the comstruction of
ditches and canals for the purposes herein specified is acknowledged and confirmed;
but whenever any person, in the construction of a ditch or canal, injures or dam-
ages the possesgion of any settler upon the public land, the party committing such
injury or damage shall be liable to the party injured for such injury or damage.”

Section 2340 provides ‘‘that all patents granted, or preemption or homestead
allowed, shall be subject to any vested or accrued water rights, or rights to ditches
or reservoir used in connection with such water rights, as may have been acquired
under or recognized by the preceding section.”

This provision of the act of Congress has been held by the Supreme Court of
the United States, and of some of the States, not only to confirm rights that
have been initiated or had vested prior to the passage of the aoct, but that it was
continuous in its operation and was the license of the Government to persons to
hereafter appropriate water on the public domain for agricultural, mming, man-
ufacturing, or other purposes. (98 U, 8., 453; 13 Oregon, 596.)

On the 3d of March, 1877, there went into effect an act of Congress providing
that any citizen of the United States, or any who had declared his intention to
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become such, upon the payment of 25 cents per acre, may file a declaration, with
the register and receiver of the land district in which any desert land is situated,
of his intent to reclaim a tract of land not exceeding one section, by conducting
water thereon within the period of three years thereafter. It provides that the
right to the use of the water by the person so conducting the same on or-to any
tract of desert land of 640 acres ‘‘shall depend upon bona fide prior appropriation,
and such rights shall not exceed the amount of water actually appropriated and
necessarily used for the purposes of irrigation and reclamation,and all serpins
water over:and aboeve sachactnal appropriation sl -nee, desefiwer-afith $hewwater
of all lakes; rivers, and ofhersomrces :of water supply upon -the public lands and
not navigable, shall remain and be held free for the appropriation and use of the
public for irrigation, mining, and manufacturing purposes. subject to existing
rights.”

By an act of the legislative assembly of the Territory of Arizona approved
February 19, 1877, all the laws of the Territory then in force were directed to be
recompiled, which was done; and the compilation is known and cited as the
‘Compiled laws of 1877,” among which are the Biil of Rights and the various
provisions governing the construction of private and public acequias and the
appropriation and use of water for irrigation that we have above quoted from
the Howell Code. The same laws have been carried forward into the revision of
1887. 1In 1887 the acequia law was not reenacted, but not having been repealed, it
is still in force, and the editors of the revision of 1887 have incorporated it in that
revision. (Sects. 3199-3226, R. S., 1887, Arizona.)

In 1887 the legislative assembly enacted a law providing that the common-law
doctrine of riparian rights shall not obtain or be of any force or effect in this Ter-
ritory. (Sec. 8198, R. S., 1887. Arizona.) i

* * * * * * *
REASONABLE USE OF WATER.

Incident to the right of the inhabitants of this Territory to appropriate water for
irrigation or other uses is the restriction that the means of diversion shall be
reasonably adapted to the purpose, to the end that the water that is made free to
the public shall not be diminished beyond the quantity sufficient to supply the
actual needs of the appropriator; that the means of application of the water to
the purposes for which it is appropriated shall be of a character to insure as small
a consumption of water as is reasonably consistent to the accomplishment of that
purpose. No man has a right to waste a drop of water. Any excess of water that
he diverts and wastes by carelessness, negligerice, or ignorance of economic meth-
ods of cultivation or irrigation, or failure to adopt them, he unlawfully diverts.

It appears from the evidence in this case that large quantities of water are
allowed to flow in the various canals and ditches to supply stock with water.
This necessarily involves a great waste of water. At a small estimate, I should
think the evidence discloses an amount of water wasted thus sufficient, if properly
applied to irrigation, to make productive 10,000 acres of land. The amount of
water actually consumed by the stock is insignificant. The loss is that due to
evaporation and seepage in its long passage through the various canals and the
miles of subsidiary ditches. This seems to me to be an unreasonable use of water.
I do not mean to deny the right to the use of water for stock, for it has always
been a recognized use, like that for domestic purposes. But it can not, I think,
be diverted from its original course for that purpose. It has always been the law
that stock and the public could drink from a water course, but not to impede its
flow or diminish its quantity for that purpose. Instead, I consider the law to be, of
bringing the water diverted from a natural water course a long distance by means
necessarily involving an enormous proportionate waste to water stock, the stock
must be taken to the natural water course to drink, or otherwise provided for.
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_ :If the water be in the ditches on a man’s ranch in the course of application
§ ‘ﬁrmga.tlon, it might be permitted to allow stock to drink of it; but it
lermeof it to permit water to be in the ditches for that purpose

is an WnHs
alone,

Another matter For ‘cur cousideriition in this connection is the right of the
appropriator of water to the excltsive posspssion, maintenance, operation, and the
use of the conduit, as he has prepared it, for the diversion of the water, whether
or not, having constructed such a conduit, he thereby has theright to nve the
water flow in the river to that conduit and thence to the point where hedesires
to use it, or whether his right is limited to the actual delivery of water to his
lands, with or without increased expense to himself, whether it be by means there-
for provided by himself or by means provided by some one elgse. To illustrate: If
those who operate the Highland Canal should divert from the river the water to
which the consumers under the Tempe, the Mesa, the Utah, and the San Fran-
cisco are entitled, and yet should that company deliver the water so diverted
through its own canal to and upon the lands of those under the other canals named,
in the quantities to which they are entitled, would those who constructed and
since have operated and maintained the Tempe Canal, the Utah Canal, the Mesa
Canal, and the San Francisco Canal have any just cause for complaint, or have
the owners of those mentioned canals a vested right not only to the use of the
water for the purpose of irrigation, but also to have it conveyed by means of its
own conduit?

Following out to their sequence the propositions I have advanced as to the own-
ership of water and the right of appropriation, I am of the opinion that the entire
right of the appropriator for irrigation is limited to the delivery of water sufficient
for the purpose upon his land at a point where he can use it for irrigation, and
that so long as such water is so delivered he may be indifferent to any acts of
diversion or obstruction of the flow of water in the natural water course, and has
no just cause for complaint therefor. He might be compelled to adopt a more
expensive means of delivery of the water to his lands if the means that he has
already adopted are such as would result in the loss of water; for, as we have
repeatedly affirmed, the water is public property; it is a common stock to which
all may go, and no man has any right by faulty construction of his conduits, or
by their deficient construction, or by a desire to appropriate more than his share
of the water, to diminish that common stock of the water to any greater extent
than his necessities require.

This brings us to the question whether or not it is the duty of the prior appro-
priator to make use of such new means as may result in the more economical con-
veyance of water than those which he had heretofore provided for himself,
‘Whether or not it would be his duty, if, for instance, he was an irrigator under
the Tempe Canal, to construct a new conduit from the Highland Canal to his
lands, and thereby conduct his water at a considerable saving of the common
stock of water, assuming, of course, that the Highland Canal is capable of carry-
ing, in addition to that which it is already under obligation to carry, the quantity
sufficient for his use.

The variety of means adopted for the diversion of water vary under different
conditions. The person who first appropriates usually finds in the natural water
course a volume of water in excess of that which he himself needs, and to divert
the comparatively small proportion of the whole volume which he may need
would be inexpensive and easy of accomplishment. It is usually unnecessary for
the first appropriator to construct a dam, or that he should excavate a ditch to the
bottom of the water course whence he divert his water; because of the superabun-
dance in the natural water course enough for his purpose may be diverted by less
expensive means. As, however, others seek, subsequently, to appropriate a
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portion of the same stream above the point of diversion by the first, a diminution of
the quantity of the water going down to the first appropriator results in such a
reduction of the volume of water that the means adopted by the first appropriator
will not enable him to continue his diversion, and he must, in order to get the
water, either construct a dam so as to divert the water or excavate his ditch
deeper, 80 as to reach and divert the water from the diminished quantity flowing
in the natural water course, This would, of course, entail an additienal expense
upon the first appropriator.

To illustrate the question, let us suppose that upon a water course there is an
average flow of water of 4 feet in depth; that the construction by the first appro-
priator of a ditch, the bottom of which is 2 feet below the surface of the water,
enables him thereby to divert all the water he needs. Suppose that thereafter
another appropriator constructs above the point of diversion by the first a ditch
which appropriates 2 feet in depth of the water, and diminishes it 80 in volume
that instead of flowing by the point of diversion by the first, 4 feet in depth, it
now flows only 2 feet in depth. Still the quantity there flowing is sufficient to
supply the needs of the first appropriator. It will be seen that the first appro-
priator can not, by the means then had, divert his amount of water, and there is
necessarily entailed upon him an expense of either further excavation of the ditch
or the erection of a dam in order to raise the surface of the water to a point at
which it can be diverted into his ditch; and this additional expense is entailed by’
the act of the subsequent appropriator. It is not a question, as I have put it, of a
deficiency in the supply of water, but it is merely a question of the right of a sub-
sequent appropriator to diminish the volume of water flowing to such an extent
that it can not be diverted by a prior appropriator by the means he then had. We
think that it certzinly ¢dan not be said that the first appropriator kas the right to
have the water flowing such’a way that by his first means of diversion he can still
continue his approprigtion of the wateér. The whole policy of the law is, that all
of the waters in the gtreams in this Territory should be used for mining, agricul-
tural, and milling, and that there shall be no appropriation by anyone in a man-
ner that shall prohibit subsequent appropriation by others, unless that subsequent
appropriation leaves an insufficient quantity of water.

The court held that the title to irrigating water inheres in the land
irrigated and not in the eompany diverting the water, and that prior-
ity of time at which the water was applied to beneficial ttse constitutes
priority of right to nse of said water, and that this priority was deter-
mined, not by the date of diversion from the river, but by the date
of such actual beneficial use. Evidence was therefore taken to estab-
lish the date of actual irrigation of each tract of land under each
canal, the date of such irrigation determining the beginning of the
right to the quantity of water requisite for such irrigation. Each
canal, therefore, was entitled in any given year only to such quantity
of water as was necessary to irrigate the lands actually under culti-
vation, subject to similar rights of other lands previously acquired.
The unit of area for this purpose was taken as 160 acres, or a quarter
section, although fractions of such tracts were considered in render-
ing the decision, the lowest subdivision considered being 40 acres, or
one-fourth of a quarter section. The duty of water was assumed as
64 miner’s inches for a quarter section of land. A miner’s inch was
defined to be one-fortieth of a eubic foot per second, which made the
duty of 1 cubic foot per second 100 acres. On this basis a decision



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER NO. 2 PL. XX

IRRIGATION SCENE.



k
3

DAVIS] ADJUDICATION OF WATER RIGHTS. 61

was made, from which the following table was constructed, under the
orders of the court:

7. Table showing for each year the number of quarter sections under each canal enti~

tled to water from Salt River as per decree of court.

Salt FSan Nlll‘ltglabler

Year. River n&”“ Tempelciseo or| Utah | Mesa | Grand z‘:ﬁ; %g;l::clf

Valley| oD% | Canal. [ Worm-| Canal. | Canal. | Canal. | £00) | tionstor
Canal. ser each
Canal. year.
1868 ..o 12% ) IR PR SIS PSP SRS RIS A 134
1869...o.o.... 22 [T PN SR ISR VS AN R 28
1870 ... 814 % % O U A N DU P R, 46
1871 48 244 5 -39 PSR SR, J FRPY PR, 854
1872 . 8% 284 49 F 75 DR SRR AN P 167
1878 ceee e 903 2 57 S0 N O U A 1881
1874 ... 903 31 57 6220 PN SR I PR, 1904
1875 ... 903 32 57 S © 18 S Y ISR SO, 1913
1876, oo 921 36 57 ) E278 DR (RSN R U 1973
| ¢ S 953 41 57 22 £ I AU N 222
1878 eeno 102 53 67 22 % 23 -2 293
1879 eeeeo.. 104 653 70 2 % 30 15 | 3304
1880 ..o 109 843 (1] 24 24 35 173 [ccenenes 364
1881, 1163 | 102 72 24 2% 43 188 {oooeonn 400
1882 ..o ury | 1% 90 27 26 50 P> T8 4513

1883, oo 18y | 1243 %0 28 38 59 482 oo, 5013 l

1884 . ... 1193 | 1281 9% 28 38 62 A5 foeen. V5163 |

1885 ... 1205 | 133 % 28 38 73 463 433 5803 |
1886 ... 1213 135 05 29 38 75 473 1051 6561
1887 .. 1922; 1 134 1s 31 10 82 473 | 192% 7653
1888 ... 128 | 139 ur 81 55 82 481 | 3381 9291
1889 ... 1234 139 17 31 55 82 484 350 946

The figures in the columns headed Salt River Valley Canal, Mari-
copa Canal, ete., indicate the number of quarter sections irrigated in
the year designated in the column on the extreme left. Bearing in
mind that priority in time denotes priority in right, it will be seen
that although the oldest water rights are in the Salt River Valley and
Maricopa canals, such priority extends only to the quantity of water
necessary for those tracts which were irrigated previous to lands irri-
gated under other canals. Thus in 1873 the area irrigated under the
Salt River Valley Canal was increased by 12 quartersections over thatof
1872, but the additional water necessary for this increase was second-
ary in right to all lands irrigated in 1872, whether under the Tempe,
the Wormser, or the. Maricopa Canal. It will be seen that 5164 quar-
ter sections, or 82,640 acres, were irrigated in 1884, requiring under
the adjudicated duty of water 826 second-feet. In addition to this,
Hayden’s mill was entitled to 1,100 inches, but this amount need not
be deducted from the irrigating supply of the river, because the water
from Hayden’s mill returned to the river above the head of the oldest
canals and could be rediverted by them for irrigation.
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Considerable effort has been made by the later-constructed canals, |
particularly the Arizona and Mesa Consolidated, to establish claim to
what is called the surplus waters or flood discharge of Salt River. -
These rights are of somewhat doubtful value for any purpose to
which these canals can put them, for the high waters embraced by
such claims are of short duration and can not be utilized to mature
any crop. They are used for ‘“soaking up” the ground during the
period of high water in the hope that a portion of the moisture will be
retained by the soil to mitigate the drought through the low-water
season, when such waters can not be applied. It is obvious that such
a use of waters is not a use at all, but a waste. It is not especially
objectionable at present, except that in some instances farmers are
thus encouraged to plant crops which can be matured only by the use
of water obtained either illegally or through the generosity of some
of the older proprietors. What standing such claims to the surplus
waters can obtain in the courts remains to be seen. If they are sus-
tained, the result will be disastrous to the future development of irri-
gation, for it is these surplus waters upon which any project for
storage on the upper waters of the Verde and Salt rivers must largely
depend. Such storage works will hold the surplus waters for use
during the dry season, when they are most needed, but if title is held
in the manner claimed, they will probably continue to be wasted as
at present. :

IRRIGATION WORKS PROJECTED.

Having noted the principal irrigating systems taking water from
the Salt and Gila rivers, and reviewed in a general way the demands
for water and the claims made upon the flow of these streams, it is
pertinent to discuss at some length the attempts now being made to
increase the available water by means of reservoirs and other works
designed to save in part the waste water oceurring in floods. The
principal projects which have been surveyed by individuals and cor-
porations or examined by the Government are known as the Rio
Verde, Tonto Basin, Walnut Grove, Agua Fria, Cave Creek, Buttes,
Lower Gila, and Queen Creek.

RIO VERDE.

This enterprise contemplates the storage of waters at the site on the
Rio Verde known as the Horseshoe Reservoir, in T. 8 N., R. 6 E., Gila
and Salt River meridian. The drainage area tributary to this reser-
voir is nearly 6,000 square miles. The proposed height of the dam
at this point is 150 feet above the present surface of the river, and it
will extend to a maximum depth of 25 feet to bed rock. It will be
386 feet long at the low-water line of the river, and 1,250 feet along
the top. It is proposed to build this dam of a rock-filled type having
side slopes of 2:3, made impervious on the water side by a sheet of
asphalt pavementextendingto bed rock. The spillway is situated over
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2,000 feet west of the dam and is separated from it by a mass of rock
rising over 75 feet above the spillway. It will be about 1,000 feet
long. This reservoir will have a length of about 6 miles, a surface
area of 3,402 acres, and a capacity of 204,935 acre-feet, as shown by
the following table, which gives the area and capacity for each 10
feet elevation of the surface:

Area and capacity of Horseshoe Reservoir.

Contours. | Afeain | A7ty 7 Total copacity
10 39 270 | 270
20 99 690 960
30 268 1,835 2,795
40 449 3, 550 6,345
50 720 5,810 12,155
60 974 8,470 20, 625
70 1,178 10,760 31,3885 .
80 1,898 12,880 44,265
90 1,665 15,815 59, 580

100 1,916 17,905 77,185
110 2,109 20,125 97,610
120 2,349 22, 200 119, 900
180 2,646 24,975 144,875
140 2,982 28,140 173,015
150 3,402 31,920 204, 935

‘Work upon the dam itself has not yet been begun, but the outlet
tunnel is completed. It is intended to divert the river through this
tunnel when necessary to complete the foundations. The tunnel is
715 feet long, 12 feet in diameter, with open-cut approaches.

About 18 miles below the Horseshoe Reservoir the water is to be
diverted from the river by a dam 90 feet high and 475 feet long, of the
rock-filled type. Here the canal is to head with a bottom width of 25
feet, depth of water 8 feet, side slopes 1: 1, and a fall of 0.0003. The
estimated mean velocity is to be 3 feet per second and the capacity 800
‘cubic feet per second. This section is continued for a distance of 54
miles, a considerable part of the distance being through rough country,
with very heavy construction. At the end of the 54 miles the bottom
width is reduced to 20 feet, and this width is maintained 15 miles far-
ther to the crossing of New River. At New River it is proposed to
construct another reservoir, partly to impound the storm waters of this
stream, which is ordinarily dry, and parfly to receive the waste waters
from the canal. The proposed dam for this reservoir will be 100 feet
high, with a top length of 1,800 feet, which it is said will impound over
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100,000 acre-feet of water. It is not intended to construct this reser-
voir at present, but it is contemplated as a future possibility after
the development of the upper portion of the project. It is proposed
to continue the canal from this reservoir on a grade line across the
Agua Fria River, round the base of the White Tank Mountains, and
across the Hassayampa, and to utilize another reservoir west of the
Hassayampa, just above the Buckeye Canal, near the Four Buttes,
which it is proposed to fill by a lateral feeder from the main canal.
The land under this canal between Agua Fria and the Hassayampa
rivers, as shown on the map, it is also proposed to irrigate from the
Agua Fria Land and Water Company’s works. The conflict of inter-
ests here, however, is more imaginary than real, as there is abundant
good land to utilize all the water that can be furnished by both these
projects and any others that may be constructed.

The estimated cost of the dam for the Horseshoe Reservoir is $600,-
000; the diversion dam is estimated to cost $200,000, and the canal to
the Hassayampa is estimated to cost about $1,200,000, making $2,000,-
000 in all, exclusive of the two reservoir sites in the plains. It is
esttmated that from the head-gates to the Agua Fria River the canal
covers an area of 125,000 acres of irrigable lands, including a very
desirable tract of nearly 50,000 acres in Paradise Valley. West of
the Agua Fria the land to be irrigated is an almost unbroken plain of
sandy loam, and comprises more than 125,000 acres above the Buck-
eye Canal and eastof the Hassayampa. As above stated, this project
is under construction, the greater part of the work already done being
upon the canal. The magnitude of the undertaking, the natural dif-
ficulties to be overcome, and the prevailing business depression com-
bine to render its prosecution a matter of peculiar difficulty.

The company claims to have sold water rights for about 100,000
acres at prices varying from $10 to $18 per acre, paid for at the rate
of §1 down and $1 per year thereafter. The payment of this $1 per
acre each year is considered to be a sufficient compliance with the
law requiring a person entering-desert land to expend a certain amount -
in the use, irrigation, reclamation, and cultivation of the land. After
the works are constructed the owners of the water right are to pay a
certain amount per quantity of water used, the unit of measurement
being the cubic foot. The rate charged is to be a gradually increas-
ing one from $1.21 up to $2.42 per acre-foot after ten years. The
maximum amount of water which can be demanded in any one year
is at the rate of 2 acre-feet for each acre irrigated.

THE TONTO BASIN PROJECT.

Just below the junction of Tonto Creek with Salt River, near the
line between Gila and Marieopa counties, Salt River passes through
a deep, narrow gorge of solid rock. Above this point beth streams
flow through wide, level valleys, which are settled and cultivated to



U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER NO. 2 PL. XXII

VIEW IN CANYON OF SALT RIVER BELOW MOUTH OF TONTO CREEK.



DAVIS] IRRIGATION WORKS PROJECTED. 65

a considerable extent. The Hudson Reservoir and Canal Company
has made surveys and estimates, contemplating the construction of a
dam at this point (fig. 9) about 215 feet high from bed rock and 610
feet long on top, which it is claimed will give a reservoir capacity of
over 800,000 acre-feet. A spillway is to be cut around each end of

Ele 310 Length on Curve 647" Final beghtof Dam et
“Flgad &=, H

FiG. 9.—Elevation of proposed dam on Salt River.

this dam, as shown in P1. XXI. It is proposed, first, to build a dam
on an ogee section (fig. 10, @) about, 140 feet in height, heavy enough
to form the base of the dam of the full height, and to allow the flood
water to pass over its crest after the reservoir fills. After the waters
impounded by this reservoir have been disposed of the dam will be
completed (fig. 10, b) and the additional waters will be sold.

Several lines have been surveyed for the location of a canal to con-
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F1G. 10.—Profile of proposed dam on Salt River. a, first construction; b, completed.

duect these waters to irrigable lands on the south side of the river, and

it has been shown that by diverting the waters well up in the canyon

of Salt River they can be delivered high enough to water a large tract of

land at present not under canal and to irrigate the greater portion

of the valley lands on the Pima Indian Reservation. This involves a
IRR 2——5
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large amount of costly construction in the canyon, and it is not prob-
able that such aline will be found advisable. Large tracts of unculti-
vated land are already under existing canals, particularly the Arizona,
the Mesa Consolidated, and the Highland canals. Many of the older
canals-have also under them considerable tracts of uncultivated lands
for which they hold no water right, and whatever waters are left after
supplying all these demands can be distributed from the line some-
what higher and parallel to the Highland Canal Wlthout involving
much heavy construction.

It would probably be impossible to find anywhere in the arid region
a storage project in which all conditions are as favorable as for this
one. The capacity of the reservoir, in proportion to the dimensions
of the dam, is enormous. The lands to be watered are of remarkable
fertility, in a elimate which may be classed as almost semitropic, and
are vastly greater in area than the water can supply. To a consider-
able extent they are already settled upon, and the water is in lively
demand. The character of rock at the dam site is said to be excel-
lent for the construction and foundation of the dam. There is tribu-
tary to this reservoir about 5,756 square miles of mountainous country,
ranging in altitude from 2,000 to 12,000 feet, and including some of
the best drainage area in Arizona. Many of the tributaries of Salt
River find their source at the foot of the bold escarpment of the
Mogollon mesa. Tonto Creek, for instance, heads at the foot of this
mesa with the volume of a very considerable rivulet within a few hun-
dred yards of the divide. Such streams evidently obtain considerable
water supply from the precipitation which falls north of the divide,
as pointed out on page 16.

These facts indicate that the watershed tributary to this reservoir
is not only large but favorable to a high percentage of run-off. Itis
doubtful, however, whether the immense reservoir capacity above
referred to could be filled in the driest years, and what proportion of
its capacity should be held as a reserve for years of minimum run-off
can not be determined exactly without a long series of measurements.
of the discharge of Salt River between the mouth of the Verde River
and the mouth of Tonto Creek. Such measurements have been
roughly carried on for over a year by the Hudson Reservoir and Canal
Company, and the results, so far as observed, are given on page 39;
but the series is too short to justify a positive expression on this
point. There can be no doubt, however, that in this reservoir site
lies one of the most important possibilities for the future of the agri-
culture of southern Arizona.

Pl. XXIIT shows the outlines of this reservoir site as surveyed.
The shaded portions represent cross sections on the lines indicated.
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Area and capacity of Tonto Reservoir.

Height : . : Elevation
wbove low | Copacity,in | Surfaceiin | “afove
25 4,400 330 1,950
30 6,100 420 |
35 9,000 570 |-
40 11,900 730 |
45 16,200 890 |..._....._.
50 20, 000 1,080 1,975
55 26, 900 1,280 oo
60 33,300 1,510 |
65 42,000 1,740 |oooe .
70 50, 700 1,980 oo,
75 62,100 2,300 2,000
80 73, 500 2,610 |
85 88, 500 3,000 |
90 103, 600 3,430 |.........__.
95 122,700 3,820 |
100 141, 800 4,210 2,025
105 164, 700 4,610 |
110 187,700 4,990 |
115 214,700 5,480 oo
120 241, 800 5,860 |ooooooo.
125 272, 800 6,210 2,050
130 303, 900 8,570 2,055
135 338, 600 6,950 |-
140 373, 400 7,850 oo
145 413,000 7,980 |oooooo.
150 453,000 8,530 2,075
155 498,000 9,110 [
160 544, 000 9,680 |-
165 594, 000 10,170 |ooooeoe.
170 645, 000 10,680 |o.ooooo._.
175 701, 000 11,240 2,100
180 757, 000 11,750 2,105
185 820, 000 12,800 |ooooooo...
190 880, 000 13,000 |ooooooo...
195 950, 000 18,600 |oooooeooee
200 1,020, 000 14, 200 2,125

67
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WALNUT GROVE RESERVOIR.

A storage reservoir was built on the Iassayampa River just below
the settlement of Walnut Grove in 1888. The dam (fig. 11) was 420
feet Tong on top, 138 feet wide at bottom, 15 feet in width on top, and
110 feet high. As shown in Pl. XXIV, it was of the rock-filled or
placer-mining type, consisting of a front and back wall of dry rock
carefully laid with loose rock filling between. A wooden sheath cov-
ered the water slope to make it water-tight. This covering was fas-

S = -
Fia. 11.—View of Walnut Grove dam.

tened to vertical stringers about 8 by 10 inches, which in turn were
bolted to the projecting ends of heavy logs built into the upper face,
the stringers being about 4 feet apart (fig. 12). The sheathing con-
sisted of two thicknesses of 3-inch planking, with tarred paper laid
between the two. The outer face was calked and covered with
paraffin paint. Owing partly to the insufficiency of the spillway and
partly to its becoming obstructed with driftwood, the great flood of
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February, 1890, overtopped this dam, causing it to fail. The capacity
of this reservoir has been variously estimated at from 7,000 to 14,000
acre-feet. Its destruction caused the loss of twenty-six lives and a
considerable quantity of property in the valley below. A new reser-
voir could doubtless be constructed on the same site which would
redeem at least 5,000 acres of the land.

AGUA FRIA PROJECT.

The Agua Fria Water and Land Company’s project contemplates
the construction of two reservoir dams and one diversion dam on
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‘Fia. 12.~Cross section and elevation of Walnut Grove dam,

Agua Fria River. The diversion dam, a view of which is given in Pl
XXV, is already nearly completed. It is built of rubble masonry, laid
in mortar made with a natural cement burned 25 miles southwest of
the dam site, at the foot of the White Tank Mountains. The masonry
cost about $4 per cubic yard, the stone being placed by cable con-
veyor, as shown in the plate. The total length when completed will
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be 650 feet, the greatest height above the creek bed 40 feet, in addi-
tion to which the deepest excavation to bed rock was 40 fe¢t. The
greatest width on bed rock is 53 feet. A spillway is to be provided
around the west end.  The upstream or back of the dam is vertical.
The lower batter is 124 in 20. Two sluices are left at the surface of
the stream bed, each 4 feet wide by 6 feet high, to dispose of the flow-
ing waters. The top width when completed will be about 8 feet. In
October, 1895, a great flood came down the river, which the sluiceways
were unable to discharge and which poured over the dam for several
hours to a depth of more than 8 feet, finally carrying out a portion of
the recently completed masonry,; about 12 by 100 feet, near the west
end of the dam. The portion remaining below that earried away ex-
hibits a smoothly plastered surface with no evidence of fracture or
indieation of having been bonded in any way to the destroyed section.
The rubble masonry contains mumerous horizontal joints finished
and plastered as smooth .as though intended for a floor, apparently
diminishing the bond with the next course above. This seems to
be in direct:contravention of good engineering practice, and to ac-
count in a measure for the failure of the portion of the dam above
mentioned.

The canal heads at the east end of the dam in a cut 16 feet deep in
solid rock, and is constructed for a distance of about 4 miles. At this
point it is intended to carry the canal across the river in a flume 700
feet long, and to extend it in a southwesterly direction around the
foothills of the White Tank Mountains toward the Hassayampa River.
The constructed portion of the canal is 18 feet wide on bottom, and is
intended to.carry 84 feet of water. The grade is 0.0004 or 2.11 feet
per mile, and the capacity is intended to be 400 cubic feet of water
per second. A large lateral is to be taken from the east side of the
main canal about 24 miles from the head, to extend southward for
the service of the lands on theé east side of the river.

The first reservoir dam is to be located 1} miles above the diversion
dam, at an old stage station known as Frog Tanks. A fairly good dam
site oceurs here, with rock abutments, and the bed rock is said to be
near the surface. It is proposed to build this dam to a height of 100
feet, and it is claimed that this will impound about 50,000 acre-feet
of water. No considerable amount of work has been done upon this
dam other than excavating pits on the slopes and making soundings
to ascertain the depth to bed rock in the bed of the river. Quarries
have been opened and a large amount of rock has been quarried and
prepared for the work. The construction of this dam is to follow
immediately after the completion of the diversion dam.

Eight miles above this place another dam site is located, in a gorge
through solid rock, 262 feet wide at the bed of the river, and but 500
feet wide at a height of 200 feet. It is said that this basin will
impound, with a dam 150 feet high, over 150,000 acre-feet of water.
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The plans of this irrigation project appear to be open to criticism,
for by continuing the canal 1} miles farther up the canyon it would
have reached the lower reservoir dam site, which is the next struc-
ture contemplated in the plans, and which would have served as a
diversion dam, and the cost of the dam already constructed might
thus have been saved. The construction of the canal through this
distance would be expensive, as the country is rough, but it certainly
would not approach in cost that of the diversion dam. Moreover,
when in use the diversion dam will require to be filled to a height of
nearly 40 feet above the bed of the creek to reach the intended height
in the canal. This will form a pond of probably 40 or 50 acres con-
stantly exposed to evaporation in this warm and arid climate. This
loss is worth considering, for the water supply is the limiting feature
of this enterprise, the capacities of the reservoirs and the land to be
irrigated being relatively much greater than the water supply to be
depended upon.

CAVE CREEK PROJECT.

The Pennsylvania Irrigation Company proposes to build a dam 100
feet high in the canyon of Cave Creek, which it is said will form a res-
ervoir of more than 100,000 acre-feet capacity. The water is to be
diverted about 7 miles below and used in the irrigation of the lands in
aradise Valley above the line of the Rio Verde Canal. As this drain-
a areaisestimated to be only about 200 square miles, it seems improb-
at e that this area will furnish sufficient water to justify the construec-
ticn of a reservoir of this capacity; but a reservoir can doubtless be
bult at this point which will impound all the waters that can be
depended upon from its drainage, and the land to be watered is abun-
da: t and excellent.

THE BUTTES RESERVOIR.

At a point about 14 miles east of Florence the Gila River passes
between two buttes locally known as ‘“The Buttes.” For many years
it has been proposed to build a dam at this point to store the flood
waters of the Gila River for the reclamation of the arid plains below.
This project was investigated by the writer in 1896 in connection with
the water supply for the irrigation of the Pima Indian Reservation.!
A detailed survey was made of the gorge through which the river
passes, for the purpose of determining the best point for a dam and
its dimensions and cubical contents. The scale adopted was 50 feet
to an inch and the contour interval 2 feet, except where the slopes
were too precipitous for this interval, when only 10-foot contours were
drawn. After the completion of this survey the reservoir site to an
elevation 200 feet above the bed of the river in the gorge was mapped

1Fifty-fourth Congress, second session, Senate Doc. No. 27.
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on a scale of 5 inches to a mile in 10-foot contours. The reservoir
capacities obtained by this survey are as follows:

Area and capacity of The Buttes Reservoir.

s Capacit: Total capac-

Sowitne. | Alsiea® [of gocbionim | iy
10 20 100 100
20 7 450 550
30 229 1,500 2, 050
40 897 3,130 5,180
50 533 * 4,650 9,830
60 741 6,370 16, 200
70 928 8,845 24, 545
80 1,105 10,165 34,710
90 1,829 12,170 46, 880
100 1,566 14,475 61, 355
110 | 1,769 16,675 78,030
120 2,029 18, 990 97, 020
180 2,367 21,980 119, 000
140 2,746 25, 565 144, 565
150 3,149 29, 475 174, 040
160 3,602 33,755 207,795
170 4,118 38,600 246, 395
180 4,609 43,635 290, 030
190 5,133 48,710 338, 740
200 5,651 53,920 392, 660

Eleven soundings for bed rock were made at the dam site by driv-
ing iron rods into the gravel. What was supposed to be bed rock
was reached at a maximum depth, near the center of the river, of 65
feet. The site proposed for this dam is where the river enters the
gorge (Pl. XXVI), between the end of a projecting ridge on the east
and a solid igneous dike on the west. It is proposed to build the
dam to a height of 170 feet above the bed of the river, or 235 feet from
bed rock. The top width is to be 12 feet; the upstream or back slope
is to be 1 in 20, the face slope 1 in 2 from the top to a point 80 feet
below the top, and 2 in 3 from that point to bed rock, as shown in fig.
13. A spillway capacity of over 100,000 cubic feet per second is to
be provided, partly to the east and partly to the west of the dam.
Both spillways will discharge their waters clear of the dam. - This
reservoir will have a capacity, as shown in the above table, of 205,000
‘acre-feet above the outlet tunnel, which will be about 30 feet above
the bed of the stream. The outlet tunnel will pierce the hill to the
southwest of the dam, and will be about 1,200 feet in length.
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VIEW OF DAM SITE AT THE BUTTES, GILA RIVER, LOOKING NORTH.
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Another and larger tunnel will be cut through the ridge to the east
of the dam, on a considerably steeper grade, and discharge on a level
with the river bed, for use as a sluiceway in clearing the reservoir of
sediment. The discharge of the Gila River was measured by the
United States Irrigation Survey for the year ending August 31, 1890.

Surface of Gravel

\Maximumm.ssu e

\ Reservoir Full

14.4 tons per
quare oot

F16.13.—Profile of proposed dam at The Buttes.

The results of this measurement are given on page 40. Measure-
ments for irrigation investigation, under the auspices of the Indian
Bureau, were begun by the writer at the same point December 10,
1895, and continued until July 1, 1896, and they have been continued
since that date to the present time by the United States Geological
Survey. Previous to this private parties endeavoring to establish

.
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claim to this reservoir site took readings of gauge height and occa-
sionally measured the velocity by the use of floats. With the data
obtained in this manner, and by comparison with measurements made
in 1896, the discharge of the river has been approximated from July
to December. The results for 1895-96 are given on page 40, and a
diagram of the discharge as actually measured is given in fig: 7. 'The
area of this basin is so large, its topography so varied, the rain-
fall so small and erratic, and the evaporation so great that it is
impossible to arrive at any conclusion from theoretical considerations
as to the amount of run-off to be expected from it. This can be
determined only by a long series of measurements. It is probable,
however, that an area of 75,000 to 100,000 acres can be reclaimed by
waters stored at this point. The cost of such reclamation would be
something over $2,000,000. ‘

QUEEN CREEK RESERVOIR SITE.

Queen Creek rises in the mountains to the eastward of Silver King
mine, and, flowing in a general southwestern direction, leaves the
mountains below Whitlow’s ranch, and in ordinary years loses itself
in the desert north of the Gila River Reservation. In times of
extremely high and protracted floods the waters of this creek reach
Gila River several miles below Sacaton Agency. At Whitlow’s ranch
the creek passes between two buttes, forming a narrow rocky gorge
advantageously conditioned for a dam site, and above this point the -
valley spreads out in a broad basin favorable for storage. This
project was investigated in 1896 in connection with the irrigation
investigation! for the benefit of the Pima Indians on the Gila River
Reservation, little being known of its possibilities when the field work
began. A topographic map of the drainage basin was made on a
scale of 1 mile to an inch, with c¢ontour intervals of 100 feet. Itsarea
is 142.5 square miles, or 91,200 acres, 61 per cent of which lies above
the elevation curve of 3,000 feet and 39 per cent below that curve.
The reservoir site was surveyed on a scale of 5 inches to the mile,
curves of 10 feet interval being inserted to an elevation of 140 feet
above the bed of the creek at the dam site, which is topographically
the limiting height of a possible dam at this site. The practical limit,
however, is reached at an elevation considerably lower, owing to the
meager water supply, which is limited by the small drainage area,
the aridity of the climate, and the great evaporation to which the
impounded waters would be exposed. The plans proposed provide
for a dam 115 feet above the bed of the <creek. It is to be built on
the rock-filled plan, with a water slope of 1 in 1, a down-stream slope
of 1 in 2, and a top width of 10 feet. (Fig. 14.) Upon the water
slope is to be laid a sheathing of asphalt concrete, and from the up-
stream toe an impervious wall of cement rubble masonry is to be

18ee report in Senate Document 27, Fifty-fourth Congress, second session.
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ELEVATION OF PROPOSED DAM AT THE BUTTES.
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carried down to bed rock, which, in the deepest place, is about 30 feet.
An outer shell of carefully laid dry rock wall is to be built, which
will be earried down to bed rock at the down-stream toe. Spillways
will be excavated at each end of the dam, and it is from these that
rock will be obtained for the construction of the dam. Little is known
of the hydrographie possibilities of this basin, owing to the almost
total absence of data on the subject. A record of rainfall ten months
in duration was kept at Silver King, but its results appear to be of
doubtful utility. Measurements of discharge were begun at Whit-
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¥'16. 14.—Profile of Queen Creek dam.

low’s ranch in July, 1896. It is very difficult to make these meas-
urements with any considerable degree of accuracy, owing to the
extremely flashy character of the stream. Almost the entire discharge
at this point is in the form of violent floods. It is estimated that a
supply of about 10,000 acre-feet per annum can be depended upon
from this project, sufficient to reclaim about 5,000 acres of land at a
cost somewhere about $200,000. A table and diagrams of discharge
of this stream may be found on page 42. An abundance of excellent
land lies near at hand, with perfectly smooth surfaces and a maxi-
mum slope of about 40 feet to the mile.
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Area and capacity of Queen Creek Reservoir,

Contour. | Aretsin | Capacity.in
2,060 8 40
2,070 22 190
2, 080 52 560
2,090 112 1,380
2,100 1209 2,985
2,110 279 5,425
2,120 356 | 8,600
2,130 445 12, 605
2,140 538 17,520
2,150 630 28, 860
2,160 57 30,795
2,170 894 39,050
2,180 | 1,019 48,615
2,190 | 1,191 59, 665

THE LOWER GILA STORAGE RESERVOIR.

This project contemplates the construction of a large dam on the
Lower Gila in the gorge below Oatman and Cottonwood flats, not far
from the railroad station of Sentinel. So great diversity of climate
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F16. 15.—Section of proposed South Gila dam.

and topography is embraced by the drainage tributary to this reser-
voir that it is likely that it would receive a large run-off available for
storage for irrigation and very materially increase the area reclaimable
after all reservoirs in the upper portion of the basin are utilized.
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Work on this reservoir was begun in 1892, but was discontinued,
owing to financial difficulties, in the year 1893. It is the plan at pres-
ent to construct at this point a dam 50 feet in height, a section of
which is shown in Fig. 15. 1t is to be an overflow dam, protected on
both faces with asphalt concrete. Seepage under the dam is to be
cut off, so far as possible, by three rows of fluted sheet piling, one row
at the toe, one at the axis, and one at the heel of the dam. This dam
is to be utilized also as a diversion dam to raise the waters into the
proposed canal, which will be taken out about 30 feet above the nat-
ural bed of the river, leaving 20 feet storage capacity above the bot-
tom of the canal. The amount of this storage capacity is not known,
but is undoubtedly great.

FUTURE DEVELOPMENTS.

Further development of irrigation in Arizona by the simple diver-
sion of water from the Gila River and its tributaries is impossible.
As already indicated, the dry-weather flow of these streams is over-
appropriated. The area irrigated from such streams can be increased
by more economical use of the water now claimed, but the actual water
supply for irrigation can be increased only by storage and in some -
degree by the development of underground sources.

NATURAL ADVANTAGES.

The vast extent of land in southern Arizona of surpassing fertility,
admirably situated for irrigation, and with a climate the aridity and
warmth of which make it at once exceptionally healthy and marvel-
ously productive, and depending for its development and reciamation
solely upon the practicable water supply, renders the item of water
‘supply of vital importance to the future history of the Commonwealth.
It is impossible in the present state of knowledge regarding this ques-
tion to make even an approximate computation of the extent to which
this water supply can be increased. Enough is known, however, to
give to a summary of the known possibilities considerable interest and
some scientific value. Unquestionably the main reliance for the
inerease in water supply is the storageof storm and winter waters and
those of the season of melting snows, to be held and allowed to flow
upon theland only as needed, instead of flowing to the sea, or of being
applied for a short time in excess only to evaporate.

STORAGE OF FLOODS.

In some respects the topographic and climatic conditions in Arizona
are peculiarly favorable for the complete utilization of its hydrographic
possibilities. Few sections of the country are so well supplied with
excellent reservoir sites favorably situated for the conservation of the
surplus waters well above the areas to be irrigated. These favorable
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conditions seem to apply not only to the location and great capacity
of the reservoir sites, but to their engineering practicability.

This is a point the importance of which is realized by few persons
who have not made irrigation engineering a specialty. The impres-
sion seems to be well-nigh universal that wherever a locality is pro-
vided by nature with surplus waters that are discharged in torrents
and wasted, such waters can be stored and entirely utilized for irriga-
tion. Asa matter of fact, the truth of this proposition is the exception
rather than therule. This is chiefly due to the scarcity of practicable
topographic conditions for the construction of reservoirs at the place
where needed. The storage of water for domestic use in cities is often
accomplished where natural conditions are by no means favorable,
because water for this purpose is far more valuable than it is ever
likely to be in any part of the world for general irrigation purposes.
While it may be practicable and economical in some cases for a city
to pay tens or even hundreds of dollars per acre-foot for water for
domestic use, any such price is absolutely prohibitory where the water
is intended for irrigation on a large scale, even in those parts of the
world where irrigation is brought to greatest perfection, where prod-
ucts are of the most exceptional nature and highest value, and water
commands the maximum price. But even in the case of city supplies,
it is by no means practicable in all cases to construct storage reser-
voirs at the required height within practical limits of expense.

It will thus be seen that for the storage of water for irrigation the
existence of peculiar and favorable topographic and geologic condi-
tions for the construction of reservoirs is of no less importance than
the existence of waters to be stored. A basin of large capacity, capable
of being closed by a structure of small dimensions and unquestionable
safety, or if naturally already inclosed, capable of being pierced by a
tunnel or cut for drawimg off its waters, must exist at an elevation
sufficiently low and in a locality convenient for the reception of the
waters to be stored, and sufficiently elevated and convenient for its
waters to be carried, within practicable limits of cost, upon the lands
to be irrigated. Such reservoirs, furthermore, must be of considerable
depth; otherwise the great bulk of the stored waters will be lost by
evaporation before they can be utilized. This is peculiarly true ef
Arizona, on account of the excessive aridity and heat of its climate.
Even with the most favorably conditioned storage sites this item of
evaporation always curtails the efficiency of a reservoir site and places
a limit upon its utility for the purposes intended. The less the value
of the water impounded the more favorable must be those topographic
conditions, but for any purposes of irrigation they must be so favor-
able as almost to be topographic curiosities, and such are of compara-
tively rare occurrence. .

Another element of error in the popular assumption above referred
to arises from the fact that the great floods which bear such immense
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quantities of water running to waste and which make such a strong
impression on the public mind are so infrequent in occurrence and so
enormous in volume that their storage and complete utilization are
impossible. The observation of these great floods, such as those of
1891, in both the Salt and the Gila rivers, produces an impression upon
the popular mind that the possibilities of irrigation by storage are
vastly larger than in fact they really are. Even assuming ideal con-
ditions regarding the existence and location of feasible reservoir sites,
we are forced by a study of the facts to the reluctant conclusion that
such great floods bear no relation to the extension of irrigation by
means of storage except to imperil the works. As before stated, these
great floods occur only once or twice in a great many years, and irriga-
tion can be extended only in approximate proportion to the supply of
water that can be obtained in the driest years. To a certain extent
dry years may be reenforced by the conservation of the waters from
years of excessive run-off. Of course, the reservation of a large sur-
plus over and above that required for irrigation in the year of great
run-off requires the provision of extensive storage capacity and con-
sequent increase in the cost of the works, but a limit to the utility
of this method is quickly reached, especially in the climate of Arizona,
by the heat and aridity there prevalent.

The potential evaporation is equivalent to a depth of nearly 8 feet
in this region, and a reservoir in which the reserve storage filled it
only to a depth of 8 feet would be entirely evaporated before the next
season. If the reserve storage extended to a depth of 16 feet, it would
be all lost before the second year was reached. To tide over a series
of dry years a reservoir of great depth is necessary. When we con-
sider the fact that all storage reservoirs which it is practicable to
construct for purposes of irrigation have their greatest areas in the
upper contours; it will be seen that to subtract 8, 16, 32, or 40 feet
from the upper zones of such a reservoir is to lose an enormous pro-
portion of its stored contents. For instance, in the areas and capac-
ities of the reservoir surveyed at The Buttes, given on page 72, we
find that for a depth of 150 feet the area of the reservoir is 3,149 acres
and its capacity 174,000 acre-feet. Should it be attempted to hold
such a reservoir filled with water for a period of say four years, we
should have an evaporation of at least 30 feet from its surface, which
would lower it to the 120-foot contour, at which the capacity is 97,000
acre-feet, or a little more than one-half the quantity which was held
as a reserve. Should it be desired to hold a depth of 100 feet in the
reservoir as a reserve for use in dry seasons, we find that in a period
of four years, assuming the evaporation in that time to be 30 feet, the
amount would be reduced from 61,355 acre-feet to 24,545 acre-feet, a
loss of about 60 per cent. If the depth of reserve storage were adopted
as 70 feet, we should have a capacity of 24,545 acre-feet, which would
" be reduced by four years’ evaporation to about 5,000 acre-feet, or
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about 21 per cent, and another year would practically exhaust it. In
the Sweetwater Reservoir, in southern California, 90 feet in depth,
80 per cent of the capacity of the reservoir is within the upper 30 feet
of height and 40 per cent within the upper 10 feet.

It will be readily seen that the practical utility of a reserve storage
is limited to three or four years, even with very deep reservoirs.
With comparatively shallow reservoirs no such use is possible. Such
great floods as occur only once or twice in ten or twenty years can not
be held, even with unlimited storage capacity, to reenforce the years
of minimum run-off, which of course occur at essentially similar inter-
vals, and the meager observations at hand seem to indicate that they
are not needed in the years in which they occur, as such years are
likely to yield more than the average quantity of run-off, independent
of such floods. On the other hand, they are a constant menace and a
positive peril to the stability and perpetuity of the reservoir, owing
both to their great magnitude and the great difficulty of determining
what this magnitude is. Enormous and very expensive facilities
must be provided for carrying them out of the reservoir without

injury to the dam.
SILTING OF RESERVOIRS. -

One of the most difficult problems presented in the storage of these
great torrents is the enormous quantities of rocks, gravel, sand, mud,
and silt which they carry into the reservoir, and even though no part
of the flood may be held, the load of solid material is deposited and
contributes to fill it and destroy its storage capacity. These terrible
torrents, useless and dangerous as they are, contribute the major por-
tion of the solid matter which is caught by such reservoirs, and this
is one of the most serious and difficult problems to be solved by the
irrigation engineers in southern Arizona. The amount of solid mate-
rial brought down in this manner can be learned only by impound-
ing and measuring it. Measurements of matter carried in suspension
have been made on the Mississippi, on the Potomac, on the Rio Grande,
and on streams in California, but even if these streams could be
shown to bear any fixed relation to the torrents which it is proposed
to control in Arizona the problem would still be unsolved, as an un-
known quantity of such material is rolled along the bottom. This is
proved by the large numbers of bowlders, small rocks, and gravel they
carry which never could be held in suspension. Careful surveys have
been made of new reservoirs in California with this problem in view,
and after a lapse of several years a resurvey will doubtless furnish
valuable information, but this is not available at the present time.
The amount of solid material carried by the torrents of southern Ari-
zona can be learned only by impounding it. As it is considerable, it
is obvious that a reservoir built on such a water course will eventually
fill with solid matter unless means are provided for its removal. No
entirely efficient plan for this purpose has ever been put in operation.
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It is usually assumed, and often with truth, that the life of the reser-
voir is sufficiently long to justify its construction, even though it will
eventually fill and have its usefulness destroyed. The amount of ma-
terial carried by streams in southern Arizona, especially in the sum-
mer floods, is too large and the necessity of the reservoir to the life of
the distriet to be irrigated from it is too vital to justify this convenient
solution, or rather evasion, of the problem.

At least one eminent eng'ineering authority has expressed an opin-
ion that such a reservoir, even when filled, would retain about 30 per
cent of its available storage capacity in the voids of the material
deposited. It would seem, however, that this opinion is entirely
without foundation. The fluctuating character of such streams, as
well as the widely variant specific gravity of the material carried,
insures such a mixture of materials in regard to their fineness that
the proportion of voids would be much smaller than in a body of sand
or other material of approximate uniformity of size. By filling any
given volume with coarse materials, such as bowlders, filling the voids
of these bowlders with coarse gravel, these voids again with finer
gravel, and so on through the coarser grades of sand to the very finest
silt, using of each material just enough to fill the larger voids in the
coarser material, a mass will be produced with an extremely small
percentage of voids. This is roughly the course pursued in the man-
ufacture of concrete, and apparently would be approximated by
nature in the case of a mountain reservoir. But whatever the per-
centage of voids, the water contained therein would not only be held
strongly by the forces of capillary attraction and surface tension, but
the friction in the containing material would resist its escape so power-
fully that even that portion which could be drawn off would escape
with extreme slowness. While probably such a reservoir might store
and yield for use a considerable quantity of water, it is clear that this
quantity could not aggregate anything like 30 per cent of the original
capacity of the reservoir.

It has been proposed to sluice out such material by providing large
openings from the reservoir and occasionally allowing a large volume
of water to rush out and carry the collected material with it. This
method has been successfully employed in diverting dams for keeping
open the approaches to the head gates of canals. It is also exten-
sively employed in cleansing reservoirsin Spain. But experience has
shown that only a comparatively small area is cleaned by this method,
reaching on a steep grade for a moderate distance above the scouring
sluices. For clearing a reservoir several miles long it is manifestly
inadequate and must be supplemented by something else.

Another method of counteracting the tendency of the reservoir to
fill is by enlarging its capacity. This method is not always possible.
Where possible it is always expensive, and so far from being a solu-
tion of the problem, merely postpones the date when some mean

IRR 2—6 \ :
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must be adopted of clearing out the impounded silt. It may, how-
ever, in some cases be advisable, where the expense is not too great,
as the combined effect of raising the dam higher and of its filling with
silt is to increase the altitude of the surface of the silt above the
scouring sluices, and, by increasing the velocity of the water which is
used in sluicing out the silf, to increase the efficiency of that means
of cleansing the reservoir. '

The removal of the accumulated débris by the ordinary methods of
excavation is clearly out of the question. No community in the world
can afford to pay for an acre-foot of storage capacity for the purposes
of irrigation any sum approaching the cost of an acre-foot of excava-.
tion by the ordinary methods. A method is here suggested, however,
which it is believed might be applied in many cases, and when prop-
erly adapted to the topography and hydrography of the locality,
would, it is believed, be effective in some cases within practicable
limits of expense. The method proposed is as follows:

A small water supply is to be obtained at considerable head over
the reservoir site, either by diverting the stream at a distance above
the reservoir or by storing waters in a small reservoir on the stream
or some of its tributaries and earrying them in pipes or flumes above
the upper edge of the reservoir to the vicinity of the dam. At points
along the side of the reservoir which are topographically favorable,
preferably upon ridges jutting out into the lake, hydraulic giants are
to be provided, to act under the head of water furnished by the pipe
line. Large sluiceways are to be provided near the dam, and at such
times as the reservoir happens to be empty these sluiceways are to be
opened to their full capacity and the deposited material hydraulicked
out, as in hydraulic mining. The material, being mostly fine and
freshly deposited, would wash easily and rapidly and be carried by
the stream out of the reservoir through the sluice gates. This water
need not be wasted, but could be diverted below for purposes of irri-
gation. It is not denied that such works and such methods would be
expensive, but, on the other hand, their effectiveness is unquestion-
able, and it is believed to be by far the most feasible method yet
proposed for cleaning out a large reservoir. The tendency of an eco-
nomical use of this method would be to keep the reservoir open in
its lower part, where it is deepest, and allow the shallow portions
along the edges and at the upper end to remain filled. This would
contract the relative area of water surface and diminish evaporation,
which would in a measure compensate for the destruction of storage
capacity. :

The use of the three methods, first, the employment of one or more
large scouring sluices, after the manner of the old Spanish reservoirs;
second, the enlargement of the reservoir to the practicable limit; and,
third, the construction of works and the adoption of operations like
those above described, would in many cases insure the perpetuity of
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storage reservoirs in this country within practicable limits of expense.
Certain it is that some efficient method or methods for this purpose
must be employed or the extension of irrigation in any great degree
in southern Arizona by means of storage is impossible.

The problem just discussed suggests the advisability, where feasi-
ble, of constructing storage reservoirs in side canyons or other basins
having no considerable natural drainage tributary to them, the water
being carried through artificial conduits from the streams whose
waters it is desired to store. Where this can be done the danger of
filling the reservoir with silt can be easily averted. Sand boxes can
be constructed along a conduit and easily operated in such manner as
to effectually clear the waters of their load of solid matter.

Aside from the scarcity of natural sites of this character, their effi-
ciency is limited by a fact more strongly emphasized in this than in
most countries, that the surplus waters are discharged in sudden
floods of enormous volume, and in order to impound them or any con-
siderable percentage of them by this method, not only must strong
diversion works be provided for diverting them, but a conduit must
- be constructed of enormous capacity. If this conduit must be of con-
siderable length or in very rough country—and both conditions usually
obtain—the project is defeated by that great bugbear of irrigation
possibilities previously referred to—the cost.

In respect to the existence of good mnatural reservoir sites upon
streams carrying the bulk of its surplus waters, southern Arizona is
particularly fortunate. The information upon this point, however,
is far from complete, and the subject deserves careful expert investi-
gation.

EVAPORATION.

As previously suggested, one of the most serious obstacles to the
extension of irrigation in Arizona by means of storage is the high rate
of evaporation, which often exceeds 100 inches in depth in a single
year.

A compilation of evaporation results acquired by the Irrigation
Survey is given in the Eleventh Annual Report of the Geological Sur-
vey, Part II, Irrigation, page 34.

It has been proposed to lessen evaporation from reservoirs by the
cultivation of aquatic plants, whose leaves are intended to cover the
surface and partially shade the water. This plan was suggested by
Captain Glassford in Irrigation and Water Storage in the Arid
Regions, page 307.! It is hardly probable that this method ecan be
very effective, from the fact that such part of the leaves as are above
water will probably transpire more or less moisture themselves, and
such parts as are covered with a film of water of course can not check

1Fifty-first Congress, second session, Ex. Doc. No. 287, Irrigation and Water Storage in' the
Arid Regions, a report on the climatology of the arid regions of the United States with refer-
ence toirrigation. By Gen. A. W. Greely.
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evaporation in any degree. A test of a similar method of checking
evaporation was made by Prof. Edward M. Boggs, irrigation engineer
and meteorologist of the Arizona Agricultural Experiment Station,
the result of which is given by him in Bulletin No. 20, on Arizona
Weather, page 7:

A second tank, an exact duplicate of the first, placed by its side, and provided
with a similar gauge, was planted with water lilies of the genus Nymphce. Meas-
urements were commenced in this tank in September, 1892, when the leaves well
covered the surface of the water. They were continued until April, 1894, when
the gauge was needed for another use. A comparison of the results is shown by
parallel columns in Table IV. It will be seen that the monthly totals of the two
tanks are in substantial agreement. The differences are usually small. The
excess changes so often from one tank to the other as to lead to the conclusion
that differences are due to accumulations of errors incident to observation. But
it is not easy to apply this explanation to the difference of 0.75 inch in favor of the
lily tank occurring in June, 1893, However, the idea that the leaf covering has
diminished the evaporation to any considerable extent is dispelled by the fact that
for the eighteen months of the record the difference amounts to 1.52 inches only,
a divergence of about 1 per cent.

Another device is here proposed which may be worthy of considera-
tion, and which it is hoped may receive tests similar to those con-
ducted by Professor Boggs. It is proposed to cover the surface of the
reservoir with a film of crude petroleum, which will form a more or
less coherent sheet of gum upon the surface and prevent the contact
of air with the water as long as the surface of the reservoir is still
and placid. The tendency of oil to diminish motion of water in
waves and riffles is well known, and this project might prove more or
less effective at such times as the winds are not too violent or con-
stant. This suggestion is made for what it is worth, in the hope of
inducing experiments to test its value. It must be admitted, how-
ever, that the prospect is meager for materially reducing the ravages
of evaporation from reservoirs in this climate, and all plans and esti-
mates should take them into account to the fullest extent. )

MOUNTAIN RESERVOIRS.

It is eminently advisable in such a climate as that of Arizona to
store waters for irrigation as far as practicable near their source, in
order to obviate the enormous loss through evaporation when flowing -
for long distances through the sandy beds of streams.

It is often erroneously assumed that the run-off of a district is
nearly proportioned to its area. In this arid region the mean dis-
charge of the large streams is, owing to evaporation, often more nearly
in inverse proportion to their catchment areas. Thus the Gila River
at Yuma has a smaller discharge than at the mouth of Salt River,
where its catchment area is far less. The Santa Cruz River, at the
point where it leaves the mountains, discharges annually large quanti-
ties of water, which become progressively less, until well out into the
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desert the river is practically lost, and its discharge is zero, The
same is true in a greater or less degree of nearly all the important
drainage lines in the southern part of the entire arid region. Added
to this is the fact that in the low, hot deserts the evaporation is usually
80 great as to make very serious ravages into the stored volume of
water after the rains have ceased, thus materially reducing the sup-
ply available for irrigation.

The waters from a reservoir situated within a broad valley or open
country must usually be conducted in broad channels constructed on
light grades through sand or loam where the loss from seepage and
evaporation will approximate a maximum; while from a mountain
reservoir it is usually possible to give delivery canals heavy grades
and high velocities, reducing seepage and evaporation to a minimum;
and, with plenty of grade to spare, natural drainage lines may be
utilized to a great extent.. The seepage from high-level canals
often reappears at lower levels and is not entirely lost. Further-
more, water stored in the mountains may usually be made to furnish
a large amount of power that will in the future be very valuable,
without in the least affecting its availability for irrigation. It may
be laid down as an almost general rule that where there is a choice
it is far better for the future of the arid region that water be stored
in or near the mountains than on desert plains, even when the cost
of such mountain storage is much greater than the same capacity at
lower levels.

The reservoir sites already deseribed on New River, Rio Verde,
Gila and Salt rivers, Hassayampa, Queen, and Cave creeks, which
are contemplated in the plans of existing companies, are doubtless
the best that can be utilized on those streams, and are usually
as great and in some cases greater in capacity than required for the
economical conservation of the waters yielded by the drainage area
tributary to them, exclusive of the great unusual floods which, as
previously pointed out, it is neither practicable nor desirable to
impound. On the drainage of the Gila proper, however, it is not
improbable that undiscovered reservoirs exist in the mountains near
the head waters of the Santa Cruz, San Pedro, San Francisco, and Gila
rivers; Eagle, San Carlos, and Blue creeks, and other tributaries in
the mountainous regions, where waters can be more economically
stored than at The Buttes. When all such reservoirs are constructed
and fully utilized, and the ordinary spring and summer flow of the
river entirely diverted for irrigation in the neighborhood of Solomon-
ville and Fort Thomas, the reservoir at The Buttes may be relied
upon to impound the balance of the run-off tributary to its drainage,
with the exception of the unusual floods referred to.. This reservoir
is admirably located for the purposes above outlined, being of large
capacity and, situated at the point where the river finally leaves the
mountainous region, intercepting nearly all the mountain drainage
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yielding the largest percentage of run-off, and yet of sufficient
elevation to command all the irrigable land adjacent to the middle
and lower portions of the river.

‘When all such sites are utilized there will still be a large area of
excellent unwatered lands in the valleys of Arizona and a large
amount of surplus flood waters, which, for reasons outlined on page
79, it is not practicable to store in the reservoirs in the mountains.
Though these reservoirs include in their catchment the greater por-
tion of the best drainage area of this basin, large areas of foothills,
plains, and rocky ridges will still remain which are subject to oceca-
sional cloudbursts and yield in the aggregate a large run-off. A part
of such waters, as well -as such part of the seepage from canals and
irrigated fields as finds its way back into the stream, can beimpounded
by the construction of a large reservoir on the lower Gila, as described
on page 76. 'Whether it would be sufficient to utilize the water avail-
able for storage after the upper sites in this basin have been brought
into use can not, of course, be known at present. Certain itis that
no rights to flood waters should be acquired by such a reservoir to
the prejudice of those in the mountain regions, where the water can
be so much more economically impounded and applied, and in the
absence of laws controlling this matter it is not to be regretted, but
is rather a subject for congratulation, that this project has not been
carried to completion; and it is to be hoped, for the sake of the future
of irrigation in Arizona, that it will not again be revived until at
least the best of the reservoir sites hereinbefore described have been
constructed or some legal provision has been made to secure their full
utilization.

UNDERGROUND WATERS.

The possibilities of irrigation by the development of percolating
waters deserves mention.  There is in Salt River Valley at present a
large quantity of water in the gravels underlying the valley. The
well employed to furnish the greater part of the domestic supply of
water for the city of Pheenix is 35 feet in depth and 8 feet in diameter.
It normally contains a depth of 18 feet of water. The walls are of
.cement, so that water can enter only at the bottom. Two Dean
pumps, each of 840 gallons per minute capacity, are used to raise the
water into the stand pipe. Both pumps usually run at nearly full
capacity in July and August, and have raised 33,000,000 gallons per
month. The discharge has sometimes exceeded 1,400 gallons per min-
ute, which would lower the water in the well about 6 feet, but when
the pumps are stopped the water recovers its level in a few minutes.
A well was dug into the gravel in the vicinity of Mesa, and a cen-
trifugal pump of about 1,200 gallons per minute eapacity was used
to keep the water down and permit the progress of the work. The
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ingress of water became 8o great as to be beyond the capacity of the
pump, and work was stopped for that reason.

This large quantity of underground water is doubtless due to the
excessive application of water, as previously described in this report,
through the months of April and May, while the water in Salt River
is abundant, and irrigators are attempting to ‘‘soak up” the land
preparatory to the low-water season, when the competition for water
rights becomes severe. If in future this excessive supply during the
spring months is stored in great reservoirs, as is proposed by the
projects now contemplated, the ‘‘underflow” will be greatly reduced,
because so great an excess of water will no longer be applied to the
fields. Some water will always escape from the fields into the subsoil,
and canals and ditches will also lose a portion of their supply by
seepage, which will be caught by the underflow. This source of sup-
ply, while for these reasons somewhat uncertain at present, is impor-
tant in the future development of the valley.

Measurements were made in the month of June, 1896, by Mr. Cyrus
C. Babb, of Salt River above the head of the Arizona Canal, of the
amount of water taken out by each canal, and the amount remaining
in the river below its head. These measurements proved that a con-
siderable quantity of water is returned by seepage to the river bed,
which was taken out for irrigation lower down. In one case the
increase was 80 second-feetin 7 miles, as previously stated. Undoubt-
edly the amount lost by evaporation of these return waters from the
river bed and the adjacent soils was much greater. While it is a
gratification to know that some part of the surplus waters applied to
the lal}d returns to the river and can be used again, still this fact
affords no execuse for such use, and should not be allowed to weigh in
favor of its continuance.

In some other parts of the Territory are found underground waters
in greater or less abundance, which may in some cases be profitably
developed by pumping or otherwise for irrigation purposes. This is
true at least in the country which receives the lost waters of the Santa
Cruz and some other streams which have ordinarily little or no surface
indications, but still discharge more or less water through a pervious
subsoil. Water may be obtained in abundance a short distance
beneath the surface along the valley of the Gila River, in the Pima
Reservation.! Mr. Albert F. Colton has collected a-quantity of data
relating to wells in the Casa Grande Valley, some of which have quite
a considerable flow and vary in depth from 20 to 100 feet. In other
parts of the Territory wells have been sunk to depths greatly exceed-
ing 100 feet without striking water. The information collected by
the Geological Survey, together with that gtathered by Mr. Colton, so

1Irrigation Investigation for Pima Reservation. Senate’ Doc No. 27, Fifty-fourth Congress,
second session.
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far as relates to Maricopa and Pinal counties, is shown in the follow-

ing tables:
Wells of Pinal County.
Location. a 3 § Cost, of —
g - B
N °§ 3 g |8,
No. | Post-office. Owner of well. wh ° o | ab Ma-
T.|R.|8.| $5| £ L 1%5* | Well. | chin-
» | A | A3 ery.
Ft.in.| Feet. | Feet.
1| Arizola ....., Geo. W.Sanders...| 6| 6[22| 1892| 4-0| 40 3 $100 $13
2 [« L Y Peter H. Loss...... 6| T)119| 1893 | 4 0| 4 6 85 [oaicoaae
3|...-. do.:co.... H.J.Cleveland ...} 6] 7|19 [....... 06
4. do._....... Fred Weaver...... 6] 782 18% | 4 0
L5 2 L Lo S ——Cooley.ocooeoo. T v 5| 1891 4 0
6 |.aaen do........ M. R. Mann........ 7| 6] 1| 1894 | 310
[ do........| E.Hadley.......... 6| 634 1892 4 0
8 | Casa Grande.| R. B. Dennis_.____. 6| 6|20 186 5 0
k2 P do........ Andrew Sound-| 6| 786 |...... 40
burg. .
10 [.-..: do et L. S.English.__.... 6 5{23 1892 | 4 O
6 682 |.-.o-. 06
6| 6129 |- 8 0
4(...|25] 185 | 4+ 0
6|16 | 20| 1878 40
5| 985 | 1888 4 0
5| 9{10| 1891 4 0
Christopher Sal-| 5| 72| 18%0| 3 0
mon. ‘
T.F.Marquand....| 5| 7|13 | 1895} 12 0O
L. E. Graham . ._... 51 8124 | 1891 6 0
J. M. Hurley....... 5| 9182 1891 4 0
James F. Pry_.__.. 50 8|er| 1898| 3 8
Wm. H.Graham ..| 5| 8 28| 1893| 4 0
F.E.Carpenter....| 5| 885 |cacun-- 4 0
—— Morrell........ 5| 8128 |-caaua- 3+ 0
Daniel Bingham...| 5| 8|26 [....... 4 0
Shields & Price.._.| 5| 824 |....... 3 0
Peter R. Brady....| 4 |....|34| 1884 | 4 O
Abandoned ....._._ 311085 [eauunnn 10 0
Thos. Buchanan ... 1| 8|....] 185 | 6 5
‘Whitlow Bros ..... 2110] 1| 183| 0 6
R.H.Martin ...__.. 3110( 5| 1883, 0 6
Harrington ........ 2| 7]....] 1892] 0 4
83 |- do ..o LewBaley ......... 211014 1888 | 0 6
34 ... [ (PN Mexican c..eeeooa-. 110341882 0 4
85 |- do........ Barmodath ........ 1]10)....; 1883 | 0O 4
36 | .. [+ U SR Bark & Creswel __.{ 1[10f.._.| 1879 | 0 &
87 | Kenilworth..| W.J. L. Baron....| 5| 8|25 | 1892 4 0
38 | Maricopa ....| S. P.R. Roo........ 4 8|17] 1885 18 0
39 | Sacaton ...... Wilson............ 61 5|24 |.oo.... 40
40 [.....dO.eeeni . W.J.Stulz ... 6| 7|2r| 1895| 3 0
41 ... L [ SR, U.8. Indianagent.| 4| 6 |.___|....... 11 0
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Wells of Maricopa County.

Location. S 3 g Cost of—
ssl 5 | &g,
No. | Post-office Owner of well °3 2 ° | °x
- - . PR J4 g | gl Ma-
: T.IR.8 | g&| & | B |% | Well | chin-
° 3 o ery.
P a A A
Ft. in.| Feet. | Feet.
42 | Phoenix...... E. F.Kellun_...... 1] 1) 6]cceea-- 0 7| 554 ... $5,000 |_.......
43 do....... Frank A. Phillip .| 1| 2|27 | 1802 | 14 0 26 14 300 ($2, 700
44 .. [ s S Pheoenix Water-| 1| 3| 5 1889} 8 0 35 7 5,000 {10,000
works.
45 Tempe.._....| C.G.Jones .____._. 1| 4(13| 1889| 440 20 12 |
46  Mesa.........| Wm. Standage ....| 1| 5|20 | 1895 50 42 4 80 . ...

No. 1.—Dug well; depth of water does not vary; it can not be easily lowered; flow has not
diminished; water, soft; raised by bucket and used for domestic purposes; elevation of surface,
1,412. Strata passed through: Sandy soil, 11.5 feet; volcanic ash, 8 feet; hard whitish rock, 2
feet; sand and small gravel, 8.5 feet; wash gravel, 3 feet; hard whitish rock, 1 foot; gravel, 2
feet; hard rock of a water-line formation, 9.5 feet.

No. 2.—Dug well; depth of water does not vary, nor is it easily lowered; flow remained sta-
tionary; water rose 4feet when struck; water, soft; raised by pump and used for domestic pur-
poses; elevation of surface, 1,448 feet. Strata passed through Clay soil, 6 feet; gravel, 8 feet;
sand, 28 feet; rock of a water formation, 2 feet.

No. 8.—Bored well; elevation of surface, 1,452 feet.

No. 4—Dug well; depth does not vary; is not easily lowered; quality of water, soft; raised by
bucket and used for domestic purposes; elevation of surface, 1,458 feet. Strata passed through
Clayish soil; last foot lime as water formation.

No. 5.—Dug well; depth does not vary during year; quality of water, soft; water raised by
buckets and used for domestic purposes; elevation of surface, 1,460 feet. Strata passed
through: Same as No. 4.

No. 6.—Dug well; depth does not vary during year; is not easily lowered; quality of water,
soft; raised by bucket and used for domestic purposes; elevation of surface, 1,450 feet. Strata
passed through: Clay, with streaks of gravel; bottom in sand.

No. 7.—Dug well; depth does not vary during year; is not easily lowered; quality of water,
hard; water raised by buckets and used for domestic purposes; elevation of surface, 1,433 feet.

No. 8.—Dug well; water easily lowered; quality of water, soft; raised by buckets and used
for domesticpurposes; elevation of surface, 1,393 feet. Strata passed through: Clay soil, 12 feet;
_cement, 14 feet; sand, 12 feet; then clay to water.

No. 9.—Dug well; quality, soft; raised by bucket; used for house and stock; elevation of sur-
face, 1,454 feet. Strata passed through: Sandy soil; bottom in sound rock.

No. 10.—Dug well; depth of water does not vary during year; is not easily lowered; flow has
increased; quality of water, salt at first, hard now; raised by buckets and used for domestic
purposes; elevation of surface, 1,375 feet. Stratapassed through: Gravelly soil; waterin gravel.

No. 11.—Bored well; depth of water does not vary during year; is not easily lowered; water,
alkaline; raised by windmill; elevation of surface, 1,405 feat.

No. 12.—Water not easily lowered; it rose when struck; flow increased; water, hard; raised by
pump; flow, 10,000 gallons per hour; elevation of surface, 1,395 feet. Strata at bottom: White
sand.

No. 13.—Dug well; depth varies with height of river; can not be easily lowered; quality, a little
alkaline; raised by pump; used for domestic purposes. Str%ta. passed through: Alluvial soil, with
sand at water level.

No. 14.—Dug well; depth does not vary during year; can not be easily lowered; water, hard;
pumped and used for domestic purposes. Clay strata passed through. .

No. 15.—Dug well; depth at first, 83 feet; water at 31 feet; sunk 1.5 feet each year; present
depth, 45 feet, and 1 foot water; is easily lowered flow diminished; elevation of surface, 1,488
feet. Sandy clay soil.

No: 16.—Dug well; depth varies dmrmg year; water, hard.

No. 17.—Dug well; depth does not vary; is not easily lowered; rose one-half foot when struck;
quality, soft; used for house and stock; elevation of surface, 1,398 feet. Sandy soil; bottom in
sand.

No. 18.—Dug well; depth does not vary during year; lowers about 38 feet and no more; raised
by gang pump and horsepower; ﬂqw, 6,600 gallons per hour; used for irrigation; elevation of
surface, 1,380 feet. Sandy soil for 13 feet; 2.5 feet clay; then water in sand
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No. 19.—Dug well; commences to lower in November and rise in April; variation about 1
foot; not easily lowered; quality, soft; raised by horsepower; waters 120 head of stock; elevation
of surface, 1,455 feet; gravelly soil; bottom in water formation.

No. 20.—Dug well; depth does not vary; is not easily lowered; quality, medium; raised by
pump; used for domestic purposes; elevation of surface, 1,505 feet; usual water formation of
rock at bottom.

No. 21.—Dug well; quality, soft; raised by bucket; used for domestic purposes; elevation of .
surface, 1,440 feet; sandy soil on top water rock.

No. 22.—Dug well; water riseslast of June, fallsin December; not easily lowered; quality, soft,
but getting hard; raised by pump; waters 20 head of hogs, 70 head of stock, 120 trees; elevation
of surface, 1,416 feet; goil, sand and clay, with strata of hardpan at bottom, blue clay; main
stream comes in from southeast.

No. 23.—Quality, soft; elevation of surface, 1,441 feet; same rock bottom.

No. 24.—Dug well; quality, salt; elevation of surface, 1,439 feet; sandy soil; bottom below
water lime.

No. 25.—Dug well; quality, soft; elevation of surface, 1,450 feet; sand strata.

No. 26.—Dug well; depth varies during year; not easily lowered; quality, hard; raised by
steam pump; elevation of surface, 1,467 feet; at 8 feet struck coarse gravel, lasting 20 feet; bot-
tom in water lime.

No. 27.—Dug well; cased with redwood; lowers in summer; easily lowered; quality,soft and
pure; soil, 11 feet alluvium, balance quicksand.

No. 29.—Dug well; size, 4 feet at top, 6 feet at bottom; level lowers some in summer; quality,
goft; raised by steam pump, 1.000 gallons in twenty-four hours; used for stock, garden, and
traveling public; strata, clay, sand, and small gravel, bottom in coarse gravel.

No. 30.—Drilled well; depth does not vary; can not be lowered with horsepower pump; used
for stock; strata, limestone.

No. 32.—Dug well; depth lowers in summer; raised by horsepower and barrel; can be pumped
dry in five hours; used for stock and by the public.

No. 33.—Drilled well; dry; 3 miles southwest of Whitlow’s ranch; between this well and
Florence are three other dry wells, with depths of 150 feet each.

No. 34.—Well sunk in Queen Creek wash, 2} miles below Whitlow’s ranch; no water found.

No. 36.—Well at Goldfield; more water in well in winter; can be easily lowered; raised by
hand pump; used for stock.

No. 87.—Dug well; level rises in April, falls last of July; is easily lowered; flow has increased;
quality, soft at first, now medium; raised by buckets, and waters 100 head of stock and 30 trees;
elevation of surface, 1,465 feet; gravelly soil with streaks of limestone.

No. 88.—Dug well; not easily lowered; water soft; raised by steam pump; dlsclmrge, 10,000 gal-
Jlons per hour; elevation of surface, 1,170 feet; gravelly soil.

No. 39. -—Dug well; elevation of surface, 1,380 feet; bottom in gravel.

No. 40.—Dug well; depth does not vary during year; can be lowered by two buckets; water
soft, raised by buckets, and used for domestic purposes; elevation of surface, 1,450 feet; sandy
soil; water in a soft sandstone.

No. 41.—Dug well; capacity tested by 6-inch centrifugal pump giving one-tenth of a cubic foot
per second, or 8,640 cubic feet per day; percolating area, 242 square feet, indicating a yield of 36
cubic feet per day for each square foot of surface. This surface is in a very hard clay, which
has stood eight years without walling and still shows marks of the pick used in digging; water
used for mill and domestic purposes; raised by steam pump.

No. 42.—Bored and drilled well; 18 feet to surface water; slight flow at 382 feet; not easily
lowered; used for irrigation; alluvial soil 15 feet, hardpan 10 feet, alternate gravel beds 150 feet,
sand, cement, etc.

No. 43.—Dug well; depth fluctuates about 30 inches during year; can not be easily lowered;
quality, soft; raised by steam pump; discharge, 2 second-feet, and irrigates 820 acres.

No. 44.—Dug well; level not easily lowered; quality, hard; water raised by pumping; discharge,
2,500,000 gallons per day; supplies water to city of Phoenix; level steadily risen during past ten
years; first 16 feet alluvial soil, balance bowlders and coarse gravel.

No. 45.—Dug well; cased for 6 feet; level varies 4 feet during year; can be easily lowered;
quality, soft; raised with bucket, and used for domestic purposes; strata, soil for about 14
feet, hardpan of cement and rocks, gravel.

No. 46.—Dug well; walled with brick; depth varies during year; not easily lowered; quality,
soft.

A scientific investigation of further possibilities is very important,
both to develop resources along this line and to obviate further
loss from unsuccessful attempts of this character. The irrigation
possibilities from underground development are undoubtedly impor-
tant, but it is not intended here to emphasize this fact, for the popu-
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lar mind is already filled with very exaggerated ideas of such possi-
bilities. Extravagant estimates of the quantity of ‘‘ underflow” are
rife on all hands, and it is recognized as an important though thank-
less duty to disabuse the public mind of such erroneous ideas so far
as possible. One phase of this general impression is the opinion that
the dry streams which abound in the valleys of Arizona must have a
large underflow because the same streams carry considerable water
farther up in the mountains. It seems to be forgotten that the poten-
tial evaporation in the valleys of Arizona ranges, according to locality
and season, from 5 to 10 feet in depth on the entire area exposed to
such evaporation.

It is the common assumption that evaporation.is much higher from
a water surface than from a saturated soil. The actual data on this
point are very meager, but so far as observations have been taken
they seem to indicate that evaporation is greater from saturated sands
than from the surface of a deep body of water, even though such
sands may appear dry on the surface. The reason for this may be
found in the fact that the temperature of such sands rises much
higher under the action of the sun than that of a large body of water;
also, that for a considerable distance below the surface the particles
of sand or of soil are kept moist by the action of surface tension and
capillarity for a considerable distance above the point where all the
voids in the sand are filled with water. By this means a far greater
area of moist'surface is exposed to the action of the dry air than is
the case with a smooth sheet of water.

But whatever the reason, and whatever the exact ratio the evapo-
ration from a sand bed bears to that of a body of water, we do know
that it is very great, and that if the precipitation of the entire Terri-
tory of Arizona were so distributed as to give the potential evapora-
tion of the climate full play, the evaporation would, even in the very
wettest years, absorb the entire rainfall, and the run-off would at all
times be absolutely zero. That the streams do yield a considerable
quantity of run-off in the aggregate is due to the fact that preeipita-
tion is largely in excess of evaporation at certain times and in certain
places, while at other times and in other places no moisture at all is
exposed to the evaporating influence.

The above-recited facts are abundantly sufficient to account for the
phenomena of many streams having a considerable discharge near
their source in mountain regions and being ordinarily dry in valley
regions, by the evaporation of the water from their sandy beds, with-
out introdueing the hypothesis of a large underflow. The Agua Fria
is a typical stream in point. There are parts of its upper course in
which it is ordinarily a very considerable stream and is never dry;
near its mouth it is ordinarily entirely dry and carries water only
in seasons of excessive rainfall. The idea seems to have been at
one time prevalent that this stream carried a large amount of the
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so-called ‘“underflow,” but the construction of the dam of the Agua
Fria Water and Land Company, a short distance below Frog Tanks,
which was carried down 40 feet through the sands to bed rock, made
little or no perceptible increase in the permanent volume of water
flowing at that point. A measurement was made of the water flow-
ing through the sluiceway of the dam in April, 1896, and this showed
a discharge of only 3.75 cubic feet per second, which is said to have
been about the ordinary flow previous to the construction of the dam.
Another measurement made the same day about a mile above this
point showed a discharge of about 3 cubic feet per second. The
difference between these measurements may perhaps indicate the
increase in the stream due to the development of the underflow, though
even this is by no means certain. Even if the entire discharge of the
stream were considered as developed from the underflow, its volume is
nowhere near commensurate with the cost of development. While
the experience in this case is of course not conclusive with respect to
all other streams, it is an emphatic refutation of the popular theory
that such water as falls in rain must be found either flowing in the
surface streams or underground. Attempts at extensive underground
development should in all cases be preceded either by careful and
judicious experiments or thorough scientific investigation.

The development of underground waters by means of pumps is
greatly hampered by the scarcity and cost of suitable power. In
some parts of the Territory firewood is at present abundant and
cheap, but it is of slow growth, and if extensively employed in irriga-
tion would in time become exhausted. The price of coal is prohib-
itory for any such purpose on a large scale in any part of the
Territory, as is also that of petroleum, gasoline, or any other import-
able fuel. The time may come when some of the many available
water powers in the foothills will be harnessed for the generation of
electricity, to be transmitted to proper points and used for pumping
water for irrigation, but these schemes can hardly be considered at
present within the realm of practical consideration. A few attempts
have been made to harness the winds to this work, but this motive
power, always fickle and unreliable, seems to be especially so in these
valleys; long periods of calm are said to occur during the months
when water is most needed, and it is usually considered necessary to
reenforce such plants with steam or other motive power. Some
development, however, may be expected from nearly all the methods
above mentioned, but for a long time to come they must necessarily
be on a small scale and usunally for individual purposes. .

SUMMARY.

It may be in order here to point out some of the difficulties under
which irrigation has heretofore labored, and to suggest means for
obviating them in future. A glance at the map of Salt River Valley
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(Pl. XXX) will show at once that there has been an enormous waste
of energy in the construction of numerous and parallel canals with
éonflicting claims and interests. On the north side of the river are
the Farmers’, Salt River, Maricopa, Grand, and Arizona canals, to be
paralleled by the partly constructed Rio Verde Canal. All of the land
under the Arizona Canal could be watered muech more cheaply and
with far greater economy of water from the Arizona Canal and its lat-
erals. Most of the labor and capital expended in the construction of
the others has been worse than wasted. So long as they are used in
competition with a larger canal, acrimonious contests over water rights
are the inevitable result, and when all concentrate under one manage-
ment the competition for water rights is transferred from companies
to individuals, and as long as the smaller canals remain in use they
are a fruitful source of waste of valuable water. On the south side .
of the river the condition is, if possible, still worse. The Broadway
and San Francisco ditches, and Tempe, Utah, Mesa, and Highland
canals will be paralleled by a higher canal proposed by the Hudson
Reservoir and Canal Company. Theymightbe advantageously super-
seded by a single large, high-line canal, which would be far more
economical of water, and all the labor and expense of the smaller
canals would thereby be obviated. The greatest evil of the system,
or rather lack of system, heretofore followed in the development of
irrigation along Salt River, however, is the growth of conflicting claims
to water. This has always been productive of vindictive and expen-
sive litigation. Large areas of land have been brought under cultiva-
tion having no adequate water right, and crops have been dried up
and labor wasted, and some areas abandoned, for lack of water for
irrigation. This evilin this particular valley, so far as present condi-
tions are concerned, may perhaps be largely remedied by the con-
struction of storage works upon the Verde and Salt rivers; but unless
means are employed to prevent it the same condition will again arise
when the limit of irrigation is reached under the storage systems
proposed. ,

‘Whatever claims are made to the contrary, it is a fact that the area
of land to be irrigated in this portion of the Territory is much larger
than can be served by any possible water supply that can be made
available for such irrigation. Neither Arizona nor Salt River Valley
is any exception in this regard to the rest of the arid region, but in
Arizona and New Mexico the land and water are both still under the
jurisdiction of the United States Government, and steps should at
once be taken to determine where and to what extent the water
resources can be most economically developed, and no irrigable land
should pass out of the hands of the Government for irrigation pur-
poses except such areas as it may be possible to irrigate. Persons
should not be allowed to obtain possession of the lands to be irrigated
except upon terms involving actual irrigation and cultivation. The
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absurdity and wastefulness of the contrary policy are strikingly illus-
trated by a study of the map of the irrigated areas under the Florence
Canal. More than a hundred thousand acres of irrigable land might
be conveniently served by this canal if it had a sufficient quantity of
water. There are, in fact, about 6,500 acres watered from it, very
little of which lies near the canal, and most of which is in small iso-
lated tracts. To water such tracts in such a manner requires not only
a large amount of construetion upon laterals, which under any rational
system would be unnecessary, but it also involves an enormous loss
of water through evaporation and seepage from the long laterals
required to conduct the water to the small scattered patches of culti-
vated ground. The water flowing through the Florence Canal during
the year 1896 was more than treble that which would be required to
mature the crops grown in that year had it been economically dis-
tributed and applied. .

The following summary of the various conditions and possibilities
regarding the irrigated areas of the Gila River and Salt River valleys
must be taken with a large allowance for error both regarding exist-
ing conditions and future possibilities. It is, however, of some value
and interest as representing in round numbers the results of the best
data at present available to the public.

Summary of irrigation in Gila River and Salt River valleys.

Acres.

Irrigated area in Cochise County_ .. . .. L ... 3,000
Irrigated area in Gila County .. ___ . ... 1,000
Irrigated area in Graham County - ... .l ... 10, 000
Irrigated area in Maricopa County.. ... ... . o el 80,000
Irrigated area in Pima County. . ... oeii e 4,000
Irrigated area in Pinal County .. ... e 7,000
Irrigated area in Yuma County. ... oo oo oo iiaanas 1,000

Total Irrigated ATea .. .. .. .o oot et e 1086, 000

Additions may be made to the above area as follows:
Acres.

Rio Verde Canal project, including New River Reservoir ......_. SR 150, 000
Tonto Basin project ... ;e 300, 000
Agua Fria project, both reservoirs ... ... .o ao. 80, 000
Cave Creek project .. ... N PRI 10, 000
Queen Creek project. . .. .. ..o 5,000
Walnut Grove project- oo .o o e 5,000 -
The Buttes Reservoir. ... ol 100, 000
Oatman Flat Reservoir _ .. 50, 000
Various small reservoirs on tributaries of the Gila_____________________. 50, 000
Underground developments. ... coc oo oo aiae o m e e e 20, 000

X 770, 000
Already Irrigated. .. ... coooe oot e e 1086, 000
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It is believed that these estimates are generous and that it will be
very many years before the above figures are approached in actual
practice. Of course other possibilities exist in Arizona from the use
of the waters of the Colorado and its tributaries other than the Gila
system. This estimate includes only the Gila system, and though the
above figures are only rough estimates, they are suggestive of the
importance to the future of Arizona of some comprehensive system
of irrigation administration based upon principles of broad economy,
and especially of the necessity of an exhaustive investigation of the
water resources and of the most efficient means of utilizing them.

\
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1894.

Report on agriculture by irri%?tion in the western part of the United States at the
eleventh census, 1890, by . H. Newell, 1894, quarto, 283 pp.

. Consists of a general description of the condition of irrigation in the United States, the area
irrigated, cost of works, their value and profits; also describes the water supply, the value of
water, of artesian wells, reservoirs, and other details; then takes nup each State and Territory
in order, giving a general description of the condition of agriculture by irrigation, and discusses
the physical condition and local peculiarities in each county.

Fourteenth Annual Report of the United States Geological Survey, 1892-93, in two
parts, Part IT, Accompanying papers, 1894, octavo, 597 pp.

Contains papers on E'ota,ble waters of the eastern United States, by W J McGee; natural
mineral waters of the United States, by A.C. Peale; results of stream measurements, by F. H.
Neowell. Illustrated by maps and diagrams. g

1895.

Sixteenth Annual Report of the United States Geological Survey, 1894-95, Part 11,
Papers of an economic character, 1895, octavo, 598 pp.

Contains a paper on the public lands and their water supply, by F. H. Newell, illustrated by
alarge map showing the relative extent and location of the vacant public lands; also a report
on the water resources of a portion of the Great Plains, by Robert Hay. .

A geological reconnoissance of northwestern Wyoming, by George I. Eldridge, 1894,
octavo, 72 pp. Bulletin No, 119 of the United States Geological Survey; price,
10 cents.

Contains a description of the geologic structure of portions of the Big Horn Range and Bi
Horn Bagin, especially with reference to the coal fields, and remarks upon the water supply an
agricultural possibilities.

Report of progress of the division of hydrography for the calendar year 1893-94, by
F. H. Newell, 1895, octavo, 176 pp. Bulletin No. 131 of the United States
Geological Survey; price, 15 cents.

Contains results of stream measurements at varions points, mainly within the arid region
%ncll r:((:lords of wells in a number of connties in western Nebraska, western Kansas, and eastern
olorado.

1896.

Seventeenth Annual Report of the United States Geological Survey, 1895-96, Part IT,
Economic geology and hydrography, 1896, octavo, 864 pp.

Contaius papers by G. K. Gilbert on the underground water of the Arkansas Valley in eastern
Colorado; by Frank Leverett on the water resources of Illinois; and by N. H. Darton on a
reconnaissance of the artesian areas of a portion of the Dakotas.

Artesian-well prospects in the Atlantic Coastal Plain region, by N. H. Darton, 1896,
octavo, 230 pp., 19 plates. Bulletin No, 138 of the United States Geological
Survey; price, 20 cents.

Gives a description of the geologic conditions of the coastal region from Long Island, N. Y.,
to Georgia, and contains data relating to many of the deep wells.

Report of progress of the division of hydrography for the calendar year 1895, by F.
H. Newell, hydrographer in charge, 1896, octavo, 356 pp. Bulletin No. 140 of
the United States Geological Survey; price, 25 cents.

Contains a description of the instruments and methods emtployad in measuring streams and
the results of hydrographic investigations in various parts of the United States.

Survey bulletins can be obtained only by prepayment of cost as noted above,
Postage stamps, checks, and drafts can not be accepted. Money should be trans-
mitted by postal money order or express order, made payable to the Director of the
United States Geological Survey. Correspondence relating to the publications of
the Survey should be addressed to The Director, United States Geological Suivey,
‘Washington, D. C.






