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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UniteDd STATES GEOLOGICAL SURVEY,
DivisioNn oF HYDROGRAPHY,
Washington, Januory 25, 1897.

Str: I have the honor to transmit herewith a paper entitled ‘“Irri-
gation near Pheenix, 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 regpectfully, .
F. H. NEWELL,

_ Hydrographer in Charge.
Hon. CHARLES D. WALCOTT,
Director United States Geological Survey.




PREFACE,

The storage of flood waters on a large scale is fast coming to be a
matter of prime importance in conneetion 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-
sity 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 sucecession, farming operations being
continued throughout the year. '

The suecess 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 practi-
cally exhausted. The streams of this couniry 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 evaporation and percolation
into the sandy desert. Itis obvious that by providing suitable stor-
age works the area of land to be irrigated can be greatly increased,
the limiting comditions being praectically the cost of storing water
relative to the value of the crops produced.

The conditions briefly described above are not peculiar fo the vicin-
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 buil}, 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 econditions near Phoenix, Arizona, has an interest not only to the
citizens of that locality, but in general is of value to residentsin other

portions of the Wesh, 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 cut-
lines some of the projects now being constructed. He points out the
great natural advantages of this country, and shows as far ag data
can be procured the facts relating to water supply, evaporation, silting
of reservoirs, and other factors which make or mar projects of water
econservation. _

At first sight the storage of water appears to be a very simple mat-
ter. In popular discussions it is common to assume that the only
steps necessary ave to place rock or ftimber 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 neeessify requires. On carefully examining any propo-
gition 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 affer it has left
the reservoir and is on the way to the land to be covered.

A traveler going over the Terrifory sees here and there almosi num-
berless places where it appears probable that a sforage 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
site, further investigation may reveal the fact that solid rock can not
be found at moderate depth beneath the surface. In ofher 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 thig,
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 impraeticable. This is a very common con-
dition within the arid region, where the drainage lineg, dry for a great
part of the yesr, 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 sccumulate 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 wheg 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-
atices of the coarser. Thus the upper ends of all reservoirs are rap-
idly filled with silt, and it becomes an impertant 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
uge 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 seftled 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 o
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 waber which
are flowing in the streams from day to day and the gnantities taken
out by different canals. These are not only fiuctuating, but the mat-
ter iz complieated by the disappearance of water by evaporation and
the reappearance of other waters in the natural drainage lines by
seepage from eanals above, or from the slow progress of water coming
originally from rainfall aud finding its way gradually toward the
lowest points.

When one has noted the interminable lawsuifs 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 ineredible that
greater care is not being taken to ascertain exactly how much water is
flowing at different points in the natural streams, egpecially in view of
the fact that later large investments are to be made in storage projects.
1t is, however, a lamentable fact that very little attention is given to
this matter, mainly perhaps beesuse 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 erude
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 construetion of storage works, after
their feasibility has been seftled upon, is whether they will pay—
whether the value of the water thus obfained 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 he 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
vield 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 if is neces-

- sary to show that the sforage works will, after completion, pay for
themselves within a brief period; otherwise individual capital will
not be atiracted.

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 info the caleu-
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 consgidered as feasible. Thus it is that a
project which will be condemmued by the investor as worthless may at
the same fime be of the utmost value to the eommunity and one which
would well repay eost of construction if this cost were dlstmbnted
uniformly to all benefited.

The situation in the Salt and Gila river valleys is fairly typical of
that elsewhere as regards the probable profits to be shtained by con-
structing storage reservoirs. Briefly stated, it may be said that the
canal systems already constructed or partially completed cover a
larger area of land than ean be supplied by the average summer fiow
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, buf it is apparent that the greatest
good would result from securing an ample supply of water to the
lands slready partly cultivated rather than indefinitely i mere&smg the
area of poorly watered farms.

If & eorporation contemplates building & reservoir within the Gila
Basin, the first question ig, Shall the attempt be made to sell the water
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t0 lands already under ditch, or shall thiswater be taken to areas now
desert? The former plan would be perhaps the best for all concerned;
but experience has shown that there ig no certainty that the owners of
lands now parfly supplied with water will purchase additional water
rights, even thongh 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 speculators, 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 eultivating a con-
siderable part of their land, hegifate 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 accumunlation of inter-
est and maintenance charges during the period following construction
and before the water rights could be sold to bona fide irrigators.

By the construction of storage works commanding the valley lands,
there mecessarily results an increase in value of every acre even
though water rights have not been purchased, from the fact that
there i a possibility of purchasing thege. Tpon the completion of
such works, there takes place what is termed an unearned inerement
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 transferred from the pockets of the recipients, who have done
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-
gtruct these great enterpriges. 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, iz 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 a2 rate sufficiently rapid
fo prevent the accumulation of such indebledness ag often sweeps
away & newly completed project. The tendenecy is, therefore, to ox-
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 fo lands
already under ditch and partly irrigated.

Some of the best storage projects, however, are so situated that the
water can not bhe taken readily to new areas, and it appears prob-
able that these, although among the most important in the country,
ean 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 distriet organization
in California, where all of the lands receiving water from a given
source are asgessed. IHere it is not necessary to consider whether the
enterprise will be money making in itself. Thus it is possible fo push
forward the comstruction of beneficial works whieh otherwise never

could be builf.,
¥ I N,
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IRRIGATION NEAR PH(ENTX, ARIZONA.

BY ArTtaUur P. Davis.

TOPOGRAPHIC FEATURES OF ARIZONA.

The Territory of Arizona covers approximately 113,000 square miles,
of which about 89,000 lie below the altifude of 3,000 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 Franciseo Mountain, in the northern part, which reaches an
altitude of nearly 13,000 feet. The Territory is sharply divided into
two characteristie portions by the frend across it of the main axig of
the great Colorado Plateau, from the northwestern corner of the Terri-
tory in a nearly southeasterly direction. This platean 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.

T'o 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 gouthern
portion of the Territory is characterized by temperatures which may
be designated as ranging from temperate, along the foothills of the
Colorado Plateau, to semitropic, 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 Uolorado 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 perviousto wabter. Itsnorthern slope for a considerable digtance
from the swmmit is very gentle, and though the precipitation is greater
than in mest portions of the Territory, it is very meagerly marked by

i5



16 IRRIGATION NEAR PHENIX, ARIZONA. o, 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 conrse, 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, ete.

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 gurface.
Onee underground, its egress fo 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 Platean, ifs 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 & mean of
twenty years’ observations, is 18.75 inches, the elevation heing 5,050
feot, 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 is an important fact, especially when taken
in conneection 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 deseribed, and which constitute the main features of the great
@ila river system.

GILA BASIN.

The drainage area of Gila River, including a number of small lost
basins which are topographically tributary bub 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 -
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the United States are distributed, with respect to elevation, approxi-
‘mately as follows: .

Distribution of area of Gila Basin by altitude.

Per cent Arep.,

Elevation. of area BQUATS

of basin. miles,
Under 1,000 feet. ... oot 8 §,400
Botween 1,600 2nd 2,000 feeb ... ... 19§ 18,500
Between 2,000 and 3,000 feet ... . _.._. 16 | 11,400
RBetween 3,000 and 4,000 feeb ____ . ... 14| 10,000
" Between 4,000 and 5,000 feet .. ... ... 15 | 10,700
getween 5,000 and 6,000 feet .. ... ... 12 8, 500
" Between 8,000 and 7,000 feet ... ____.__ 8 5, 600
Over 7000 feet - .o omv e o 7 4,900
) ) O 100 1 71,090

Giils 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, P1. XX X)) may be
taken asincluding all the territory adjacent to Salt River from itg 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 ofher
tributaries. The Lower Gila district may be taken as the portion
lying below the mouth of S8alt 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 digtrict includes the valley in the region of
Camp Thomas and Solomonsville and the tributary mountainous dis-
tricts. In addition fo these main divigions 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 eonditions in their relation fo haman
life and comfort ars by no means a8 unfavorable as they might appear
to persons comparing these tables of temperature with those of gome
Kastern localities. For about eight months in the year the tempera~

. ture of this valley ig delightful. Cool nights, bracing mornings, and
IRR Z——=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 physiclogical effect of this heat iz markedly modified by the
aridity of the climate. 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 can not occur; and in those
porfions of the country where the bumidity is comparatively high
guch 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 guick evaporation of the moisture and the consequent suceess of
nature in its attempt to prevent uncomfortable and injurious bodily
temperature. In southern Arizona these favorable condifions 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 gultry, sticky days
so common in the East are unknown in Arizona.

The principles 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 shord 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 time 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 comparison 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 swmmer ig, therefore,
far from being as uncomfortable as might be supposed, and the delight-
£al 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
execeptionally healthy and especially beneficial o those ﬂuﬁermg from
bronchial 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,
&lassford and published in a Reporiz on the Climatology of the United

- Btates, 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 geason, but may be stored for use in the
following year. Precipitation oceurring before this date may usually
be ufilized the same year, especially if storage is provided.

No arbitrary line ean 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 eages 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
convenienoce 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
aceount of the erratic nature of Arizona rainfall, which is peculiarly
marked during the summer rainy season. Thisseason is eharacterized
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 one-or more storms of
this character, or being avoided alfogether, agislikely to occurin a short
record, may give results that will be very misieading. Forinstance, at
Fort Lowell, which is but 9 miles east of Tucson, and only 4 feet lower,
there fell during July and Auguet, 1878, 0,60 and 7.88 inches of rain,
respectively, while at Tuesor during the same months the rainfall was
5.72 and 4.71 inches. Buch diserepancies would probably disappear

YRifEy-frst Congress, 23 session, H. B, Ex. Doe. No. 287, Irrigation and Water Stora,ga in the
Arid Begions.
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in the average of a long series of observations, Very short reeords, on
scoount of the great secular variations even in eouniries of greatest
aniformity, 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 Iittle, if any, value, even when & long
record exists in such gituation that a comparison of its mean with that

of the short record may be made.
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F1g. 1.—M¥ap of Arizona, showing location of rainfall stations,

Tn. & region like Arizona, where the water supply bears such o vital
relation to ite prosperity, and where, moreover, the mesns 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, Decome val-
nable for determining the actual rainfall to be expected in any par-
ticular locality by means of a short record embracing four or five
years. The comparison of such short record with the synehronous
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 a similar manner a comparison may be
made between the meagured discharge of any given stream and thesyn-
chronous rainfall at the old station, and in a few years a relation ean he
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 resuined.
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 precipifation in the various portions
of the bagin. A short record at Pinal ranch, not hitherto published,
is algo included. These records are confained in the following tables:

Record of precipitation of Fort Whipple, Yavapat County.

[Latitude 34° 5%, longitude 112° 28'; elevation, 5,388 fect. Authority, United States Hospitel
Service and Weather Bureau.]

Year. |Qept.| Oct. |Nov.|Dec. | Jan, | Feb. | Mar. | Apr. | May.|June. July.| Ang.| Total

189867 _ 1 3.65 | .57 | 0.08 | 0,31 | 1.72 | 1.16 | 8.00|0.06 | L.17 | 0.00 | 2,70 [ 2.88 } 2L.8D
IBGTBR. e 0,10 | 0.20 | 2.20 | 2.97 | 5.80 | 0.50 | L.€0 |..... 0.00 | 6.36 | 272 j.mvnocnne
1888-60__.1 0.80 | 0.55 1 1.50 | 440 | 0.8D 3 082 | rvunu]evarac]ommmnnornons S PR PO
186070, |[1.081} 1.40 | 1.45 | 0.00 | 0.00 | 1.20 | 1.69 | 0.26 | 1.3 | 0.24 | 7.98 | 8.4b | 10.02
1801, 000 L 159 10,30 [ 0,58 | 0.70 { 101} 0.40 | L.92 | 0.47 { .00 1 4,00 | 1.80 | 12.42
18r1-r2. i L5t [ Laolose oo loso | nap]ote| le2 | 147 |L2e|874]625 ) .Y
192 1006 | 0,26 0.00]0.64 [ 0.00] 100} 0.23]0.17 §0.40 | 042 [ 186|478 848
W7 | 0.50 | 0.0010.80 | 2.55 ! 5.51 {568 | 358 L0 | 0.85 | .00 | 5.7 | L3 2B.08
T I SR 1 IR0 1 3 PO SR U FRRE ST P 0.00 0,00 | 5.92 | L85 |ovennnan
187676, 0.77 1 0.00 | 0.18 { 0,63 | 4.60 | 0.01 | 0.83 | 0.51 | 0.52 [ 0i25 [8.%8 | 451 ] 16.00
187807 L 0.72]0.03]0.00] 0.00 | 0.35 | 0.56 [ 0.40 L5y [ LE2] 000 {LR9 0] V0L
i wgrre. 242 | 981000288 | 0.2 | 2.0 0.48 | 286 | 058 | 0.58 ] 0.90 | B8k | 1850
18780, 0,61 | &60|0.48 | 1oz |00l 004 | 0.05] 003 0.00 | 0.05 ] 187|280 | 818
167050, 0.68 | 0.7 | 1.58 | £.20 | 0.85 ] 0,16 021 | 0,52 | 0.0D ) 0.04 | 2,34 | 2.80 ¢ 1818
198091 | 1.26 | 0.28 | 0.4z | L.8¢ [0.38 [ 0.70 ] 2.00 067 | 0.42 | T. | B2 |BBB [ 18.48
1881-22. | 160 { 0.83 | 0.80 | 0.83 [ 2,583 | 2.04 { 0,00 { 0.25 | 0.45 { 0.47 | 1.64 : 8.34 | 1B.&0
188 |o57]0.99] 155 |o.opiost| 068|288 | 0.8 | 0.05| 000820 328 1834
wag et |osstiow! w450 ess|sst]lez 145032138 LEY B
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Record of precipitation at Fort Whipple, Yavapai County—Continved.

[Latitude 34° 33/, longitude 112° 28'; elevation, 5,589 feet. Authority, Trnited Btates Hospital
o Service and Weather Buresn.]

Year. Sept.|Oct. | Nov.! Dec.| Jan. | Feb. Mar.: Apr. ﬁa?.lJune. July. | Ang.| Total.

188485 .| 0,90 | 1.42 | 0.16 | 5.5% | 0.08 | 0.48 | L.47 | G.62 0.837 10,07 | 255 1.24 | 14.99
188566, 0.11 | 0.38 | 2.46 1 0.82 | 5.98 | L.15 | 8.04 1.18 | 0.03 | 0,00 | 0.61 | 4.41 | 18.88
1sasgy...| 0,46 | 0,23 | 1687 T.| T |812] T.|RE7 0.43 | 0.57 1 2.64] 0.7 | 12.41
188786, 4.88 | 0.05 | 1.57 | 0.82 | .30 | 1.68 | 1.66 | 0.52 | 1.86 0.00 | 2.40 | 142 1B.85
188880, 0.62 1 176 | 3.18 | 2.94 1 1.73 | L85 [ 291 ; 0.18| T. 0.02 | 1.45 | 1.51 | 17.65
1880-90_.. 2,11 | 1.76 | 0.42 | 7.88 | 2.29 | B.02 | 1.5 | 6.86 | 0.0 0.06 | 2.19 ; 2.67 | 2428
1800-01. .. 148 [ecvaucfocnmclomenes 060 | 506|086 | T |0.27]0.060{L66]8.0%-cun -
1801-02.. | 1.48 1 0.0070.60 { .19 | 1.68 | 164 | 1.01 | 0.58 ; 0.85 | 0.60 Ly4 204 184
1802.03.._| 0.34 | .41 | 0,00 | 0.61 [ 1.18 | 0.47 | 5.28 | 0.00 { 0.88 | 0.00 1.51 | 4.80 1 18.56
169364 0.5 1 0,35 | 1.16 | 0,78 | 0.80 | 0.30 | 0.88 | 0.00 | 078 T, | 1.18|3.88 | 933
10405 | 0.45 | 1.97 | 0.00 | 343} 4.87 | 0.58 | T, | 0.25 | 0.50; 0.00 0.8% ; 3.58 | 15.33
180596, 0.08 | 0.24 | 5.50 | 0.50 { 0,55 | 0.20 | 0,81 | 0.85 | T. | 0.14 470 | 281 | 18,78

Mern..] 108 ] 0.66 | 0.86 175 | 1.44 | 1.10 | 1.56 | 0.81 ; 0.59 0.15 | 2.97 | 2.85 | 16.06

-

Record of precipitation at Fort Verde, Yavapat County.

{Latitude 84° 82/, longitude 11i¢ £ elevation, 3,160 feet, Authority, Signal Bervice and United
States Hospital Bervice.}

Fear. Sept.| Oct. | Wov, | Dee. | fan. | Feb. Max. | Apr. | May.June. July. Aug. Total.

RBBBY. - |- efereeenf o 0.27 | 0.84 | .72 | 1.60 | 0.09 | 0.03 | 0.88 | 0.07 | .26 oecooo..
1869-70..| 0.00 1 0,62 | 4.04 | 0.00 | 0.50 } 0.01 | .50 | 0,15 [ 0,00 | 0.22 | 5.06 | 0.89 | 8.39
187071 | 0.00 | 0.60 | 6.10 | 0.58 { 0.20 | 0.00 | 0.04 | 0.75 | 0.00 | 0.00 | 0.84} 0.26 | 3.35
18717 | 1.00 | 1.10 ] 0.80 | 0.26 | 0.47 | 1.12 1 0.16 | 1.56 | 0.5¢ | 0.22 | 2.22 | 4.85 | 18.39
1872730 1.12 | 0.10 | 0.00 | 0.83 1 0.00 | 1,16 [ 0,00 { 0.00 } 0.15 | 0.20 | 0.14 | .62} 6.2
187374 | 0.96 | 0.00 | 0.74 | 8.5 | 2.65 | 2.05 | 1.05 | 1.48 | 0,08 1 0.00 | 1.88 | 2.48 | 15.93
187475, | 0.00 | 1.45 | 5.52 | 0.65 | 291 ! 0.05 | 0.80| T.|0.08|0.00 8.3 | 201 | 1420
w6 | .35 | 0,00 0.65 | 0.13 1 2.08 | 0.5 | 100 | 0.75 | 0.00 | 0.98 | 581 12.08 } 25.06
1578|240 | 230 | 015 | 0.00 | 0.70 [ 0.51 [ 0,89 | 0.85 [ L70 | 0.00 | 0.70 | 0,41 10.42
15176 2.08 | 0.45 | 0.05 | 2.28 [0.24 | .12 | 184 | 175 { 0.16 | C.08 | 2.0 | £.60 | 16.56
187879 ) 0,98 1 0.60 | 0.85 | 1.22 | 0.20 { 0.14 | 0.00 | 0.10 | 0.60 { 0.00 | 0.97 | 0.58 | 4.52
1870-80...| 1.40 | 0.25 | 2.40 | 8.03 | 108 | 0.13 | .30 | 0.27 | 0.00 | 0.16 { 1.85 | 0.07 | 182
1580-81.. 0.19 1 0.57 | 0.18 | 1.56 | 0.07 [ 0.12 264 | 0.97 | 0.0 | T. |L4L|T.B8 15.28
188162 1.as | 0.20 | 0.21 | o.2v [ 272 | 098 | 0.00 | 0.08 | 019 | 185 | 125 | 118 | 10.22
1882231 2.16 | 0,25 | 178 | 0.07 | 0.44 { 1.35 | 1.63 | 0.12 [ 6.27 | 0.04 | 8.35 | 114 | 12.55
198384 .1 0.00 | 0.45 1 0,00 | 4.30 | 0.30 [ 5,50 | 8.60 | 1.48 [ 0.72 | 0.23 : 0.10 | 124 | 16.14
1884-85..| 0.68 | 0.84 | 0.15 | 4.6 { 0.00 | 0.80 { 2.25 | 0.69 | 0.19 | 0.05 | 0.8¢ | 8,01 | 1415
1885-86.._1 0.03 | 0.61 | 1.88 1 0.52 | 1,90 | 1.48 | 2.09 | 0.82 1 0.02 | 0.01 | 0.18 {1 818 1272
1886-87._| 0.20 | 0.13 | 0.55 | 0.60 | 0.04 [ 0.78 [ 0.0 | 0,88 [ 0.60 | 0,18 {3.11 | 2.06 | 0.75
188788, | 4,72 | 0.00 ] 1,87 | 0.87 | 0.96 | 1.56 { 1.78 | 0.43 | 0.96 | 0.00 | 2.21 | 0.73 | 15.59
198580 1 0.56 | 4.47 | 2.80 | 5.15 1 1.95 | 0.25 ] 1.86 | 0.00 | 0.00 | 0.02 | 810! 0.75 | 18.71
1889-80__.1 1.60 | 1.74 | 0.08 | 5.08 | 1.59 | 1,07 | 1.85 | 0.82 { 0.01 | 0.00 | 1.83 | 2.80 | 18.17
1890-91_. ] 6.56 |FL. BOT[B.851|[L. 723 cevms o rvmoe e emrbmocmenfmwmne | momedeceans oo

Wean. | 1051 0.76 | 118 | 158 | 0.96 ] 0.96 | 1.10 | 0,62 | 0.28 | 0.21 | 3.8% ; 2.84 18.%4
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Record, of precipitation at Fort MeDowell, Maricopa County.

23

[Latitade 83 3, longitnde 111°3%; clevation, 1,250 feet. Amthority, United States Hospifal
Borvice and Westher Burean.]

Year. |Bept.| Oct. |Wov.| Dec. | Jan. | Feb. | Mar.] Apr. | May.June. July.| Aug.| Totel
1886-67...0 1,631 0.25 1 0.06 1 0,10 [ 0.88 1 0.16 1 2,11 | 0.03 | 0.60 1 0.00 | .97 | 1.18 .87
1867-68...| 1.62 | 0.08 | 0.29 | 6.70 | 2,701 1,60 0,70 |[1.001] 0.00 | 0.00 | £50 | 170§ 18,84
186869, .00 ] M {001 | 0.00]0.64]26016.00]0157 T. 0101040130 8,01
1860-70...10.00: 0,00 | 2.5 (0551 T. 0601065 T T |0.70:0.90;1.98 7.53
1870-71..10.22 1 0,48 1 0.00 ] T.|0.25(0.40]0.60 040 T.| T.j016 %08 3.5
1871-73...10.20 10,001 1.85 1 0.20 [ 0.50 | 0.40 | 0,00 | 0:53 | 0.20 [ 0.81; 9.18 | 7.17 | 2002
8218, f0.68! Toloeo ! Ls8[6.00| 1600900061038 T T |0.58 4.86
1878-74...1 0601 T 10.21 47083028 |1.06]1.800.30|0.00]1.8 |60 | 1688
IBYATS. 1 0.08 | 111 1 2.76 ) 500 | 1.40 ) 062 T. | 0.10 T, | 0.00 | 0.76{ 0. 46 8.85
1875-%6...1 1,00 [ 0.00°[ 0.00 | 0.64 § 0.70 | 0.10 | 0.40 T, 10,60 1.00(3.25 | LY0 8.79
g |oop| P.| o058 i0.0011.08]2.24) 044050104000} T.| 008 5.94
1877-78...[ 1.52 | 0.38 | T.i2312]0041,584] 1.1813.20 T T.o10.86 1 LET | 12.4
1878-79...| (.98 0,60 0.99 | 1,58 | (.50 1 1.22 | 0.60 | 6,201 6.00 } .00 1012 8.17
1879-80...| 0.34 [ 0.58 ; £.14 | 2.64 | 1.56 | 0.38 | 0.50 | 0.88 | 0.00 ] 7. 0.52 0.84 0,88
1880-81...] €.84 [[0.40}: .00 [ 1.69 T, T.i1.46 (0221012000116 |8.88 897
1881820610 M08 | T.|a22|emi000| 1070|0356 0,40 L52 7.88
1882-83...0 184 | 0,001 138 | 0,00 | 0.5% | 0,78 ; 0.42 1 0.00 | 0.28 | 0.0¢ { 1.12 ; L.76 7L
18583-84...1 0.82 | 0.80 | 0.06 | 4.22 1 0.83 1 497 [ 3.47 | 0.58 1 0.45 | 0.09 | Q.08 1 1.25 | 15.52
1884.85...{ 8.96 | L33 | 0.456 | 4.54 | 0.60 | 2.50 0.60 | 0.00 { 0.00|0.00|0.0070.90 ] 14,38
1885-86...0 0,006 1 0,40 | 175 11,25 | 8.85 | 1.60 | .50 | ', | 0.00 [[0.007] 0.00 | 0.62 | TL.BT
1886-87_ .0 T.10.27]0.4410.3010,00(0.86|0.00;068 | T.|000]006]|L54 4.15
18B7-8B. .1 4,11 | 0.48 1 1.82 | 0.97 1 0.87 | 0.72 1 0.62 1 0.14 | 0.40 | 0.00 | 0.86 ] 6.17 | 0.9
1888-90 _ 10,85 [ 2821 1.40 [8.47 {285 | 077 0.14 [ 0.09 | 0.00 [ 0.06 | .62} 0.20 | 12.05
1880-00_ .1 0,61 | .31} 0.73 [ 5,81 | 0.80 | 187 | 0.96 [ 0.55 { 0.00 | 0.00 | 1.10 | .55 | 1438
I800-91_ .1 0,86 | 1OV ieveroefomeees]ommomeccre fom e e e e [ e e
Mean_...| 0.04 | 0.45 | 0.8 | 176|108 | 124 | 0.74(0.42 1 0.13 | 0.12 } 1.26 | 1.48 | 10.39

Reecord of precipitation at Fort Apache, Navajo County.

Tatitude 380 4%, longitnde 100° 51'; elevation, 5,050 feet. Amthority, Bignsl Service and United
States Hospital Bervice.l

Year, |Rept. Oct. | Nov,| Dec.| Jan. | Feb. | Mar. | Apr. | May.Vune.|July.| Aug.; Total.
P E: 7% 1 SN I ORI ORI AT 0.92 11722021 0.08 10.26| L.0Z215.20]2.52 |-vremroes
1876-77...| 2.00 | 244 | 1841 0.22 | 0.86 | 0.4 [ 0. 72| 0,865 115 | 0.00 | 8.11 | 1.20 | J4.44
1898, 10,99 (0.8 10,10 | 2.07 018 1 186} 2.41 .77 10.18|0.99|8.76|0.33 | 2.8
187870 10.76 16,00 1.94 | .74 | L85 | 117 | 0081 0,12 { 0.60 [ 0.05 | 8.92 | 8,06 | 1408
1879-80._ 1 1.52 1 2,64 | 170 | 241 11,81 | u.05 | 0.80 [ 0.46 | 0.00 | 0.46 | 5.83 | 1.44 | 18.5%
188081 [ 0.55 1 0.56 | 0,05 | 2.88 | 0.20 | .17 [2.45 1.58 [ 0,85 T.[568|8.81; 2816
1881821 5.41 1 4.68 | 0.85 | 0,54 1282 (2.8 |1.09210.91 | 0,94 82T 1 4.TH| V.88 3551
188283 1 L02 0 T. (25840231085 (246203022 |0.8{002]5.4614.26} 1875
1885841 0.60 | 1.80 | 0.02 1 3,48 | 0.68 | 8,43 ;4,44 | L.67T | L.BL [ 2,85 | 0,14 [ 5.59 | 25.19
1884-85. .| L50 [ 2.02 | 0.82 [5.52 [ 0.52 | L0 i 205|052 [ L2 | 0.828.60:38.16| 2165
1885-86...01 0.44 | 0,88 | 1.56 | 1.41 1 3.90 | 2,781 1.0610.02[0.00{0.19 [ L9 {475 | 18.28
1886-87...1 8.16 | 1.66| 0.66 | 0,24 | 0.59 | 216 | 0.04 | 0.82 [ G615 | L.70 | 8.2 | 8.82 | 1828
1887881223 | 0.55 [ 1.8 | 0571 1.42 1 1.83 | 2.92 1 0. 71 {071 | T, | 8.24 ([L.00)| 1T.01
188580 __[0.32 | 1,231 2.68 | 2,88 2.24 { 0,88 | 1.85 | 0.47 1 0.00 | 0.11 | 2.87 | 2.87 | 18.15
1889-60___[1.02 | 0.46 1 0.55 {1 3,95 | 2.26 | 2.40 1 0.82 | 1.82 | 0.00 | 0.00 | 5.00 | 4.4 | 22.82
180091 J2.87 | 217 2.8 (362 1654000 0.8 T.[0B8] B 272|122 4.8
1891-92...0 1.B1 1 0.00 1 0,09} 0.65 | 0.65 [ 2.20 | 2.22 [ 1.96 | 0.86 1 6,15 | 1,88 | 1.80 | 1Z.1%
18682-93...1 123 | 055 [ O.57 1 0,601 0.28 | 1,30 [ 2.45 | 0.00 | 218 [ 0.00 | 2.57 | 3.43 | 15.85
180894, . 1265 10041028 1 0,10 1,24 0.06 11,866,191 0.7 3060112 | 501; 1880
80405, | L3247 0.00 (281 L8 06721062 B [LO0|0.0L}0.74 | 54| 1642
189566, 1 1.68 | R02 {289 (1.12 | 0.8 1 0,83 ] 0.85 | 0.84 [ 0.00 | 0.52 1 4832 | £.80 | 19.08
Mean. | 168 (L85 [ L18 | LYy [ 1.28 .74 | 1.55 | 0,621 0.56 [ 0.55 |8.56 400 | 1875
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Record of precipitation at Pinal Ranch, Pinal County.
[Latitade 38° 25, longitude 110° 58'; slevation. 4,460 feet. Aunthority, Irion snd Craig. ]

Year. |Sept] Oct.|Nov.| Dee.| Fan. | Feb, | Mar.| Apr.| May. June. July.| Aung,| Total.

1207 B S D (R, FRPRRON) DUV FEPUUOR FRROROY RGN DUUpPios FYRI) PR 000 0.8 |
1892-63...] 0,15 | 0.90 | 0.43 { 0,99 | 0,82 | L.57 | 5.21 | 0.00 | 1.44 | 0.00 | 2.86 | 5.60 ¢ 38.18
1893041 £.13 | 0.60 | 166 | 0.83 | 1.23 [ 1.81{ 1.98 | 0.00 | 0.14 | 0.60 | 1.53 | 2,87 | 16.33
i894-95...) .32 | 118 | 0.00 | T.YT | 7. '1.06 | 0.81 ] 0,00 | 0,36 | 0.00 | 0.68 § 5.88 ; 2480
1895-65._ | 2,04 | 4.8 | 5,33 1 152 | 110 [ 0.18 | 1.65 | 0.50 | 0.60 | 0.24 | 4.0£] 200 | 23.6¢
1BUB07_ .. B.47 | 8,42 2.85 [ 113 |oervecmincdfommrnn v e b e SEPRPIPITY PRSI U

Mean. | 2.08 | 2061 1.05 | 2.45 | 2.65 | 1.16 | 213 | 0.13 | 0.48 | 0,06 1 1.63 | 3.23 | 20.46

Record of precipitation at Pheniz, Moricopa County.
[Latitade 53 287, longitude 118° 00; elevation, 1,088 feet, Authority, Weather Buread.]

Yenr. |Sept.|Oct. |Nov.| Dec.| Jan. | Feb. i Mar. | Apr. | May. | June. July.lAug.| Total

1875-T8 .| csufensinalucavrnb e menan ] cciuen 0.82 | 0.27 | 0,00 § 0,00 joouacn]inunnn FLOOY - ceeeae
1876-77...| 0.80 | 0.72 1 0.0 ] 0,00 | 0,80 § 1,63 | 0.31 | 0.60 | 0.00 { 0.00 {[L.ODY Q.OZ | 5.18
W8, 1,11 | 0041 6.08 | 0.45 | 0.07 1 1.07 { .96 1 1.25 | 0.04 [ 0.00 | 2,40 | 163 | o.08

1878790 0.10 1 0.00  0.27 | .64 | 0.07 | 0.75 | 0.38 | 0.07 | 0.00 [ 0.0D | 0.5 | 0.67 | 3.58
187980, .60 [0.2r 168 | Las | L1608l 02 | 015 000 | 040 | LIS 072 831
188081 0.67 | 0.20 | 0.00 | 1.61 | 0.00 | 0.20 | 1.46 | 110} 0.12 | 0.00 | 208} 210 | ©.58
188182 .. 1.04 10,25 | 0.86 | 0,18} 1.62 { 0.17 | 0,00 | 0.00 | 0,00 [ 0.37 | 0.32; 1.81 | &.10
182880 125|010 1.0 | 000 ] 088 [ Lar (116 ] T | 0.44 | 0,00 0.07 | 00T 6.40
188884 | 0.00 | 0,20 | 0.00 | 556 0.16 | 2.46 | 2.74 | 0.40 | 0,01 { 0155 0,07 | L84 | 10.79
i8sees 150 | L1z o2l 000047038 000065 0.0 018071 T.68
1885-80...| 0.07 | 009 | 001 | 0,82 | 182 ) 1,25 1 1851 0.2 | 0,00 | 0.00} 005 | 0.58} 6.75
1886-87.. .45 {058 632 ] 007 [ 0,00 ] 028} T.|0.75]|0.080.00 . ... SRR [

188788 b leiis e 1011 DN RN 0.01 ] 0.80 | 0.00 | 0,38} 0.27 |-ocoeeee
1888-69...} 0.23 |12.80] 1.10 [{8.003}. ... SR M RO 0,00 [ 022 [ 0,86 ] 197 |ocmmrinne
1880-90...1 0.80 | 0.90 | 0.77 | 8.88 | 0,05 | 0.52 | 1.18 | 0.5L | 0.00 |-oeenefemenn]--
W | .00 | 0.33 | .85 | 2.20 | 0.66 | 0.76 1 0.15 | 0.00 [ 0.00 | 0.00 |-....__..

1892-93...1 0,00 | 0.00 | 0.00 ] ©.00 | 0.00 1 0,00} 0.46 | 0,00 { 1,00 | .00 | 3.0 [{1.42]) 6.03
1893-94...] 0,00 ] 0.00 | 0.80 | L.00 | 0,00 L 070 [ 0.62 | 0,00} 067 { 000 0.97T | D79 475
18485 .. 015 | 0.7 { 0,00 | 148 |- cvrmndommoan|umrans {125 NP PRSI DRSS PR R P
188598, ] v aeia ]| mnins 1223007 |0.48 [0.60 10,281 000]000]0.00 866105 |.crnreen

Mearn..| 0.54 [ 0.51]0.48 | 1.44 | 0.57 | 0,83 | 0,721 0.20 | 0.15 | 0.07 [ 1.03 | 0.7 | V.60

Reeord of precipitation at Fort Bowie, Cochige Clounty.

[Latitude 82° 12, longitude 108° 20'; elevation, 4,781 feet. Authority, United Htates Hospital
Service and Weather Burean.]

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

321 SR (RPN RV R SRR P S B VN SEURTNS N, S JR, A 7
1987-68...  L.vo| T | 0.80 | L6428 | 1.30|0.000.70 | 0.50 | 0.60 | .15 | 2.40 | 18.€8
186889 3.351 T [ 0.7010.00{0.10]3.50 | 0.5010.35 | 0.00 | 0.40 | 1.30 | 5.60 | 1529
188570, 0.20] .| 146} 0.15]0.800.680.50 | T, 0,00 0.80; 450|543 | 13.81
1870-71...| .00 | 0,08 | T, | 1.00 | 0.50 [1.00]](0.50]([0.60]| 0.18 | 6.80 ) 7.90 | 2.80 | 15.58
1871-92_..| 1.00 | 0.70 | 0.90 J1.25]{[0.403{[0, 501} 0.00 | 0.25 } 0.20 § .04 | 1.67 |-8.88 1127
wwers. o Tloiws|2es 000 L1 |22 TjL09]014 0501 L8] 0.8
1B73-T4...| 0.01 1 0.68 | 1.12{ 2.02 | .83 | 5.40 | L.50 | 0,85 | 0.00 | T | 2.63 8.2 1854
187475 0.08 [ 1,401 1451 0,46 | 1,35 1120 0,131 0.13 | T. 1 0.85 | 4281 LT 12.82
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Record of precipitation at Fort Bowie, Cochise County—Continued.

[Latitude 820 12/, longitude 109° 20’3 elevation, 4,781 feot. Awuthority, United States Hospital
Service and Weather Burean.]

Yenr. |Bept.| Oct. |Wov.|Dec. | Jan. | Feb. Mar. | Apr. | May. Junelduly.| Aug. Totel.

187676, 3,19 | 0.00 | 0.25 | 0.83 | 0,80} 0.45 { @48} T. | T. 205} 455 4.60 | 16.40
{ 18r6-47...[ 1.95 | 0.73 | 0.4 sooloitlaroloiziod o]0 |12s;018) 830
q 187r-¥8_..] 1,16 | 0.00 | 0.00 | 2.04 |{0.50] 0.50 ! 2.88 ] 1,00 0.20]0.20 | 402 7.44| 20.70
il 1sve-ne...| 0.07 | 0.07 | 150 | 1,08 | 3.00 | 0.63 § 0.40 § 0.02 | 0.00 000101020 T.90
1870-80. ..  2.00 [ 060 | 0,30 | 0.50 | 0,25 | 3.40 | 1.45| 0.15 | 0.00 } L.50 | 4.60 087 1872
4 tese-si . l1as{or0f00s!0.82i0.00)0.20! 050005010 0.06 5.53 | 8.16 | 14.81
1681-82. .. 2.27 | 115 | 0.58 { 0.03 | 0.90 | 115 | 1.51 | .26 | 0.71 | 1.89 | .38 | £.84 18.37
1880-83_..| 1.51 |[0,003] 1.%0 | 035 | 140 [ 1.53 | 2,84 | 0.00 | L.BO0 0.8 | 2.21 ] L78| 1508
4 1883-84... 072 | 0.20 | 0,89 {112 | 5,14 | 4.96 | 263 0.00} 0.23 | 0.12 | 0.85 2.44 | 16,60
i 1384-85._.| 0.62 | 8.88 | 0.42 | 6.41 | 0.58 | L.6L | 219 0.60 | 0181 0,88 11881 2,10 20.43
1685-88..[ 0,44 | 0.00 | 1.42 1 174 14,24 £.88 | £.48 0.07 1001 | 421} 224|246 2%6.22
1 is88-87.. | 1261036 0.74{ 015|013 211 {000 0.23| T.{L30| 449 551 16.28
1687-88,..] 2.7 { 102 | 1,10 | 194 | L11 | 150 [ 1.02| T.!0.468] 053|250 1.87 | 1815
1888-80_.| 0.21 [1.59 | .05 | 212 | L.58 | l.e2{Ls8f T. 000 (60 2,08 10.201 18.78
1889-90..1 .37 |o7e | T 011078 [0.23]0.08|0.59 | 0000 T} 497 4.06; 15.28
1eo0-61.. 1ve | 160|081 | 2451060 236 | 0.05 | 0.00 ]| 538 ] T. 0.2 100 | 1288
1891-82.._| 0.61 1 0.001 0.00 | .28 | 081 | 3.86 | 1.62 | 041 | 0.00 | 0.60 | L.12 | 285 12.84
1892-03._1 0,00 | 1.80 | 0.80 | 0,60 | 0.40 | 6.80 | 2.70 | 0.00 | 0,80 | 0.00 | 3.69 | 3. 411 1400
100294, 1 1.06 | 0.041 007|025 {085 2.6 | Lorloel] T.f T |LOT| 480 1LBY
180485 .| 106 | eevn]eennnn (R TRV DSURUUON SIS ANUSUUR SN FURUE [VRRRSS BETRIS PR TP

Menn..|1.26 | 0.50 ] 0.65 | 125|104 11,61 | 128} 0.19 | 0.50 | 0.81 | .08 %951 16.02

Record of precipitation at Wileox, Cochise County.
[Latitude 3%° 20, longitude 109° 42'; elevation, 4,164 feet. Authority, Weatheér Bureau.]

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

[ 1880-81..nfevvnen 0.0 0.00 | 040|002 00029 T |000[0.00] 897517} 1255
1881-82.._| 0,06 | 0.00 | 0.00 | 0.00 {0507 115§ 0.00 { 0.00 | 0.00 |{6.60}; 0.11 ; 8.46 1 &.22
188083 [ 1,56 | 0.00 | 0.58 | 0.82 | .25 1 0,81 | 0.41 | 0.00 | 0.85 | 0.03 | 156 3.15] 9.50
188384 1 0.04 10,80 0,36 | 0,09 | 0.80 ] 161 | L.Y5 | 0.00| 0,00 | 0.0 | L.IT 154 880
1884-85... 0,14 | .56 | 0.25 | 3.4 0.05 | 0.63 | 1.52 1 0,08 {0.20]| 0.34 | L7B | 210 | 1412
1885-86._.| 1.11 ] 0.00 | 0.56 | 0.19 {8.007i {160} 0.15 ; &.0L | 8.00 ) T. | 0.87 214 853
1986.87.. 1188|038 | 058|008 | T | LS |0.00)0.08 | 0,48 | 0.47 | 3.8% 5.81 | 1464
1887-86...1 2,06 1 0.45 | 0.22 1 0.92 | 0,86 | 1.21 | 1.13 | 0.03 | 0.14 | 0.08 | 3.88 0.42} 1160
1688-85__ 1 0.50 § 116 | 1.86 | 1.87 | 1.81 | 0.90 { 1.03 | 0.04 | 0.00 | 0.13 4,91 | 0.97 | 14.20
1880-00.. |26 1088 ! T 0.82| 2611085 [0.22}0.63§0.00]014]2064) 520 15.15
1800-91..1 1.97 | 0.54 1 0.45 | 0,72 | 0,54 12,48 | 0.26 | 0.00 | 0.87 jO.07T | T. |2 19 6.5
1891021 0.22 1 0.00 | 0,00 0.85 | 0.05 | 1.45 | 0.54 | 0.25 | 2.02 | 2.00 ] 0.97 [ 0.8¢ ) B.50
1802-03... 0.5z lneol oo ler | veo | 0.30] 0,70 | 0.00 | €.50 | 0.00 | 1.74 1.og| 4.65
180504 0.93 1 0.00 | 0.00 | 0.00 | 0.50 | 1.8V | 0.77 § 6.00 | 0,60 | 0.00 ] 0.00 ) L.&2 5.0
1804-95...| 0.27 { 0.8 | 0.00 | 067 | 0.11 | 0,00 | 0,00 | 8.00 | 0.97 | 0.00 | 1.92 8.06 7.68
1805-96.._| 0,11 [ 0.05 | 1.50 | 0.40 { 0.27 | 1.03 | 0.05 | 0.00 | 0.00 | 0.00 | 1.48 L7 676

Henn. | 0.88 | 0.51 | 0.40 | 0.70 | 085 [ 0.98 | 0.4 | 0.08 | 0.27 1 0.23 | 1.88 | 2.40 9.90
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Record of precipitation af Fort Grant, Grakam County.
[Latitnde 32"'35’, longitnde 100° 53/; elevation, 4,860 feet. Authorily, Weather an.]

~ Year. |S8ept|Oet, |Nov.i Dec, |Jan. | Feb. [ Mar.: Apr.| May. June.|July. Aug.| Total

BE-7 2t JU (RN NP U SR 0.60 10101100 0001050140170 ! 52 &9
1873-%4...[ 2.50 | 0.46 | 8.38 | 1.V5 | 1.BB [ 2.87 | 2.45 | 0.58 (0.07 [ 0.00 { 2,50 ; 2,01 | 20.35
IBTE5...  G.00 [ L47 1 0.80 [ 8.78 | 2,48 | L 44 | 195 | .62 (0.00 [ 0.50 { 7.02 | .08 ; 2L.54
1875-76.. . £.59 | 0,08 ; 0.20°] 0,12 1 0.26 1 0.24 | 044 |- ovrrfumennn 0.65 | 5,27 | V41 |evervunnn !
1876-77... 190 | 2.66 ] 1.00 [[1.42) 0.17 1 1.50 | 0.30 | (.42 | 0.66 | 0.00 | 0.94 | 0.60 | 11.86 ¢
I8TT-T8...[ £.88 | 0.50 1 0.00 { 2.16 1 0.23 1 0.50 | 0.37 [ 0.18 ; 0.00 | 0.82 | 6.44 | £.83 | 18.51
1878-79...[ 0.20 1 0.00 ; 1.80 | 1.39 | 1.8B { 0.47 | 0.85 1 0.07 } 6,00 | 0.08 | 2.59 | L.12 | 10.05
1879-80... 2,318 | 1.83 1 0.87 { 1.B8 [ 0.60 ] 0.45 | 0.85{ 0,08 | 0.00 | 1.82 | 5.63 | 8.73 | 18.95
1880-81...0 1.01 | 0.47 10,00 | L57 | 0.05 (033 | 080 [ 0.8t {026 | T, | BB 5T 184 |
1881-82...13.84 | 1.02 | 0.08 1 0.65 1 0.86 ) 1.26 | 1.84 | 0.07 | 0.81 i 1.47 (2,621 £78 | 10.25 §
1832-83...1 0.80 1 0.00 1 0.79 | 077 | L.21 [ L40 [ 127 1 0,08 | 116 | 1.26 [ 2,90 : 8.07 | 1400
1883-84.-.| 0,42 | 1.21 | 0.11 | L4t {112 | 462 | 8.87 | 0.47 [ 0.81 | Lao | 067 | 241 | 1885 |
1884-85...10.98 | 8,06 10,53 | 5.98{0.81 | 1.02 | L.40 | 0.04 | 0.25  6.78} 0.08 | 1.58 | 16.76 i
1885-86..; 0,81 | 0.08 | L.80 ) 0.81 | 2.48 | 1.20 [ 0,53 | 0.80 | 0,04 { 0.57 [ 2.79 | .40 | 1483
1886-87... 3.48 | 0.57 (0.20} 0.00 : 0.11 1258 | T.10.86(0.16 ;085 9.06]6.20| 23.51
1887881 £.20 | 0.87 {028 70.21 | 0,72 | 0.44 | 0,83 050 [ 0.18; 0,62 4271 0.52| 1L9¢
1888-89...; 0.78 | 1.19 ] 3.67 | L.68 (1,09 | 128 | 104 1 .18 | T. ;106 3.57 | 1.3 | 17.74
1869-60...0 0.66 | 0.94 1 0.16 | L1L | 158 [ 0.46 | 0,48 ] 0,92 | 0.01 | 0.20 | 3.28 | £.54 | 14380
1890-61...] 0.69 | 1.62 | 0.16 | 2.01 : 0,82 | 3.78 1 0,28 | 0.00 | 1.40 | 0.10 ] 119§ 2.25 | 14380
180162 1.21 [ 0.00 | 0,00 | .18 | 0.96 | 1.50 : 1.66 | 0.64  0.83 | 0.00 ; 0,86 L.00| 9.45
1892-93...] 0.11 1 0.48 | .12 | 0.15 [ 0.56 | 0.5 { 1.26 | 0.00 | 0.56 | 0.00 | 424 | 2,00} 10.07 §
1863-04...[8.871 T 10.40{0.350.38 |3.430.66(90.13|0.87 (0.00]2.55| 198 | 1412 |
180495 | 6,14 | .10} 0.00 | .70 [ 165 | 087 | 0.02 | 0.07 | 0.30 | 0.14 | 1op | 402 1L69
1895-96_..] 1.69 | 1.21 | 2,05 1 0.61 | 0.29 | 0.50 | 0.34 | 6.26 | 0.00 | 0.90 | 1.88 | 2.68 | 12.41

Mean..d 1,701 0,89 10.76 1 1.42 | 0.88 | 1.86 | L.OZ | 0.83 { 0.34 | 0.53 | .82 | 3.05 | 15.45

Record of precipitation of Fort Thomas, Graham County.

[Latitude 83° 04, longitude 108° 5¥; elevation, 2,700 feet. Authority, United States Hospitad
Bervice and Weather Burean.]

Yeur. |[8epi|Oct. |Nov.| Dec. |Jan. | Feb.|Mar, | Apr.iMay. (June.[ Fuly.| Aag.| Total,

i) T (RGPS SSSRIPOIN FRVPUINS SV SR SRR T 0.08 1 0.00 | 0.55 | 0.87 [ 2.49 |.... ...
1880-81... 0.55 [0.18 1 0.08 | 1.2 | 0.08 | 0,13 | 1.21 | 0.63 | 0.07 | .00 | 4.18 | .48 | 1077
1861-82...| 1.55 | 0.40 | 0,82 | 0.40 | 0,33 | L.OL | O.7G | 0.02 | 0.47 | 1.26 | 0.88 1 2,48 0.82 |
1882-83...1 0,26 1 0.00 | 0.77 [ 0.46 | 1283 1 154 | 1.33: 0.00§ 0.70 [ 0.00 | 1.85 | 262 | 10.77
1384 .. P 1052 1000 [ 107 1 0.45 | 294 | 8.2110.72 0,601 0.52 (0,36 2.04| 12.48
18R4-85... [ 0.0L | 0.69 | 0.56 | 5.16 [ 0.08 [ 1.00 | 0.75 | G.14 { 0,09 { 0,18 | .98 | 2.46 | 1460
1886-86...| 0,02 [ 0.01 038 [0.71 1216 | 1,40 1 0.44 [ 0.24 | 0.00 1 0.00 [ 0.30 1 402 0.48
1886-87_..: 118 | L12 | 0.16 1 0.04 | 0.09 | 0,84 [ 0,00 | 0.81 (2,731 0.85 | 3.78 | 2563 | 13.18
1887-88...  8.87 | (,28.10.52 1 1.05 (6,65 | 1.06 [ 1.78 | 0.87 (0,23 1 6.00 ; 1.88 | 0.84 | 12.33
1883-89...: 0.55 { 2.80 3 .72 . 1.66 [ 1.47 | 185 | 0.06 | 030 (0,00 T.18.45)1.40| 15.48
1889-80...| 0.38 1 0.26 | 0.34 ] L.18 | 1.O2 | 0.40 | 0.45 | 1.21 | 6.00 ] "2, [2.02 [ 411} 12.86
18%0-91...1 0.75 { 1,30 | 0,60 [ 0.99 (0.72 | 2,98 | 0,40 | 0.00 | 1.61 ; 0.18 | o .oofmens|ocomianas

Meax..| 6.01 1 0.60 | 0.50 | .27 | 0.83 [ 1.84 | 1.02 | 0.32 | 0.55 | 0.25 | 2.08 | 2.47 | 12.18
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Record of precipitation at San Carlos, Gila Couniy.
[Latitude 33° 12, longitude 110° 21'; elevation, 8,456 feat. Authorify, Weaz:,her Bursan.]

27

Yesr., |Sept.| Oct.{NWov.| Dec. | Jan, | Fob, | Mar.| Apr. | May.June.|July. Aag, Fotal.
1880-81 . oo nvmrrida v e f e e fe e e i fa e [ e 0.00 | 418 ) 5.88 L. o.iuun
188182, .| 1.4 10,93 | 006 | 652 {1.24 | 0.93 [ 0.55 | 0.00 | 071 | 1.00 | 1.08 | 6.05) 16.00
1682-63... 0.58 | 0.00 | 1.58 [ 0.66 | 1.60 | 2.07 | 0,71 | 0.00 | 0.53 | 0.00 | 2.48 | L.I1 | 1182
1883841 0,11 | 118 | 0.00 | 2.47 | 3.00 | 8.83 | 3.07 | 0.84 | 0.3% | 0.49 | 0.57 | L.24| 1677
1884-85...1 0.88 | 1.40 | 0,55 | 5.48 | 0.05 1 1.80 | 1.28 [0.08 | .22 | 0.47 ; 125 | L.2R | 14.28
1885-86. .. 0.84 | 0,84 | 0.70 | 0.90 | 2.88 | L.20 | 0.82 | 0.14 | 0,00 | 0.60 | 0,03 | 3.48 { 10.03
1gea-87...] 087|048l 046 (000 | T.|L12]0.00[0283 1006|051 |249 | L56]| V.56
1R87-88...| 0.88 1 0.08 {[0.50)] 1.45 | 0,52 | 1.08 | 1.98 | 0,00 0,10 | 0.00 | 2,10 0. 40 8,02
1R8R-20._ | 0.63 L7817 i 2RL 162 | L8| 215{ 025|000} T.|L830.87) 1501
1886-90...! 2.05 10,601 0.40 12,80 1 2.11 | 1.66 | L.03 | LBL [ 0.00 ] 0.00 | 2.25 ] 8.41} 17.12
1800-01...| 0.80 | L2z | 2.12 [ 2.63 | 0.75 | 5.25 | 0.47 | 0.00 | 0.77 | 0.00 | 0.57 | L.0O 7 15.67
18902 .1 0.75 1 0.00 | 0.00 | 144 | L.BO | 8.51 | 1221 1.03]0.08 | 6.00 | 1.80  1.80; 33.03
180295 0,00 [ 0.65 | 0.3 | 0.22 | 0.50 | 0.55 1 2.96 | 6,00 | 0.67 [ 0,00 | 0.80 | 3.78 | 10.47
1893-04. .| 2.56 | 0.60 | 0,84 | 0.87 | 0.62 11,87 | L.14 | 0,11 | 0.81 | 0.00 | 0.81 | 2.08 9.70
1RB4-05...1 .00 | 105 | 0.00 | 2.58 | 2.16 | 0.45 | 0.18 | 0.60 [ 0.04 | 0.05 ; 0,82 | 2.3% | 6.31
1885-06... 1.04 [ 3.00 | 8.42 | 0.45 | 0.48 | 004 0,50 T.10.00| T.|8.78]0.85] 1445
Meen,.{0.86 1085 10,82 | 162 | 115 172! 1.26 | 0.28 1 0.25 1 6.15 | 1.66 | 2.33 ] 1308

Record of precipitation of Benson, Cochise County.

[Latitude 32° 00/, Jongitude 110° 22; elevation, 3,580 feet. Authority, Pacific Railway System.]
® .

Year. (Sept.| Oect.|Nov.|Dec. | Jan.| Feb. | Mar. | Apr.|May. |Fune.| July.Aug.: Tolal,
1880-81...{[0.71]] 0.00 | .00 |[1.50)] 0,00 { 0.00 | .75 | 0.00 | 0,00 | 0.02 | 2.17 | £ 83 9. 48
188582, .1 0.99 | 0.84 { 0.60 ) 0.60 ; 0.40 | .20 0.00 | 0.00 [ 0.00 | 0.80 ] 2.00 | .58 8,87
1882-88_..{ 0.85 | 0.00 | 0,80 | 0.15 [ 0.65 [ 0.63 | 2.08 | 0.00 } 0.42 1 0.16 | 2.9V ; 2.78 | 1120
188384 (0,10 | 0.21 | 0.07 1050 0.20 (068 | 1.20] T.10.60;000|0.70 (027 3.88
IB84-85. .1 0.80 | 2.88 | T. 1250008 {095 (007 |0.00[000]0% 058 1L4d] 9.5
183586 .0 0.14 | 0.00 | .09 50,17 [ 0.7D | 0.67 | 0.0B [ 0.00 | 0,00 { 0.00 [ .44 | 2.68 8.06
1886.87...[ 0.27 [ 0.25 [ ©.00 1 0.19 | 0.00 | 0.3£{ 0.0 T, 0.68]0.00)1.49 | 2.30 4.41
1887-88...| 2.02 | 0.45 [ O.87 | 0.15 { 0,04 | 0.00{ 0.30 } 0,00 { 0.37 | 0.00 | 2.44 | 166 | 870 |
1888-80,..10.06 | 0,84 5 111 | 1,08 | 0.88 | 0.07 j0.63 | .00 {0.00 [ 0.63 216 0.%4 8.39
1880-90. .1 1,64 £ 0.05 | 0.60 | 1.83 | 1.94 { 0.00 { 0.00 | 6.23 [ 0.00 | 0.52 i[2.50]| 4,81 | 12.42
1890-01...| 1.44 | 0.41 | 0.50 | 1.48 | 0.88 | .81 | 0.15 | 0.00 {[0.003{{0.25]; 1.19 | L.81 " B.92
1801-92...1 0,84 | 0.00 | .00 | 0.88 [ 0.40 [ .80 | 0.40 | 0.42 1 0,00 | 0.00 | 0.0D { 0.07 3.81
1862-98...1 0.08 | 0.00 | 0.00 |{0.68} 0.00 | 0.00 |{0.92]) 0.00 } 0,76 | 0.00 | 2.88 18.03 ] 8.2
1898-94...: 0.12 | 0,00 | 0.00 | 0.00 T, 11501 6.40 19.00:0.00|0.10 1.66 | 2.08 5.80
1804951 0.95 | 0.00 | 0,00 { 0.74 { 0.00 | 0,00 {[0.47]) 0.00 { 1.60 | 0.0D | 0.13 | L.2D 4,49
1865-96...11.40 10,00 ] 0,00 .00 | 0,10 | 0.00 {012 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.60 4.7
Mean..|0.71 (054 [ 0.18 (0,63 |0.86 | 0.54 1 0.47 0,04 1 .16 | 0.21 | 1.68 { 2. 10 7.42
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Record of precipitation at Tueson, Pima County.

fLatitude 320 14’, longitude 110° 5¢; elsvation, 2,404 feet, Authority, Pacific Ballway System snd
E. L. Wetmore.]

Year., |Sept|Oct. [ Nov. Dec.] Jan, | Feb, | Mar.| Apr.j May.\June. July.) Aug. Tobal,

20 S O FO 018 |o.82 {037 |0.25 | 122 000 | 0,00 0.20 | 87| 438 | e
ey, daosioos o om0 25302 057 | 0.41]0.00 | 8.04] 0,02 10.95
1RTT78...| 2.44 10.48 0,00 | 2.01 [0.22 | 1.00 | L77 1 0.52 [ 0.60 | 0.65 [ 5.72 | &7 | 20.40
127879 | 0,08 | 0.00 | 1.1 | 0.68 | 2.02 | 0.9¢ | 0,83 [ 0.02 [ 0.00 | 0,01 | 0.8¢ | 1.76 | 8.48
1879.80-..| 0,74 | 0.94 | 0.60 | 3.31 | 0.56 | 0.15 | 0.4 [0.04 [ 0.00| T. 1,62 |128| 9.65
188081, | 1.80 | 0.00 | 0.00 | 0.57 | 0,05 [ 0.25 | 1.17 | 0.62 1 0,06 [ 0.00 | 5.60 | B.92 ¢ 1429
188182 2.57 {0.62 | 0.00 | 0,10 L 1,75 | 164 [ 0.72 | 0.05 | 0.01 | 0.90 | 2.63 | .32} 17.29
1eras losz|oo | tigiont |ty |opl| L] T {0.85]0.08]220|L40| 843
188584l o010 toes [oozioos|oss iz anloir|eesiozs|ose L5 8.2
1RGL-85._ [ 0.80 1 2.2 | 0.84 | 472 | 0,00 | 0.42 | 0.40 | 0,00 | 0,00 | 0,18 | 1.00 { 1,76 | TL.81
180556 [ 6.12 1 0.00 1 6.42 | 102 | 161§ 0.86 | 0.87 | 0.06 | 0.00 | 0.00 | 103 | 2.47 | 7.98
1886-87.. 1. 001| 0,81 | 0.45 | 0.40 | 0.00 | 0.85 | 0.00 | 0,38 | 0.52 { 0.28 | 5.08 | L:25 | 10.30
sar-g8._| 208 | Lyz |ove |oer | ovs oy | Losl w082 055 LE8 | 0821 10,51
1088801010078 |26 | vos [ L7e | Los|Lo8] 018 . |0.80] 566|206 17.88
188000, 1812 | 0.28 {082 | Loo Lev love [ 0.20 | 0.10 1 0.00 | 0.00 | 2.87 | 6,18 | 15.51
19001 .. L42 | 0e5 o088 | 82 0021 2.08 {017 {000 (0.8 | D22 |00 {228 | a9
1891921 0.65 1 0.00 | 0.00 | 0.25{ 166 | 2,54 1 .01 | 0.26 | 0.88 | 0,21 | 2.19 | 1.8¢ | 10.95
1802031 0.6 |eszico0 0] 0sr |0 ]|n1e! L0000 244 ) 565 | BT
10804, | 0,081 T.10.40 041 {031 104 R1r] T.0.05] T jLEC|LO| 675
180405, | 0.12 [ 0.31 | 0.00 {188 | 056 | T.| 000} T ;0.00|0.02 |01 |58 B4
1605-66...| 0.7 | 0.68 | 4.80 | 0.08 | 0.53 | 0.10 [ 0.27 | 0.1z | T. |;0.19 | 8.45 | 125 | 1L.73

Mean. | 1.07 | 0.55 | 0.66 | 103 ; 0.76 | 0.98 | 0.8¢ | 0,15 | 0.16 | 0.20 | 2,52 | 2.65 | 1162

Record of precipitation at Casa Grande, Pinal County.
[Latitude 82° 54, longitude 111° 40'; elevation, 1,898 feat. Aunthority, Pacific Balway System.]

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

1880-81_ __|0. 487} 0.0 1 0,00 |[1.00]] 8.00 | 0.00 [{1.00]] 0.73 | .00 | 0.00 ) 0.00 § T. 3.23
18581-82...] 0.00 | 0.00 | 0.00 | 0.00 [2.001|[0.807; 0.00 | 0.00 | G.00 {[0.107( 6.00 | 0.60 | 2.80
183263 _.{ 0.00 | 0.00 |[0.85} 0.00 | 0.00 | 0,00 1 .00 | 0.40 } 0.24£ | 0.00 [{L.00} 0.81 | 2.4D
1882840 0.0010.10 [ 0,00 | 0.86 | 0.75 {1007 1.08 | 0.00 | .00 | 0.00 } 0.00 | 2.87 ¢ 6.16
1884-85... 0,00 | 1.81 1 0,00 | 8.20 1 0.00 1 0.80 [ 0,10 | .00 | .00 8,08 | 0.76 | 064 | 6.80
1825.-08...| 0.00 | 0.00 ] 0.83 | 0.00 | 0.90 {[L.253( 0.74 { 0.00 | .00 { 0,00 | .83 | L46 | 5.00
1886.87...1 .00 | G.00 [ 0.85 [ 0.00 { 0.00 | 0.40 | 0.00 § 0.80 | 0.20 | 0.40 ; L&7 | 0.97 | 8.69
1887-85...0 1.9 | 0.95 ]1.28 | 0,35 ] 0.61 | 0.00 | 0.45 | 0.00 [{0.10]) 0.00 1 0.28 1 0.00 | 5.81
1886-89._.| 0.41 (FL.007{ 0.70 { 0.5 [[L.00]} 0.00 [ 0.50 | 0,10 | ©.00 | 0.00 | 0.0 | 8.00 | 4.46
1886-90... 0,50 | 0.80 1 0.10 { 1.25 | 0.85 | 0.61 | 0.41 | 0.55 ] 0.00 [ 0.00 (188 |8.41| 9.14
1880-91...5 0.95 1 0.3% 1 £.00 [ 0.87 | 0,65 | 1.90 1 0,00 | 0.00{ 0.00; 0.00 [ 0.90 | 0.00 | 7.68
1891-92._1 0,00 | 0.00 | 0,00 | 0,17 | 8,25} 2.8510.65 | 0,00 | 0.3 0.00 ) 0.23 | 0.4 [ 7.63
150293...1 0,00 | 6,15 ] 0.00 | L34 | 0.06§ 0.00 | 1.87 | 0.00 | 0.07 | .00 | LY2 : 0,85 ; 5.98
1893-94. 0,00 | 0.00 {0.00 | 025§ 0.00 | 0.10 | 0.62 | 0.00 [ 0.0V | 0-00 | 0.67 | 0.81 | 2.52
1804-95_..| 0.88 | 0,18 | 0.60 [ 2,53 1 0.45 | 0.00 | 0.00 | 0.00 | .00 | 0,00 | 0.85 | 1.80 | 5.65
1895-96...0 2.00 | 1.60 | .60 f......] 0,68 0.00 | 0.10 ] 0.00 1 0.00 | 0.0D |_._... 0.88 |ueununnnn

Mean..! 0.45 | 0.40 { 0.55 | 0.81 | 0.66 | 0.56 1 0,47 | 0.10 | 0.08 } 0.03 | 0.58 | (.83 | 5.84
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Reeord of precipitation at Maricopd, Pinal County.

[Latituds 38° (5, longitude 1120 09';‘ slavation, 1,160 feet. Authority, Pacific Raitwey Bystem and
Weather Bursau.]

Year, * {Sept.| Oct. | Nov.| Dec. | Jan. | Feb. Mar.; ApT. Bfé.y. June.| July.| Aug.| Total.

18YB-T8. . e mer 0.00] 6,00 072 0.47 | 0.89 [ 0.000.00:0.45 ) 0 200 T 1. I PO
1876-77...] 0.00 | 0,20 | 0.41 | 0,08 1 0.08 | L.57 | 0.80: 6.03 0.41 {000 | L2} 000 ] 416
187718, LOT 16,001 0,00 1 154 [ 0.00 | 0L feenfomrenebeiminc oo os e amee e oo o ————
BT v ¢ TN NN PUUNPRIN RPN SR Puspuns NOSPS) PRSP PRATIE EERLLL 0,005 0,10 | L8 |oecerenn
1870.80...1 0.38 | 0,04 § 0,85 | 0.80 | 1.45 | 6,28 | 0.00 | 0.75 | 0.00 8.00 0.00:000) 443
1850-81...] 0,50 | 0.00 | 0,00 | 050 | 0.09 | 0.00 | 0.83 ] 6.00 0.00 | 0.00 | 0.00 | 147 ] 3.8
188182, | 0.50 1 0.00{ 0,00 [ 0.00] 7. 10.00§0.00)0.00|0.00 0.00 | 0001088 0.8
1862-63...] 0.00 | 0.00 | 0.00 [ 0,00 | 1.54 [ 0.00 | 0.00 | 0,00} .00 0.00 } 0.50 | .57} b4
188864 | 0.80 | 0.00 1 0.00 | 1.98) 0.88 | 0.74 | 2.83 | 0.51 0.0010.82 | 0.53 [ 0.86 |, 8.44
18865 | 1,101 1.58 |0.20 | 2.97 | 0.00 { 0.45 1 0.35 1 0.00 | 0.18 0.04 1 0.481 0,927 8.0
1885-96...| 1. ]o.00| 056|010 1.82]%e | L1005 0.0 0.00 1 0.26 | 008 5.7
1886-67...1 0.06 | 0.76 | a2t o1 000 027 T.|0.5150 s11008;0.431 Q.50 3.09
1887-88...} 1.00 | 0.28 | 1.13 | 0.00 ] 0.00 | 0.12 | 0.48 | 0.00 0.00 0,00 | 0,80 | 0.22 ) 408
1883-89...) 0.85 | 0.52 | .75 | 0.0 | 0.85 } 0.15 | 1.16{ 0.60 0.00 | 0.00 ) 0.56  0.90 [ 5.98
1880-90.. | 0.60 | 1.20 | 0,83 | .00 | 0.00 § 0.2 1.0270.00 | .00 | 0.00 | .10 | £20 | 1156
100t 035|007 fest 24 iooe 288000 0.0 0.601000(033 08| 5.8
1601-92...1 0,13 | 0.00 { .00 | 0.00 | L.55 | 244 | 0.50 | 0.40 01410007062 0.25] 803
o205,  0.15 1 0.00 | 0.00 | 0.00 | 1.26 | 0.00 | 1.34; 0.00 0.84]0.00 | 0.68{ 060 4.87
180894 | 2.08 ] 0.00 030 ] 0.00| 0.32] 0.32 | 6.50 0,60 | 0.00 G.00 | 0.85 | L.oB; 5.68
1904-95.. | 0.85 | 0.50 | 0.00 ] 2.44 ] 0.61 | 0.00 } 0.00 | 0.00 | 0.60 0.00 | 0.95 | 0.85 | 5.68
1895-86...) 110 | 110 14.48 1 0.00 | 0.68 | 0,00 | 0.2 | 0.00 | 0.0 0033113181027 6.6

Mean..] 0.58 | 101 10.35 | 0.8% | 0.52 | 0.57 [ 0.60 | 0.12 | D.EL 0.04 048 712.01] 0.8

Record of precipitation at Texas Hill, Yuma County.
[Latitude 3%° 44/, longitude 113° 39 elevation, 855 feet, Authority, Pacific Rallway Systern.}

Year. Sept.| Oct. | Now.! Dec. | Jan. Teh, | Mar.| Apr. ! May.[June.| July | Aug. i Total,

187980, .1 0.05 | 0.55 | 0.43 | 0.47 | 0.23 | 0.00 | 0.08 1 6.08 0.00 | 0.00 1 0,60 0.00| L78
1880-81_..| 0.85 | 0.00] 0.00 | 6,34 | 0.00 | 0.00 | 8.24 | 0.56 | 0.00 0.00 | 0.0810.24] 176
1851-82...| 0.12 ] 2.50 | 0.00 ] 0.18 | 1.87 | 0.00 | 0.00 ] 0.00 { 0.60 0,00:8.00[05; 5.2
1882-85...|{0.00]| 0.05 ] 0,12} 0.00 | 0.19 | 0.34 | 0.20 0.03 000100008807 21
1288241 0.00 | 0.09 {[0.00]} 105 | 0.22 1 1.21 | LU5{ 0.28 | 0.28 0,00 |0.0010.00; 4.8
1884851 0.02 [ 0.00 1 0.00 | 1.26 | 0.00 | 0.04 | 6,02} 0.00 0.0010.00; 000225 3.59
1685-86...] 0.00 ] 0.00| 0.8% | 0.00 { 0,93 | 1.15 ] 0.00 | 0.20 080000 T. |08 85
1wass7.. ) 0.00 | 156! e.onjo.00 000|000} 000 T 6.00:0007 T.| T.; LB
1887-85. .| 2.80 | 0.00 | 1.40 | 0.05 | 0.25 { 0.00 | 0.88 | 0.00 0.001000008]000¢ 538D
188589, ._|[0.30]] 1.04 [[0.50]) 1.20 | 2.65 | 0.60 ; 0.1% 0.00 | 000000 T |0.00| &80
1808-00._ 1 0,00 { 0.310 | 0.05 | 0.62 | 0.00 | 0.40 | 6,00 | 0.0D 0.00 1 0,00 | .10 {[0.50]| 197
1650-01._.] 0,10 | 0.03 | 0.10 | 1,28} 0.00 | 2.50 | .00 0.00 | 0.00 0.60 9011 0.85 | 477
1801-02._.0 0.20 | 0.00 | 0.00 |[0.05] £.84 foieifenirmnimnens 0.0010.000.00 008 ..c.. oo
1600-03...] 5.00 | 0.00 1 0.00 | 0.00 | 0.00 | 0.00 {£1.503) 0.00 | G.00 0.00 1 0.40 10,00 1.80
1865804 | 0,00 1000 1 0,00 [ 000 Lo} intuiinna e e ean SRR VPRV ROV OSpRepe
ECT S R PR IOV SRS (SONY 0.00 | 0.00 | 0.00| 0.000.09]0.000.00 0.0} eeninn
1895-68.. .1 0,00 | 0.06 | .30 | 0.60 | 0,00 | 0.00 | G.75} 6.00 | 0.00 000 | 1.15 | 120 B.20

Mesn. | 0.25 | 0.42 | 0.18 | 0.41 | .50 | 0.86 | 0.35 | 0.08 | .02 0.605036 048] 318
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Beecord of precipitation at Yuma, Yuma County.
[Latitude 32° 40/, longifude 114° 88'; elevation, 141 feet. Authority, Weather Bureau.]

Year. {Sept.| Oct. | Nov. ‘%)ec. Jan. | Feb. | Mer. [Apr. [May.Jone.| Jaly.; Aug.: Potal.

1875-%6..[0.1%]} T, | 0.0010.00 | 044 | 0.46 | 0.04 1 0.00 | 0.00 | 0.08 | 6.8 C.OB| 1.1
1876-97...) 6.00 1 0.00 | 0,00 | 0,00 1 0.09 | 172 | 0.00 | 0.00 | 068 GO | 050 0.08] 2,43
187918, L] 0.00 1 0.00 | 123 0.00 ] .08 | uERI0.02 | Q.00 [ 0,00 | 055 159 8.58
1878-79...1 0.87 | .00 | 0.02 | 0.14 [ 0.50 | 1.28 [ (.48 1 0,15/ 0.00 | .00 | 0.0D { 000! 205
1879-80...1 0,11 ] 0.83 (0.1 |02 | T.¢ T |0000 T 000{000| T.i T 0.88
1880810 i T {0031 076000000 T.[O0550.00| T 0.20 0.08] L57
1881-62...1 0,08 | T [0.6810.10|1.85;0.01 [0.00| 0.60 000 |0.05]|0.20}1003; LD
1882-83...| 0.04 { 0.0} | 0.08 1 0.00 | 0.96 {088 T.; T.|0.00|0.00|0.8Li0.22; 2.8
1883-84...: 0,13 1 0,05 | 0.60 [TL61]] M. 1158 | 148 007|044 | T, | 00110321 5.69
188485 T.| T T | L] L1002 TI007T) T.[0.00|0.051086¢ 206
1885-86...4 6.00 ( 0.00 | 1.71 | 0.61 | 1.06 1 0.08 | 0.83 : 0.8 [ Q.00 |0.00 | T. 223| B.78
1886-87...) 0.00 | L.11 | 0.23 | 0.00 [ 0.00 ] T.[0.00| 020 ] T. |01 T| T 155
1887-88...0 1.09 | 0.02 | .43 | 0.35 1 0,38 1 0.05 | 0,05 | 7. [0.00|0.00 | 0.06| T 4.0L
1888-86...| 0.01L 1 0.90 | 0.68 | 0.5 1 1.123 [ 0.08 | 0.24 | 0,60 | 0.00 | T.| T.|0.285| 480
1888-90...1 0.00 1 0.58] T. {243, T. 086 T.{0.87|0.43,0.00;0.00]|087| 358
1880-91...  0.64 L. feedo 00025 T.{000] T.]000f0.0L]0.05(..ccn....
1891-92_..0 T.;06.00{0.00]0.05;1.85]087 052! T.i005000]0.00}002] 3.3
1882981 0.04 10,001 0.00 1 T | T I[0.67] 1.3 0.00 0,81 | 000 | 0.40 | 0,42 | .27
1893-84...1 0,30 0.0 10.90 | 011 |0.00| T (0.74]0.00; T.{0.00(0.3 010]| 1.9
189485, .| 051 § 0.84 | 0.00 | 0040 [ 0.77 |oevmmdoccmre] wverauaunnnn o mvann JPOVRIY PR SOV

Mean. .| 0,17 | 0.81 [ .80 | 0.53 | 0.42 | 0.57 {1 0.28 | 0.09 | 0.07 |...... 0.14 | 0.36 8,15

Miscellaneous rainfall observations in Arizona, 1896.

Stations. V& san. | Feb. Mar.| Apr.| May.|June.July. | Aug.|Seps.| Oct. | Mov.| Dec. | Total.

Buttes.: 1,600 | .66 | 016 | 0.77 10,12 | 0.00 : 0.00 | 8.10 | 0.90 | 1.60 } 1.27 | 0.67 | 1.09 | 10.43

Pinal .. 2,550 | oo ocieevaee]inian 0.20 1 0.00 1000121311909 828|122 (12 ..._...
Whit
lows .| 2,080 | icilmme oo D.03(0.08 | 267 L8168 3161121 (008 | ... :
Silver

Eing.| 3,650 12.25 [0.8510.00:0,10 (0.00| 000|474 {5.03]2:738.65 ]340/ 0.00| 21.18
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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 alse to a certain degree upon the’
comfort of the inhabitauts. A considerable amount of wind is not
only injurious to fruit trees, but, by continnally keeping the dust in
motion in such an excessively dry country, renders ocutdoor 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 ¢éommon 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 noboften noticeabls. With every
advantage of this kind there may be a smaill loss, and in this casethe
principal drawbaek is in the fact that windmills can nob be used to as
great advantage in pumping water as oub 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 a number of places
within the Territory, the principal of these within or near the Gila
Basin being Fort Apache, Fort Grant, Pheenix, Prescott, and Yuma.
"The record at Phoesnix 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 eonsiderable 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 Yama 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 usunally
increases from about 3 miles per hour up to from 8 to 12 miles per
hour at 3 o'cloek 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 oceurs within gix hours in
the afternoon, or from about 1 or 2 o'clock until about gundown.
The distribution of wind through the yéar 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
4o a notable extent in pumping water for irrigation, bat 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 smalf
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 eifrus 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 fo 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 frue 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
10 the development and spread of such enemies of citrus growth as.
the scale bug (Aspidiolus 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 begutiful 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 meaintenance 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 somc-
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 guarantes the fach
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that if eitrus eulbure continues as profitable as it bas been in the pass, |
Arizona will some day be one of the important competitors for & 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
ploduet may be grown here in abundance, ag already proved by
experienes. - Undoubtedly, also, the raisin industry will some day be
unportzmt and the hot, dry summers are favorable to the production
of a superior article. In one respect, however, this valley is under &
disadvantage as compared with southern California, in that it is more -
likely to receive sudden showers of rain during the curing season.

Claims are alse mado of the superiority of this region for such prod-
ucts: as . figs; prunes, almonds, pomegranates; olives; and even dates.
: iy ﬁgs and prunes can besuceessfully grown, and the experi-
encé obtamedkl vith almonds both in this and other localities seems to
justify the claims mader ,_.;’am ng $his product, bup most of the other
fruits mentioned are stﬂl in"the experimental stages. It is doubtful
if dates can. be proﬁtably grown except in some favored and well-
sheltered localifies. Apples appear not to do well in a climate like
that of Arizona. . Even those varietiecs which can be abundantly
grown are inferior in quality and quickly deeay. This fruif is better
adapted to a colder climate, The same appears fo be true in a less
degree of peai‘s Mozt sinall fruits y;eld abundantly, and so far have
been very profitable.

The quantli}ws of fruits and vegetables which have been exported

from Arizona are inconsiderable. On fhe contrary, large quantities

of some kinds are annually imported for consumption in the indusiries
of mining and grazing. These two interests are the main sources of
exportable products, and agrienlture and horticulture, so far as devel-
oped, are devoted chiefly to satisfying their wants. Alfalfa may be
taken he sb&ple agricultural product, and is largely utilized in the
fattening of eattle grown on the ranges of the adjacént mountaing 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 furnighes 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 maﬂﬂy be inferred that the usual method of applying water in
irrigation is by ﬁoodmg 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 ifs 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 surfacs to evapor&te

- IRR 2——38
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In the irrigation of fruif trees and vines the furrow method is used,
which, - when -properly employed, is an excellent method. = Pl Vil
shows the ground properly prepared for the furrow methcrti of: drriga-
tion. The Water is turned into each furrow at the upper edge of the
field in just sufﬁc"ient quantity to run freely down the fm'row withoub
erosion; and soak gmduaﬂy away downward and sidewise... As zsoon
as it reaches the; lowe +end of the furrow it i8 shut off at the upper
end; thus onlya 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

and. dry, 8o that the minimum of evaporatlon takes pla,ce a,nd 1o sat-
urated sarface 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 50 lzw:xshly and
carelessly applied thatithe ground is almost. flooded, and the" water
stands in pools.and furrows until the field begomes an absolute bog,
eoudltlon Whmh' iy not only mos’i} wasteful of water, but aatuailv
inj urlous ‘i)o ‘bhe 1111ga,1;ed 'corps, by &.};mttmcr off the ventlla,tion of the

umversal 'pmein‘ :'an(i many of ‘the u'mgators are approa,ohmg HOTe
and mo1e nearly to ideal methods of ir rwabmg The Armona Improve—
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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 eity park.

WATER SUPPLY.

JIn comparison with the size of the Territory and the importance of
it water resources, the hydrographic data are very meager. Some
measurements of stream flow were made in 1889 and 1830 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

TIAN. T FEB. [HARCR] APRIL ] MAY UNE T TUY T A0 T 8Er: T 060 T Wov T pES
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i H FEET,

]
o &

4000

40000

36000

32000

1830
1888

28000

24000

20000

I s : 16000

_ fé ﬁ» ﬁ‘ - 12,000

¥ | AEI‘

\g% H M g“: -~\\ i
o

LT TN - ]
= dhena | IO A » i
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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 junction 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 into the cross seetion 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 Qctober 4 to 7, inclusive, on
Verde River, which was during that time inaccessible. 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 faken af the Ari-
zona dam, about amile below the junetion of the two rivers. Itappears
from all available data that Salt River furnishes & econsiderably 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 eomputed discharges for each locality are given
in the following tables:

Estimated monthly discharge of Salt River af Arizone dam, Arizona.

[Drainage area, 12,260 square miles.]

Discharge. Run-off.
Total
Month. 3 e for Peor
gﬁg I}:ﬁ?ﬁt Menn. | ORI Depth. square
1888 Becond- Second- | Second-| Acre- Second-
. feet, Feet, Jfeet. feet. Inches. | feet,
Uo7 1/ SO SPUUENDY PSR 850 | 21,52 0081 0028
Beptember..avfemrerunun mm——————— 850+ 20,825 0.081 0.028
October...ovuun. 30 300 831 | 20,556 6.08 | 0.027
November «ovv.. 5, 760 425 242 | 50,008 0.08 ¢ ©.068
Decomber ...... 43,489 1,685 6,608 | 411,827 0.63 0. 545
1888,
Jannery ccecoe-- 24,888 | 1,685 5,047 | 568,740 0.58; 0.48
February ..--.- 5,840 | 1,536 2,608 | 144,87 6.22] 622
Marell cueeeecaes 83,794 3,563 8,745 | b3Y,BI7 0.82] 071
Aprili e 5,559 2,498 8,975 ¢ 236,512 0.36| 0.82
May. cccrnemsaaa 1,784 822 1,080 | 63,808 0.10% 0.08
JUBG cevnea e 615 856 470 1 27,985 0.04 3 0.04
By 5211 SRR 1,31 834 495 | 80,522 0.65 0.04
Augnsto. oo 765 880 417 | 25,645 0.04] 603
September. . .. 1,172 389 6211 81,000 0.0 0.04
Oobober...ovou. 04 818 40| 2%,680 0.064¢F 0.04
Novembor ...... 620 582 BT8 | 84,202 055 0.05
December ......| 25,371 BBY 5,686 | 349,689 0,581 0.46
1890,
JOaBRUATY cevenn- o 15,780 1,878 4,982 | 508,398 0477 0.40
February ......- 143,288 1,045 5 10,097 | 560,383 0.8 0.82
Mareh .oceoweeas 1,228 2,566 6,421 | 894,801 0.60] 0.52
L) 1 S 2,077 1,369 1,840 1 100,480 017 0.15
MEY e maesanan 1,369 830 914 | 58,211 0.09] 6.08
SUBS - mvsswmmnne 672 307 511 86,404 0.08] 0.04
P11} ¢ R 8% 397 524} 82,228 0051 0.04
Augast .. 7,784 1,114 8,885 | 238,927 0871 0.82
September...... 3,685 25 2,850 | 139,170 0.21] 019
October .cmeae.e ¥, 465 it 2,768 | 160,232 .25 0.23
November ... 30,504 766 4,717 | 280,661 0437 0.38
Decomber ...... 80,366 1,11¢ 6,259 i 884,028 0.580 | 0.51
1891
JABTALY wensnmnn 17,187 1,080 3,416 | 210,084 0.82: 028
Fobruary - ceeen 800, 000 825 | 89,201 12,175,605 8.82) 310
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Estimated discharge of Verde River above Soll River, Arizona.
[Drainage area, 6,000 squere miles. ]

Discharge. . Run-off.
Total
HMonth, Maxl Mint fogk Per
axi- i~ mon
muwm. | um, Mean. . Depth. sg%laé::e
1885 Becond- | Second-] Second-}  Aere Becond-
" feet. Jeel. JSeet. Seel. Inches. | feel.
JAOUALY wrvrrenn 33,000 ba7 4,087 | 248,225 .97 0.67
Pebruary .. ... 5,800 583 1,688 03,747 0.28 0.28
Moreh covviuennn 8,400 1,887 3,720 | 228,784 .71 0.82
Aptilcriiervunn 2, B30 230 750 44,028 0.14 0.13
Way e eenen 429 1y 258 15,864 0.04 0,04
JUNE s mnnnn 180 128 153 9,104 0.08 0.03
FYermrcmranrenn 215 116 145 8,018 0.02 0.02
Augusb .- 1,428 185 359 28,074 0.67 .08
September. ... B48 141 176 10,478 8.08 0.63
October .oooooo. 2,012 107 &b 20,207 .00 0.08 ‘
November ...... 1,800 241 463 | 27,560 .08 0.08
December ...... 881 845 391 24,042 .08 Q.07
Total, year....; 83,000 118 1,081 1 762,584 2.86 6,18
1886,
Jannary ..c..-.- 354 314 324 19,023 0.08 005
Febroary ..o 352 278 15t 8,852 0.03 008
Mareh .covenvere 338 258 256 18,871 0.06 .05
April. s 287 208 T ee0l 18,080 0.04 6.04
May . ccecimeene 200 28 172 10,576 .08 0,63
FUDE v vevrvaenn 187 WL 117 6,058 .02 0.02
FUY e reee 8, 880 94 884 53,187 0.18 0. 14
AR T LR IMARCH, APRIL | MAY JTJUME] JULY | AUG. | BEPL [ OCT, | NGV, | GEC,
10 2 20d 070 ) 107 1020t jo20} 1020 1 1020 1 1020 ] 1020 | 030 1 1020
35.000
30000
25,000
20000,
15,060 {148
5,000
SN

¥1a. 4.~Daily discharge of Rio Verde above Salt River, 1885,
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Estimated discharge of Salt River above mouth of Verde River, Arizona.
[Drainage srea, 6,200 a'qmre miles,]

Discharge. Run-off,
Total
Month, Mo _— fogh Per
: axl- ini- month.
mm. | mom. Mesn. Depth. s%aet:
1805 Secontd- | Second- | Second - | Acore- Second-
4 Jeet. Jeet. Jeel. Jeet, Fnches. | feet.
JEOUAY +omemene [ 48,796 781 5,733 | 852,508 1.08 0.92
Fobruary - - -vave 3,892 214 1,445 | 80,251 0,24 0.23
Merch cecwnnan 3,840 1,319 1,829 5 112,461 0.33 0.20
Apriloaiiie crreen 2,939 1,044 1,880 | 110,678 0,493 0.30
MAY e ram s 230 505 708 | 43,538 0.18 .11
JUNO e e (BOO 203 325 19,839 0.08 0.06
B 11\ SR 896 145 2041 12,548 0.08 0.0
Augush eoevnnn 1,618 288 i1 35,909 010 (.08
Heptember...... 034 201 8291 19,577 (.06 0.05
OetObET e omee 18, 265 390 1,624 99,858 £.30 0.26
November oo 9,820 880 1,876 1 81,878 0.25 0.22
December ... 2,065 513 888 | 54,601 0.18 0.14
Tobel, vear....| 49,786 145 1,408 11,023,134 5.05 0.22
1896,
JanTaArY cenwean- 613 400 470 28, 400 0.08 0.07
February .coeen. 612 414 476 27,880 608 .08
March oooccuinn %, 020 457 1,188 | 7%,863 0.22 019
N s £ N— 1,660 805 9591 57,083 0.17 0.15
MY e avan e 621 335 465 21,424 0,08 0.07
TJHDO wrrrrs mmmvus 332 158 224 | 18,828 0,04 0.0¢
R 171 - S 4,317 151 538 | 89,202 0.12 0.10
TR TORRCR SeRT T ey [ JONET ULy | AUG: | SEFL | 06T, | WOV, | BEC. |
ife] 0201 1020 1 10 20 D20 | 1020 1 1020 D20 1020 | 1020 1 020 1020
85,000
20,000 b~
25,000 |
20,000
15,0001~
0000 -— I
50005
B

16, §—Daily discharge of 81t River above Verde, 185,
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The following fable shows the discharge of Gila River for the season
of 188990, measured by the irrigation survey, and the results from
measurements still in progress for the season just closed:

Estimated discharge of Gila River af The Butfes, Arizona.
[Drainage area, 18,750 square miles.]

Digcharge, Run-off.
Tobal
Month., anch Mind f ogh . Per
axi- - month.
mum. | mum. Mean, Depth, s?_mqizre
.mile,
1888 Second- | Second- | Second- | dore- Seecond-
: . Seet. Feet. Ffeet, Feet. Inehes. Feet.
September. ... 210 20 128 7,616 0,010 0. 008
October_ ... 210 140 187 9, 655 0,013 0.011
November ...... 250 158 22 12,614 0.017 0.016
Pecomber ... Bog 124 215 16,800 0.623 0. 020
1890,
JONUALY v 2,;160 810 s 41,812 0.058 0,049
Fobrual'y ..cveun 1,514 405 B8 32,109 0.043 0,042
March ..o....... 710 300 87 23,705 0.032 1 0,028
Aprilo .. 358 158 238 | 14,161 0.019 | 0.017
May enaes 150 35 a7 5,850 0,607 | 0.008
JUNE oo 85 27 » 1,066 .oz | 0.002
JGEY e, 3,112 11 Wl 75| 0.000) 0.009
Angusb.. ... 8,330 1,135 8,187 | 102,888 0,263 0.228
Tobal, ¥err i cmafoammccmman oo cocaen 866,561 e i o
1895,
Avgust ... 8,010 586 1,583 97,835 0.133 0.115
September...... 2,880 300 812 48,317 0. 085 0.059
October......... 12,000 400 1,57 86, 066 .13 0.115
November . ..... ¥, 500 800 1,1081 65,688 0.080 1 0.080
December....... 1,150 518 751 41,627 0.058 0.049
1896,
Fanuasy oo, 560 250 388 24,849 | 0.032 0.028
February .cvoau. 340 17 208 12,022 0.018 0.015
Mearch. oo 356 153 42 14,880 0.021 0.018
April. ... 840 88 80| 10,710 0.014 0.013
MEY oo 8 12 sg| 18| 0002 | 0002
June ... 82 1i - 5 208 0.0003 0.608
JHEY e e v 11,%08 1 1,441 88,604 0,121 0.105
Aungast ... 3, 150 175 810 49, 805 0.068 0.059
September. ... 2,850 450 0 58,814 0.0m8 2.071
QOctober. wo_ou.. 7,248 1,930 4,045 | 254,887 0,847 0.801
November _..... 2,276 658 1,087 61, 708 0.083 0.075
December....... 70 576 2] 38,676 0.053 0. 046
Total, 1886...1 11,708 1 842 1 616,201 0.839 0,062

In the above table the discharge for the period from August 1 fo
December 10, 1895, is estimated from cbservations of mean depth and
thisiade by Mr. W. Richins, and can be congidered only as arough
approximation.” * S sl
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E’stima'sted monthly discharge of Queen Creek, Whitlows, Avrizona.
{Drainage ares, 148 square miles.]

Discharge. Bun-off,
Total
Month. for Per
m gﬁi‘a Mean. | 2R | Deptn, sme
1806 Second- | Becondd- | Second~ | dere- Second-
) JSeet. Jeet, feet, Feet. Inches. Feet.
JADHELY wovnconn 2 2.0 2.0 123 0.016 | . 0,014
Febinary - -rce- 2 2.0 2.0 115 0.016{ 0.014
Mareh . ... % 2.0 2.0 123 0.018 0.0k
April e e 2 1.0 1.5 87 0.011| €.010
MO e e 1 1.0 1.0 61 0.0081 0.00
JUNO Lovvvimnnn 1 L0 1.¢ 80 0.008 0. 007
351 P 9,000 .0 1.6 7,480 0,880 | 0.80
Aungast coonne .o 1,433 0.8 3.1 805 0.106 | 0.082
Beptember...... 3,428 a.5 i7.1 1,016 0334 0.120
Qctoher. covwnua. 1,188 4.5 13.3 820 0. 108 0.088
November ...... 20 3.6 1.8 50 0.010 | 0.008
Docember ...... 207 0.8 2.0 120 g.016 0. 034
Total, yesr.. 9.000 0.0 15.0 |, 10,880 1,428 0. 14

DUTY OF WATER.

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

f 886, j49%
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Fia. §.—Daily discharge of Queen Creek.

gated on the north side of Salt River in that year. Of this, aboub
84,000 acres, or more than one-half, was in alfalfa; over one-fourth
wag in grain, and the remaining porfion, or aboub one-sixth, was
chiefly in fruit and garden or was occupied by streets and lots of

&
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the city of Phoenix. The total smount 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
- eareful 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, Whﬂ.e fruits require somewhst more
than grain but less than alfalfa, probably an average of 8 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 fime, 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 guantities 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. Less
than half the irrigable land below the Arizona Canal is actually eul-
tivated, and the utilization of some of the farms requires the construe-
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 queted, 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 economieal manner
practicable, irrigation carried on both night and day, and each irri-
gator allowed the use of a measured quantity of water for a certain
number of hours,.unguestionably the duty of water eould be greatly
increased. Hrobably 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 8 more
humid climate.

As shown pn page 46, the Florence Cansl takes from Gila River
nearly 10 gcre-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 ALKALL

As indicated by its name, Salt River carries a notable quantity of
mineral matterin 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 & reasonable depth by beds of gravel no accumulation
of salts is noticeable, while in the vicinity of Tempe, where the sub-
goil is practically impervious, and where the ground water is near the
surface, considerable tracts of land are to 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
alkall 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 vicinity of Pheenix and Mesa will not become impregnated with
salts to an injurious extent: Any such fear seems fo be entirely
unfounded. 'The whole valley, with the exception of the area in the
vicinity of Tempe above mentioned, seems to be 8o thoroughly under-
1aid with coarse gravel that it will be entirely practicable at any time
to leach out the salts by the application of a large quantify 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, ean 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 fo.

MIDDLE GILA VALLEY.

There are soveral ditches built to divert water from the Gila River
in Pinal County, but they have all been practically abandoned
except the Florence (anal, on the south gide, and the McClellan 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 parb of the Gila Basin.. The upper or Arthur
is & private ditch heading just below The Buttes, without diversion
works, and ecarries about 4 second-feet of water for a distamce of
about 6 miles, the loss in the sandy river bottom being great.

The McClellan ditch 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, supporfing in itsforks
another stick with its end driven diagonally into the sand 6 or 8 feeb
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 quibe
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 bhead-
gate of the canal is founded upon bed rock and is comstructed of
wood. The grade of this canal is about 2 feet per mile. Near the
head it iz 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 construeted
on the MecClellan 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 eonserving 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 eapacity 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. A% 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 § feet, so that at all times the loss from this source iz a
very large proportion of the water impounded. .As a method 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
loestion of the reservoeir, 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 fo convey water from the canal to these lands are
wagteful of water in proportion te the amount utilized, as the amount
lost through seepage and evaporation from such small, long ditches is
enormous. The loss from this cause 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 fhrough the irrigating season of 1896 was abouf 64,444

acre-feet:
Digcharge of Florence Canal, 1896,

. Discharge in second-fest. Total for

Month. month in

. ' Maximum.|Minimum,| Mean. |3¢re-foet.
March (15 d0F8) woviac cevnenan 160 75 110 3,2
APriloc e coeneeenenras 160 0 8] 4,98
A - e cetiem e e e 42 £ 28 1,414
B 53 LSRR 12 i 3 17
B & S 160 0 41 2,581
Angush oo e 854 a1 187 B,424
Bopterober «avuvuvececnn wonsnn 28% ny 82 9,040
Otober e v caaias 217 0 178 16,761
Novembor cmmu e cree oo iaean 218 168 191 11,865
PecembOr v v v 252 160 194 11,620
TOAL e 277 0 nz 84, 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 fo a depth of nearly 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 at the mouth of Salt Riverand
extending to Yuma, a distance by the river, omitting minor bends, of
about 170 miles. Inaltitudeitisthe 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 lands along 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 Bueck-
eye and Monarch cansls, and on the south side of the river Rumberg’s
diteh, 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 firgt 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 ghares, 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 capaeity of about 75 cubie feet per second. It
has 22 small laterals, and the main canal of course decreases in gize
as the laterals are taken out.

GILA BEND CANAL.

The dam of the Gila Bend Reservoir and Irrigation Company (PLIX)
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 eribs loaded with rock and anchored to
piles driven in the bed of theriver. After the completion of about 600
feet of the easti end the expense involved induced the eompany 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 14 to 1. From the first,
serious doubts of the stability of the dam were entertained by those com-
petent to judge. It was generally eonceded that the first water which
overtopped the loose rock portion of the dam would wash itout. In
view of this fact, and the published records of the discharge of the
river showing floods approximating 800,000 cubie feet per second, it
is & matter of surprise that the capacity of the waste weir was left at
only about 80,000 cubic feet per second.

The first indication of a failure was in January, 1893, when & 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 theriver, 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 forsheet piling above and below
the dam for its entire length and a row of detached eribs below the
aprons on the lower side. In Janunary, 1895, before the new work was
completed, another freshet ran about 8 feet deep over the entire length
of the dam, discharging mnearly 180,000 cubic feet per second, and
washing out the uncompleted portion of the dam for about 400 feet
from the west end, whichk has not been replaced. The property of
this company is in litigation, and further repairs and development
must await settlement of legal gquestions.

The canal wag 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. %g.d‘iﬁgf* %‘;fé‘g}? Depth,
Miles, Feet. Feet. Feet.
1 0.5 50 10
5% 0.5 25 10
8 0.5 24 ]
6 0.5 28 10
6 0.5 22 10
. 7 0.6 20 10
4 0.7 15 9%
3 0.8 10 9

The side slopes were 1:1 in cut and 14:1 in fill. The level section
of the canal was a cut of 4% feet, with embankments of 5 feet on
either gide, 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 stvnctures between massive
magonry abutments and wing walls, (S8ee PL. X1.) Ths head-gate
and canal may be taken as one of the best and most substantial works
of the kind yet constructed. The enfire project is reported o have
eost 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 gide 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 & coopera~
tive coneern, awned by the irrigators in the form of 36 shares, sach
entitling the holder to a proportionate part of the water.

SALT RIVER VALLEY.

As previously -defined, Salt River Valley is taken as including the
lands adjacent to Bait Biver extending from the mouth of its prineipal
tributary, the Yerde, down to the point where Salt River empties inte
Gila River, a distanee in a direct line of about 40 miles. The fall of
the river between these peints is so great that water can be readily
diverted at almost any part of the river’s course and carried diago.
nally away {rem the stream, covering in the course of a few miles &
considerable extent of couwntry. 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 prineipal
of these canalg are shown in the following list, which gives aleo the
approximate lemgth and the year when firgt used. These canals have
an aggregate of nearly 600 miles of lateral ditches.

Principal eanals of Salt River Valley.

Name. Length. Wh@&gwﬁ

NORTH SIDE. Miles,
ATIZODA . oo e - ¢ £ 1865
Grand ..oeen et 21 1878
Marieops oo e 26 1888,
Salt River Valley_ ... . .. ..... 19 1868
Farmers e s T
8 Jobns . - 12 ool

SOUTH SIDE.
Highland ... oo, 22 1886
Conselidated . ... ... . ... 40 1894
Ol MOBR. - oo 10 1878 |
Utah e 20 87
TermpPe oo e e 30 1871
San Francisco. ... ..ol 6 1871

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

ARIZONA AND OTHER NORTH-SIDE CANALS,

The Arizona Canal, construeted 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 direetion from
a rock projecting into the stream from the right bank to a rock on
the left bank. At the time of ifs construetion the river channel was
against the right bank, and on the left side a gravel bar sloping from
the channel tothe bank extended toa 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,
Iaid parallel with the sfream at infervals of 10 feet. Upon the
tipsf;re&m 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-ineh driff
bolts three-fourths ineh 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 ¢rib, and constitutes
the only floor of the erib, 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 eovered 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 eribs put in 4 feet deep and 12 feet wide, of various lengths from
10 to 24 feet, with double rods to bind corners. These eribs were
filled with rock and covered with 3-inch plank. The portion of the
dam just deseribed isstill standing. The part built across the channel
was constructed similarly, and went out in the great flood of 1891 and
wags 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 1}-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 & 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 digtance at high water over the dam wasteway and rock on
level with dam is 1,000 fest.
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The head works of the eanal 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 esfimated eapacity is 1,000 eubic 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 consigting
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 iz 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 Crosseut 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. Itseapacityis about
375 second-feet, and it supplies water for the Grand Canal, and ab
times during low water for the Salt River Valley and Maricopa eanals.

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. It is on the north
side of the river, about 5 miles east of Phoenix. 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 weoden 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
CUanal, and has a capacify of about 100 cubic feet per second.

The Mesa City Canal was begun in 1879 by the Mesa Canal Com-
pany, & 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 maxzimnm of 174 miner's
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fnches, 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 guit work in the busy season %o restore their supply
of irrigating water. Finally, in 1893, the Consolidated Canal Com-
pany was formed, which entered into a confract 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 builf a shoal of large bowlders
across the river, which withstands the floods of th& river, but it
gradually settled, at first into the sand and gravel of the river
bed. As settlement proceeded it has been built up and constitutes
a very fair means of diversion. At the south end of this shoal are
built massive granite masanry 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 & distance of over 2 miles, the maximum cut being
about 26 feet. This heavy construction was performed by a hnge
dredge with a dipper capacity of 2 cubic 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
unfil it reaches & 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 peint 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 construeted for
electrio lighting and power. purposes, using the irrigating water to
which the Tempe Canal is entifled and discharging it from fthe wheels
into the Tempe Canal abouf 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 of the Consolidated Canal above mentioned is construected on
a light-grade line, in a general southerly direction, to the boundary of
the Gila River Indian Reservation. By carrying the water of the
Tempe Canal through the Consclidated 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 construeted 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 certifieates which
are transferable. . Its capacity is about 175 second-feet.

In 1870 a ditch was constructed on the south gide of the river,
known as the Tempe Irrigating Canal. It heads about 7 miles above
the Salt River Valley Canal, and was earrying in June, 1896, about
114 cubic feet of water per second. 'This is a community diteh, 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 Franciseo 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 ftown 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 loeality. 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. If is
usually to the interest of the farmer as well as the canal owner to
elaim that a large area is irrigated, so that in case of subsequent con-
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 eonsidered
as irrigated, introduces complications. In order fo secure title under
the dsgert aet, claims are made and proofs submitted that hundreds
of acres 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 exaect statement as to the amount of land actually irrigated and
eropped 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 guantity 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 snd to which water might perhaps be taken,
while actually, either from deficiency of water or other eause, 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 avea 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 SBalt River,
in Maricopa County, there were irrigated in 1889, under the Arizona
Canal, 56,000 acres, This amount, or 350 quarter sections, is the
guantity 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 traets 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 aequisition of title been left uncultivated. Itis suggestive tonote
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 eourt-100 acres per second-foot—it would
require for the satisfaction of these rights a flow of 826 cubie feet per
gecond. 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 he 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 secoud-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 wasthe 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 since 1889 under the Arizona Canal system have prob-
ably been increased, so that the total area using or claiming waber
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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
gtill more beyond its capacity in dry years. Bubt the condition of
irrigation in Salt River Valley is not as bad as these figures would
seem to imply. As above indicated, the.adjudicatedrightsare prob-
ahly greater than fthe sreas netually irrigated in the years given, and
etiltivation has been discontinned 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 fhe
abandonment of areas formerly cultivated.

ADJUDICATION OF WATER RIGHTE.

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 suif before Judge Joseph H.
Kibbey to determine the rights of the various proprietors, the trial
of which was begun in Mareh, 1890, and conclnded in Aungust of that
year. The amount of evidence taken in the case is very voluminous,
consisting of 6,000 pages of typewritten matber. The argument of
the case was heard in February, 1891, and occupied fifteen dajys.
Many interesting principles of the law relating to water rights were
enuneiated 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 published, 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 1868, 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 & 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 Terrifory.

In 1864 the First legislative asgembly 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 legislabure, 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 navigation or irrigation are hereby declared to be public property,
and no individual or corporation shall have the right fo appropriate them gxclt-
gively to their own private use, except under such equitable regulations and
restrictions as the legislature shall provide for that purpose.” This act went info
foree on the 1st day of January, 1865, This provision has ‘been incorporated in
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the successlve revisions of our code, and is still 2 part of our stututery law., At
the same session of the legislatore, and by a law teking effect at the sazre thne, an
act governing acequiss and Irrigating canals was adophed,

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 Irrigetion and mining,” ss afterwards provided.

Section 2 saves all vested riglits.

Zection 8 provides that ‘“all the inhabitants 6f this Territery who own or pos-
sers grable or irrigable lands ghall have the right to construet poblic or private
acequias and obtain the necessary water for the sams from any convenienf river,
ereek, or siream of running water.”

Bection 4 provides for the assessment of damages resulting from the construction
of ditches acrogs privats property of individuals.

SBeciion 5 provides that no inhabitant of this Territory shall have the right to
erect any dam, or build a mill, or place sny machinery, or open amy sluice, or
meke any dike, except such as are used for mining purposes or the reduction of
metals, a8 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 » pummary manner and cause the removal of the same by order directed
to a constable of the precinct or sheriff of the county, who shall proceed o execute
the sams without delay,

Section 7 directs that when any ditch or acequia shall be taken out for agrieul-
tursl purposes the person or persons so taking oub stch ditch or acequis ghall
have the exclusive right to the water, or so much thereof as thall be necessary for
the seid purposes, and if ab any time the water so required ghall betaken for min-
ing opersliond the person or persons owning said water shall be entifled to dam-
aged, to be assessed in the manner provided in section 6.

Section 8 prohibits the construction or maintenanee of bypaths and footpaths
across cuitivated fields.

Section 9 provides that #ll owners and proprietors of arsble and irrigable lands
bordering on, or irrigable by, any public acequis shall labor on wuch public ace-
quin, whether guch owners or proprietors cultivate the land or not,

Section 10 provides that persons Intevested in o publo aeequia, whether owners
or Iessees 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 frespass upon culi-
vated flelds.,

Heotion 12 provides that in case a commaunity-desire {o construct an aceqnis and
the persons desiring to construet the same are the owners or proprietors of the
land upon which they design to construct the aceqguis, no one shall be bound to
pay damages for the land faken,

Section 18 provides for the elestion of overseers of public acequias.

Bection 14 preseribes the manner of the election of overssers.

Bection 15 provides for payment for services of the overseers.

Section 18 preseribes the duty of the overseers, of which, among others, is enn-
merated the duty to distribute and apportion the water in proportion to the guantity
to which each one is entitled according to the land cnltivated by him, sud that
in making such apportionment he sghall take into consideration the nature of the
sesd sown or planted and the crops and the plants cultivated.

Section 17 provides that ‘‘during vears when a scareily of water shall exist
owners of fields shall have precedence of the water for irrigation according to the
dates of thelr respective titles or their occupatbion of their lands either by them-
gelves or their grantors, The oldest titles shall have precedence alwaya.”
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Section 18 provides for the ccmtnbutzon of labors by irrigators to the mainte-
nanee of the acequis.

Section 19 prescribes penalties for malfeas&noe or nonfeagance of the overseer in
discharging his duties, and provides for his removal in certsin events.

Section 20 provides for the filling of the vacaney occasioned by the removal of
the overaeer.

Section 21 imposes a penalty wpon the owner or proprietor of land irpigabted 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 acéquis or mse the water Irom it
withont the conpent of the overseer.

Section 23 provides that thefines 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 points where they
may be crossed by public strests or roads, '

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

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

Section 28 provides that plants and {rees growmg on the banks of any acequias
ghall belong to the owners of the land through which the acequis runs.

Section 27 provides that any person owning lands which may include s spring or
gtream of running water, or owning lands upon & river where there is not popula-
tion pufficient to form a public acequia, may construct a private acequia for his
own nges, 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 sct, with some
subsequent slight verbal changes not affecting the substance or meaning, is the
following {sec. 2830, Revised Statutes of the United States):

“Whenever by pnonty of poassession rights to the use of waber for mineral, for
mining, agricultural, mannfacturing, or other purposes, have vested and acerned,
and the same are recognized and acknowledged by the local curfoms, laws, and
decisions of courts, the possessors and owners of such vested rights shall be main-
tained and protected in the seme, and the right of way for the construction of
ditches and canals for the purposes herein gpecified is acknowledged and confirmed;
but whenever any person, in the construction of a diteh or canal, injures or dam-
* ages the possession of any setfler upon the public land, the party committing such
injury or damage shall be lizble to the party injured for such injury or damage.”

Section 2840 provides **thal all patents granted, or preemption or homestead
allowed, shall be gubject to any vested or acerued 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, snd of some of $he States, nob only to confirm rights that
have been inifisted or bad vested prior to the passage of the mot, but that it was
continuous in its operation and was the license of the Government o persons fio
hereafter appropriate water on the public domsin for agricultural, mining, man-
ufacturing, or other purposes. (98 U. 8., 453; 13 Oregon, 596.)

On the 34 of March, 1877, there went into effect an act of Congress providing
that any citizen of the United Stafes, or any who had declared his intention to
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become such, mpon the payment of 25 conts per acre, may Sle a declaration, with
the register and receiver of the land distriet in which any desert land is situated,
of hig intent to reclsim g tract of land not exceeding one section, by conducting
water thereon within the peried of three years thereafter. It provides that the
right to the use of the water by the person gso conduncting the same on or to any
tract of desert land of 640 aeres **shall depend upon bona fide prior appropriation,
and such rights shall not exceed the amouut of water actually appropriated and
necessarily used for the purposes of irrigation and reclarationsmd il smrphs
water wmmmmm&@mmnmm, dnermith Ehemater
of all lakes;rivers;mdfi-ocirermonreescbarater supply mponsthe pablic lands and
not ngvigable, 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 'I‘en-ztory of Arizona approved
Febraary 19, 1877, all the laws of the Territory then in force were directed to be
racompiled, which was done; and the compilation is known and cited as the
“Compiled laws of 1877,” among which ate the Bill of Rights and the various
provisions governing the construction of private and public acequias and the
appropriation and use of waier for irrigation that we have above guoted from
the Howell Code., The same laws have been carried forward into the revision of
1887, In 1887 the acequia law was not reenacted, bul not having heen repealed, it
is gtill in force, and the editors of the revision of 1887 have incorporated it in that
revision. (Sects. 8199-8226, R. 8., 1887, Arizona.)

T 1887 the legislative assembly enacted a law providing that the common-law
doetrine of riparian rights shall not obtain or be of any force or effect in this Ter-
ritor{y. (Bec. 3138, R. 8., 18&;’?. Arizona,.)%

* * s
REASONABLE USE OF WATER,

Incident to the right of the inhabitanis of this Territory to appropriate water for
irrigation or other uses is the restriction that the means of diversion shall be
reasonably adapied to the purpose, to the end thai the water that iz made free to
the public ghall not be diminizhed beyond the guantity sufficient o supply the
actual needs of the appropriator; that the means of application of the water o
the purposes for which it is appropriated shall be of a character to insure as small
a consumption of water as is reagonably consistent to the accomplishment of that
purpose. No man has a right to waste & drop of water. Any exceds of water that
he diverts and wastes by carelessness, negligence, or ignorance of economic meth-
ods of cultivation or irrigation, or failure to adopt thern, he unlawiully diverts.

It appears from the evidence in this case that large guantities of water are
allowed to fow in the various csnals and ditches to supply stock with water,
This necessarily involves a great waste of wabter. At a small estimate, I should
think the evidence diacloses an amounnt of water waated thus sufficient, if properly
spplied 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 o
evaporation and seepage in its long passage through the varicus canals and the
miles of subsidiary ditches. This seems to me to be an unreasonable uss of water.
I do not mean fo 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 nof, 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 cowrse, but not to impede its
flow or diminish its guantity for that purpose. Instead, I consider the law tobe, of
bringing the water diverted from a nafural water course a long distance by means
necessarily involving an enormous proportionate waste to water stock, the stock
must he taken to the natural water course fo drink, or otherwise provided for,
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% the water be in the ditches on a man’s ranch in the course of spplication
4 ferigation, it might be permitted to allow stock o drink of it; butit
j mof it to permit water to be in the ditches for that purpose

Another matter Tor “tur & gtton in this connection is the right of the
appropriator of water o the exclusbyeyosmseion smaintensnce, operation, and the
use of the conduit, as be has prepared it, Torthe vengion ol e waser, shether
or not, having constructed such a conduit, he thereby e el o Survs tho
water flow in the river to that conduit and thence to the point whers it Hepires
to mee i, or whether ‘his right is limited to the actual delivery of water to his
jands, with or without increased expense fo himself, whether it be by means there-
for provided by himself or by means provided by some one elge. Toillustrate: If
those who operate the Highland Canal should divert from the river the water to
which the consnmers under the Tempe, the Mesa, the Utah, and fhe San Fran-
cisco are entitled, and yet ghould that company deliver the water so diverted
through its own canal to and upon the lands of those under the other canslsnamed,
in the guantities to which they are entitled, would those who consgtrucied 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 irrigefion, but alse to have it conveyed by means of ifs
own conduit?

Following out to their sequence the propositions I have afvanced as tothe own-
ership of water and the right of appropristion, I am of the opinion that the entire
right of the appropriator for irrigation is limited o the delivery of water sufficient
for the purpose upon his land af a point where he can wse it for irrigation, and
that so long s such water is so delivered he may be indifferent to any acts of
diversion or obstraction of the flow of water in the natural water course, and has
no just cause for complaint therefor. He might be compelied to adopt a more
expensive means of delivery of the water to his Jands if the mesns that he has
already adopted are such as would result in the loss of water; for, 5s we have
repeatedly affirmed, the water Is public property; it is & common stock to which
all may go, and no man bas any right by faunlty construction of his condnits, or
by their deficient construction, or by a desire to appropriate more than hig share
of the water, to diminish that common stock of the water to any greater extent
than his necesgities require.

This brings us to the question whether or not if 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 wonld be his duty, if, for instance, he wag an frrigator under
the Tempe Canal, to construct & new conduit from the Highland Canal to his
lands, and thereby conduct his water at a congiderable saving of the common
gtock of water, assuming, of course, that the Highland Canal is capable of carry-
ing, in addition to that wkich it is alvready 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 appropristes usmally finds in the natural water
conrse 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 guperabun-
dance in the natural water course enongh 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 firsf, a diminufion of
the quantity of the water going down io the first appropriator resulis in snch &
reduction of the volume of water that the means adopted by the first appropriator
will not enable him to eontinue his diversion, and he must, in order fo get the
water, either congtruct a dam so as fo divert the water or excavate ks ditch
deeper, 50 a8 to reach and divert the water from the diminished quawntity fowing
in the natural water course., This would, of courss, entail an .additienal expense
upon the first sppropriator.

To illustrate the gnestion, lef us suppose that upon a water eourss there is an
average flow of water of 4 feet in depth; that the consiraction by the first appro-
priator of a ditch, the bottorn of which is 2 feet below the surfate of the water,
enables him thereby to divert all the witer he needs. Suppose that thereafier
another appropristor constructs above the point of diversion by the first a ditch
which appropristes 2 feet in depth of the water, and diminishes it so in volume
that instead of fiowing by the point of diversion by the fivst, 4 feet in depth, it
now flows only 2 feet in depth. Still the guantity there flowing is sufficient to
gupply the needs of the fArst appropristor. It will be seen that the first appro-
priator can not, by the means then had, divert higz amount of water, and there is
necessarily entailed upon him an expsnse 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 info his ditch; and this addittonal expense is entailed by
the act of the subsequent appropriator. It is not a question, as I have pub 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 exfent
that it can not be diveried by a prior appropriator by the means he then had. We
think that it ceriainly ean not be said that the first approprigtor has the right to
have the water Howlng such’a way that by his first means of diversion he can gtill
continue his sppropristion of the watér. The whole policy of the law is, that all
of the watersin the strewms in this Territory should be used for mining, agrical-
tural, and milling, and that there shall be no sppropristion by anyone in a inan-
ner that shall prohibit subsequent gppropriatinon by others, unless that sabsequent
appropriation leaves an insufficient yuantity of vwater.

The court held that the tifle to irrigating water inheres in the land
irrigated and not in the company diverting the water, and that prior-
ity of time at which the water was applied to benefieial nse constitutes
priority of right to use of sald water, and that this priority was deter-
mined, not by the date of divéision from the river, but by the date
of such actual beneficial use. KEvidence 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
tight to the quantity of water reduisite 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 guch tracts were considered in render-
ing the decision, the lowest subdivision considered being 40 acres, or
one-fourth of a guarter section. The duty of water was assumed as
64 miner’s inches for a gquarter section of land. A miner’s inch was
defined to be one-fortieth of a cubie foot per reecond, which made the
duty of 1 eubic foot per second 100 acres. On this basis a decision
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 was made, from which the following table was congbructed, under the
¥ orders of the court:

5 Table showing for each year the number of quarter sections under each canal enti-
tled fo water from Salt River as per decree of court.

Total
Salt o Api, | Spumber

Your. River %oﬁ' Tempelciscoor| Utak | Mess |Grandi ~—o0 ?;ex?gg:
Valulgf' Congl. Canal, ‘Worm- Canal, | Canal. | Canal, Canal, | ionafer

Cansal, ser each

Canal. year.

L 1868, e 2% S RO DRSROUISURN PRI SRR PO PR 13t
1869, e emen 22 T TN AU RPN O BURIN SN 28
1870 e aane 313 75T ISR FUVPUI FURIIPIIGHE RPpRRPIpR FoRmpeeys) PYS S ST 48
BT e 48 844 5 - RN DRI SR (RS 855
pE:ve T 83 284 49 -1 [ (SRR U I 17
1878 een e 801 2 57 123 TR SO PO NS 1884
k2 £ S 201 3l L 128 I SO TS 180%
1875 cicans B0 a2 BY 527 (U NP SN PR 191
LIl T 924 38 57 112 I PR FUSSP P 1973
12} S 3 41 57 22 2 I N R 22
1878 e 102 53 &7 22 2 2 N T, 208
1870 e 104 853 ki 22 RN 30 L5 T D 330
1880, e e 108 843 70 b 24 35 ¢ % D 864
h3:5: ) N 1161 102 2 24 24 43 18 Jecmroeen 400
1882, e 17 1174 80 brd 28 50 b2 N P 41
IBBS i 1183 124) 80 28 38 69 485 lacvuruen 8013
1884 e 19 198 L] 28 38 621 455 leeemennn 5163 !
1885 e 1203 13 98 28 38 73 463 435 5803 |
1886, .. 1213 135 105 297 88 75 5 1053 6583
1887 raes 1287 134 118 31 40 82 47 198 1655
1888 eeee 123; 139 7 31 55 82 48% 3333 9091
1888 e 1234 150 11¥ 33 55 B2 484 350 948

The figures in the columns headed Salt River Valley Canal, Mari-
copa Canal, etc., 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 ave 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 ifrigated under the
Salt River Valley Canal wasincreased by 12 gnarter sections over thatof
1872, but the additiongl 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, ,
partieularly the Arizona and Mesa Consolidated, fo establish claim fo ,
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 elaims 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 mifigate 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. Ii 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 nss
of water obtained either illegally or through the generosity of some
of the older proprietors. What standing such elaims to the surplus
waters can obtain in the courts remains to be seen. If they are sus-
tained, the resulf will be disagtrous to the future development of irri-
gation, for it iz these surplus waters upom which any projeet for
storage on the upper waters of the Verde and Salt rivers must largely
depend. BSuch sforage 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 o be wasted as
at present. ‘

IRRIGATION WORKS PROJECTED.

Having noted the prineipal 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 ofher works
designed to save in part the waste water occurring 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, Buties,
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 &., 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. Iiis proposed tobuild this dam of a rock-filled type having
side siopes of 2:3, made impervious on the water side by a sheet of
agphalt pavementextending to bedrock. The spillway is situated over
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2,000 feet west of the dam and is geparated from it by a mass of rock
riging 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 8,402 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 eapocity of Horseshoe Reservoir.

Contours. | Azemin | A75pcen ™ Lol mppctey
10 39 270 | . 270
20 99 690 960
30 268 1,885 2,795
40 442 8, 550 6,345
50 720 5,810 12,155
680 974 8,470 20, 625
70 1,178 16,760 31, 885 \
80 | 1,398 12, 880 44, 265
90 | 1,665 15, 815 59, 580

100 1,916 17,905 m,185
110 | 2,109 20,125 97,610
120 | 2,349 99,990 { 119,900
180 | 2,646 24, 975 144, 875
140 | 2,982 28,140 178,015
150 | 8,402 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
tunpel when necessary to complete the foundations. The tunnelis
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 bya dam 90 feet high and 475 feet long, of the
rock-filled type. Here the eanal is to head with a bottom width of 25
foet, depth of water 8 feef, side slopes 1: 1, and a fall of 0.0003. The
ostimated mean veloeity is to be 3 feet per second and the eapacity 300
-eubic feot per second. This section is continued for a distance of 54
miles, a considerable part of the distance being thronghrough country,
with very heavy construction. Af 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 erossing of New River. At New River it is proposed to
construct another reservoir, partly to impound the storm watbers of this
stream, which is ordinarily dry, and partly 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 nof intended to consfruct this reser-
voir at present, but it is contemplated as a future possibility after
the development of the upper portion of the preject. 1t is proposed
to eontinue 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 Buftes,
which it is proposed to fill by a lateral feeder from the main canal.
The land under this canal between Agna Fria and the Hassayampa
rivers, as shown on the map, it is also proposed Yo irrigate from the
Agua Fria Land and Water Company’s works. The conflict of infer-
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
estPmated 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. Westof
the Agua Fria the land to be irrigated isan 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 eanal. 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 dificulty.

The company claims to have sold water rights for about 100,000
acres ab 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 consfrueted 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 inereas-
ing one from $1.21 up to $2.42 per acre-foob after ten years. The
maximum amount of water whieh can be demanded in any one year
is at the rate of 2 acre-feet for each acre irrigabed.

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 both streams
flow through wide, level valleys, which are settied and cultivated to
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‘v 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

this dam, as shown in PL. XXI. Tt is proposed, first, to build a dam

on an ogee section (fig. 10, o) 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, &) and the additional waters will be sold.

Several liries have been surveyed for the location of a canal t0 con-
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it has been shown that by diverting the waters well up in the canyon
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of the valley lands on the Pima Indian Reservation. This involves a
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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 uneunlti-
vated land are already under existing canals, particnlarly the Arizona,
the Mesa Consolidated, and the Highland ecanals. Many of the older
canalshave 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 w1thouﬁ involving
much heavy construction.

It would probably be impossible to find anywhere in 'bhe 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 climate which may be classed as almost semitropic, and
are vastly greater in area than the water ean 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-
1ent for the construction and foundation of the dam. There is tribu-
tary to this reservoir about 5,756 square miles of mountainous eountry,
ranging in altitude from 2,000 to 12,000 feef, 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 avery considerable rivulet within a few hun-
dred yards of the divide. Such streams evidently obtain eonsiderable
water supply from the precipitation which falls north of the divide,
as pointed out on page 16.

These Tacts indicate that the watershed tributary to this reservoir
is not only large but favorable to a high percentage of run-off. It is
doubtful, however, whether the immenge reservoir capaelty shove
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 om this
point. There ecan be no doubt, however, that in this reservoir sife
lieg one of the most important possibilities for the future of the agri-
culture of southern Arizona.

Pl XXX shows the outlines of this reservoir site as surveyed.
The shaded portions represent cross sections on the lines indicated.
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IRRIGATION WOREKR PROJECTED.

Area and capacity of Tonto Reservoir.

Height P e Elgyation
25 4,400 380 1,950
80 8, 100 420 |,
85 9, 000 Gy N
40 11,900 80 |
45 18, 200 890 |
50 20, 000 1,080 1,975
55 26, 900 1,280 | ieen ..
60 33,800 3511 20 O
65 42, 600 1,740 |
70 50, 700 1,980 |oooooo .
75 62,100 2,300 2, 060
80 13,500 2,610 |oeee .
85 88, 500 8,010 oo,
90 108, 600 8,430 |,
95 122,700 8,820 {oooooo..
100 141, 800 4,210 9,025
105 164, 700 4,810 .. ...
116 187,700 4,990 ...
115 214,700 5,480 |ooeoeonno..
120 241, 800 5,860 L. .__._..
125 272, B0 5,210 2, 050
130 808, 900 6,570 2,055
185 388, 600 6,950 |
140 - 878, 400 7,850 |,
145 418,000 7,080 freeenn,
150 458, 000 8, 530 2,075
155 498,000 0,110 [ ...
160 544, 060 8,680 |.ciooooo_.
165 594, 000 10,170 |
170 845, 000 10,880 |ocoeno.
175 701, 000 11, 840 2,100
180 5T, 000 11,750 2,105
185 820, 000 12,800 |ooooenooo.
190 880, 000 18,000 |oooooe,
195 850, 000 18,600 |.ooo.o. o
200 | 1,020,000 14,200 2,125

67
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WALNUT GROVE RESERVOIR.

A storage reservoir was built on the Hassayampa River just below
the settlement of Walnut Grove in 1888. The dam (fig. 11)-was 420
feet long on. top, 138 feet wide at bottom, 16 feet in width on top, and
110 feet high. " Ag shown in Pl XXIV, it was of the rock-filled or
placer-mining fype, consisting of a front and back wall of dry rock
carefully laid with Jooserock filling between. A wooden sheath cov-
ered the water slope to make it water-tight. ,This',f(;-'overirﬁgf was fag-
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Fres. 1L~ View of Walnut Grove dam.

tened to vertical stringers about 8 by 10 inches, which in furn were
bolbed to the projecting ends of heavy logs huilt into the upper face,
the stringers being about 4 feet apart (fig. 12). The sheathing con-
sisted of two thicknesses of 8-inch planking, with tarred paper laid
between the two. -The outer face was calked and covered with
parafiin paint.. Owing partly to the imsufficiency of the spillway and
partly to its becoming obstruected with driftwood, the great flood of
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February, 1890, overtopped this dam, causing it to fail. The capaeity
of this reservoir has been variously estimated at from 7,000 to 14,000
acre-feet. Its destruction caused the loss of twenfy-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 projeet contemplates
the construction of two reservoir dams and one diversion dam on
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F16. 12.~Cross section and elevation of Walnut Grove dam,

Agus Frig River, The diversion dam, a view of which is given in PL
XXV, is already nearly completed. It is builtof 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 Mountsins. The mascenry
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 feet. 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 12% in-20. Two sluices are left at the surface of
the sfream 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, 18954 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 reecently completed masonry, about 12 by 100 feet, near the west
end of the dam. The portion remaining below that carried away ex-
hibits & smoothly plastered surface with no evidence of fracture or
indication of having been bonded in any way to the destroyed section.
The rubble masonry contains numerous horizontal joinfs finished
and plastered as smooth as though intended for a floor, apparently
diminishing the bond with the next course above. This geems to
be in direct confravention of good engineering practice, and to ac-
count in a m_easure' 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 Mountainstoward 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 laferal is to be taken from the east side of the
main canal about 24 miles from the head, to exfend southward for
the service of the lands on thé 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 occurs here, with rock abutments, and the bed rock is said to be
near the surface. It is proposed fo build this dam to a height of 100
feet, and it iz 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 gquarried 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 & height of 200 feet. It is said that this basin wili
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 strue-
ture contemplated in the plans, and which would have served as a
diversion dam, and the cost of the dam already constructed mighb
thus have been saved. The construction of the canal through this
distance would be expensive, as the ecuntry 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 enferprise, the capacities of the reservoirs and the land to be
irrigated being relatively much greater than the water supply to be
depended upon. :

CAVE CREEX PROJECT.

The Pennsylvania Irrigation Company proposes to build a dam 100
feet high in the canyon of Cave Creck, which it is said will form a res-
ervoir of more than 100,000 acre-feet eapacity. The water is to be
diverted about. 7 miles below and used in the irrigation of the lands in
Paradise Valley above the Yine of the Rio Verde Canal. As this drain-
a sareaisestimated to be only about 200 square miles, it seems improb-
avie that this area will furnish sufficient water to jusfify the construe-
ticn of a reservoir of this capacity; but a reservoir can doubtless be
built ab this point which will impound all the waters that can be
depended upon from its drainage, and the land to be watered is aban-
daxt and excellent.

THE BUTTES RKESERVOILR,

At a point about 14 miles east of Florence the Gila River passes
between two buttes locally known as ““The Duttes.” For many years
it has been proposed to build & dam at this point to store the flood
waters of the Gila River for the reclamation of the arid plaing below.
This projectwas 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 inferval 2 feet, except where the slopes
were too precipitous for this interval, whexn only 10-foot contours were
drawn. After the complefion of this survey the reservoir site to an
elevation 200 feet above the bed of the river in the gorge was mapped

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

Area and capacily of The Bulfes Reservoir.

. p apacit; Total capac-
S | Al (o gl | T
10 20 100 100
20 T 450 550
30 220 1,500 2,050
40 897 8,180 | 5,180,
50 538 ~ 4,650 9,830
80 74l 6,870 | . 18,200
i) 028 8,845 | 24,545
80 1,105 10,165 34,710
90 | 1,820 12, 170 46, 880
100 1, 566 14, 475 61,355
1130 | 1,769 18,675 78, 030
120 | 2,000 18,990 97, 020
180 | 2,867 91, 980 119, 000
140 | 9,746 95,565 | 144,365
150 | 8,148 99, 475 174, 040
‘160- 1 3,602 38,755 | 207,795
170 | 4,118 88,600 246, 895
180 | 4,609 | . 48,635 | 290,030
180 | 5,183 48,710 | - 388,740
200 | 5,651 53,920 a2, eeo

Eleven soundings for bed rock were made aty- Lhe dam site by driv-
ing iron rods into the gravel. What wae supposed to bhe 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 (PI XXVI), between the end of a projecting ridgeé 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
ig to be 1 in 20, the fa,ce slopé 1 in 2 from the top 0 & pomt 80 feet
below the top, and 21in 8 from that point to bed rock, as shown in fig.
13. A ppillway c&pac,lty of over 100,000 cu}:nc foet jper 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 eapacity, 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 abont 1,200 feet in length.
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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 & 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 Aungust 81, 1830.

767 FF.
16. 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
gince 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 fo this reservoir site took readings of gauge height and ocea-
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 Deecermber. The resulls 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 erratie, and the evaporation so great that it is
impossible to arrive at any conclusion from theorefical congiderations
as to the amount of run-off to be expected from it. This ean be
determined only by a long series of measurements. It is probable,
however, that an area of 75,000 fo 100,000 acres can be reclaimed by
watbers stored at this point. The cost of such reclamation would be
something over $2,000,000,

QUEEN CREEXK RESERVOIR SITE.

Queen Creek rises in the mountains o 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 Reservaftion. 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 ereek 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 contour 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 fo the mile,
curves of 10 feet interval being inserted fo an elevation of 140 feet
above the bed of the creek at the dam site, which is fopographically
the limiting height of a possible dam at thissite. 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. Itis to be built on
the rock-filled plan, with & water slope of 1 in 1, & down-stream slope
of 1in 2, and a top width of 10 feet. (Fig. 14.) Upon the water
slope is to be laid a sheathing of asphalt conerete, and from the up-
stream toe an impervious wall of cement rubble masonry is fo be

*8ee report In Benate Document 27, Fifty-fourth Congress, second session.



SALING 3IHLL LY AYQ 93S0d0Ud 40 NOLIYAETS

? b A =
1524 00F Tot 0GZ £ D
S{20g [EDIIA PUE [RIUOZIICH

AR
B

Aonspin o

HAXX Tid 8 "On Hadvd Addns-Hilvs JRAYAS WIILOT0ED '§ N



DAVIE] IRRIGATION WORKS PROJECTED. 75

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 fock at the down-stream foe. 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 hydrographic 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 resulis appearto be of
doubtful utility. Measurements of discharge were begun at Whit-

e el \n
P Il S RS ALL o
SRS IR T AR BIEA & 5
SR N N E A
SAIIE L e S .
AT A D HHIDA R, b
¥

(4
¢ 3
£ LA L b iat e '3‘_‘. Ly g%
AT L L = &2
ek in;-‘%.‘g‘nﬂ‘-"‘aﬁ-f:‘e-% &

hearan e
ey S e A LS T
S s ¥ v X f =5 D PG
&% T, g NN At T R 2 ;:‘ 2]
S R oo :
SF e R P2 H Bl e e =
3 KT Fridnd LT i) “ % e
) oy T ‘;:'g""k?-fz‘z X :
i IR RSO .

Rl Z06 F.
¥Fig. 14 —Profile of Queen Creck dam.

low’s ranch in July, 1896. It is very difficult to make these meas-
urements with any considerable degree of aceuracy, owing to the
extremely flashy character of the stream, Almost the entire discharge
at this point is in the form of violent foods. It is estimated thafa
supply of about 10,000 acre-feet per annum can be depended upon
from this projeet, 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 mear at hand, with perfectly smooth surfaces and a maxi-
mum slope of about 40 feet to the mile.
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Arew and capacity of Queen Creek Reservoir,

contonr. | iz | i
2, 060 8 40
2,070 22 190
2, 080 52 560
2,090 112 1,880
2,100 209 2, 985
2,110 279 5,495

2,120 356 8,600
2,130 445 12, 605
2,149 558 17, 520
2,150 630 23, 360
2,160 Vo 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

Scale .
io 10 ECFEET

¥1a. 15.—Hection of proposed South Gils 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. Tt is the plan at pres-
ent to construct at this point a dam 50 feet in height, a section of
whieh is shown in Fig. 15. It is to be an overflow dam, protected ohn
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
aft the toe, one at the axis, and one at the heel of the dam. This dam
is to be utilized also as & diversion dam to raise the waters info 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 jrrigated 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 reclamation
solely upon the practicable water supply, renders the item of water
supply of vital importanee 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 seientific value. Unguestionably the main reliance for the
increase in waber supply is the storage of storm and winter waters and
those of the seagson of melting snows, to be held and allowed to flow
upon the land 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 topographiec and elimatic conditions in Arizona
are peculiarly favorable for the complete utilization of its hydrographic
possibilities. Few sections of the country are 8o well supplied with
excellent reservoir sites favorably situated for the congervation 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 searcity of practicable
topographic conditions for the construction of reservoirs at the place
where needed. The storage of water for domestic use in clties 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-
uets 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-
tiong for the construction of reservoirs is of no less fmportance than
the existence of waters to be stored. A basin of large capacity, capable
of being closed by & structure of small dimensions and unguestionable
safety, or if naturally already inclosed, capable of being pierced by a
tunnel or cut for drawing 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
watbers to be carried, within praecticable 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 of
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 sirong
impression on the public mind are so infrequent in occurrence and 50
enormous in volume that their storage and eomplete 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 oceur only once or twice in a great many years, and irriga~
tion can be extended only in approximate proportion fo 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 provigion 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 thig region, and a reservoir in which the reserve storage filled it
only to a depth of 8 feef would be entirely evaporated before the next
seagon. 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
congtruct for purposes of irrigation have their greatest areas in the
upper contours, it will be seen that to subtract 8, 16, 82, or 40 fee$
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 reservoiris 3,149 acres
and its eapacity 174,000 acre-feet. Should it be attempted to hold
guch & regervoir 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 eapacity is 97,000
acre-feet, or a little more than one-half the gquantity which was held
a8 & reserve. Should it be desired to hold a depth of 100 feet in the
reservoir as & 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 1o 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 capaecity 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 fhree or four years, even with very deep reservoirs.
With eomparatively shallow reservoirs no such use is possible. Such
great floods as oceur only once or twicein 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 esgentially similarinter-
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 mogt 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 Potomaec, 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
t0 control in Arizona the problem would still be unsolved, as an un-
known guantity 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 5 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
1l with solid matter unless means are provided for its removal. No
sntirely efiicient plan for this purpose has ever been put in operation.
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Tt 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. Theamount 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 district to be irrigated from it is oo vital to justify this convenient
golution, or rather evasion, of the problem.

‘At least one eminent engineering authority has expressed an opin-
ion that such a reservoir, even when filled, would retain about 30 per
eent 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, sach as bowlders, filling the voids
of these bowlders with eoarse 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. Bui whatever the per-
centage of voids, the water contained therein would not only be held
strongly by the forces of capillary attraction and surface fension, but
the friction in the containing material wounld 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.” Butexperience 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 capaecity. This method is not always possible,
Where possible it is always expensive, and so far from being & solu-
tion of the problem, merely postpones the date when some means

IRR 2~—7™0 :
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must be adopted of clearing out the impounded silt. It may, how-
ever, in gome cases be advisable, where the expense is not too great,
as the combined effect of raising the dam higherand of its filling with
gilt 1s fo 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 sluieing out the silt, 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 cages within praeticable
limits of expense. The method proposed is as follows:

A small water supply is to be obtained at considerable head over
the regervoir 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 carrying 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 info 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 o be empty these sluiceways are to be
opened to their full capacity and the deposited material hydraulicked
out, as in hydraulie mining. The material, being mostly fine and
freshly deposited, would wash eagily 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 diverfed below for purposes of jrri-
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 beleved to be by far the most feasible method yet
proposed for eleaning 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 4 measure compensate for the destruction of storage
eapacity. »

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 construetion 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 eonsiderable 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 gilt 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.

Asgide 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 eountries, 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 eapaeity. If this conduit must be of con-
siderable length or in very rough eountry-—and both conditions nsually
obtain—the project is defeated by that great bugbear of irrigation
possibilities previously referred to—the cost.

In respect to the existence of good matural reservoir sites upon
streams carrying the bulk of its surplus waters, southern Arizona is
particularly fortunate. The information upon this point, however,
ig 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 evaperation, 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 I1, Irrigation, page 34.

It has been proposed to lessen evaporation from resgervoirs 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 507.1 It is hardly probable {that this method can 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 cheek

iRifty-first Congress, second sesgion, Ex. Do, No. 287, Trrigation and Water Storage in the
Arid Regions, o report on the climatology of the arid regions of the United States with refer-
ence to irrigation. By Gen. A, W, Greely.
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evaporation in any degree. A test of a similar method of checking
evaporation wag 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 o similar gauge, was planted with water lilies of the genus Nymphe. 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, 1884, when
the gauge was needed for another use, A comparison of the results is shown by
parailel columng 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 8o often from one tank to the cther as to lead to the conclusion
that differences are due to accumulations of errors incident to obeervation., But
it is not easy to apply this explanation to the difference of .75 inch in favor of the
lily tank cccurring in June, 1863, However, the idea that the leaf ¢overing 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 fo those con-
ducted by Professor Boggs. It is proposed to cover the surface of the
regervoir with a film of erude 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 sfill
and placid. The tendeney of oil to diminish motion of water in
waves and rifles is well known, and this project might prove more or
less effective at such times as the winds are nob oo violent or con-
stant. 'This suggestion is made for what it is worth, in the hope of
inducing experiments to fest 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 & 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 distanees 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 ig, 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 ares is far less. The Santa Cruz River, at the
point where it leaves the mountains, discharges annually large quanti-
ties of water, which beecome progressively less, until well ouf into the
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desert the river is practically lost, and its discharge is zerc. The
game 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 fhe evaporation is usually
go 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 nsually be conduected in broad echannels constructed on
light grades through sand or loam where the loss from seepage and
avaporation will approximate a maximum; while from a mountain
reservoir it is msually 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 mot entirely lost, Further-
more, water stored in the mountaing 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 cosb
of such mountain storage is much greater than the same capacity ab
lower levels.

The reservoir sites already described on New River, Rioc 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 fhe great unusual floods which, as
previously pointed out, it is mneither 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 ab 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 ccea~
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 be impounded
by the construction of alarge reservoir on the lower ila, as deseribed
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 it is 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 mafter it is not to be regretied, 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 sifes hereinbefore deseribed have been
eonstrueted or some legal provision has been made to secure their full
utilization.

UNDERGROUND WATERS,

The possibilifies of irrigation by the development of percolating
waters degserves menfion. There ig 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 1385 feet in depth and 8 feet in diameter.
It normally containg a depth of 18 feet of water. The walls are of
ecement, so that water can enter only at the bottom. Twe 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-
ate, which would lower the water in the well about 6 feet, but when
the pumps are stopped the water recovers ifs 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 capacity was used
to keep the water down and permit the progress of the work, The
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ingress of water became 50 great as to be beyond the capacity of the
pump, and work was gtopped for that reason.

This large quantity of underground water is doubtless due to the
excessive application of water, as previounsly described in this report,
through the months of April and May, while the water in Salt River
is abundant, and irrigators are attempting o ‘“soak up” the land
preparatory to the low-water season, when the competition for water
rights becomes severe, If in Tuture 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 80 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 eaught 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 S8alt 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 fo 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 &
gratification to know that some part of the surplus waters applied to
the lapd returns to the river and can he used again, still this fact
affords no excuse for such use, and should not be allowed to weigh in
favor of its continuance.

In gome 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 SBanta
Cruz and some other streams which have ordinarily little or no surface
indications, but still discharge more or less water through a pervious
gubsoil. 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 ¥. Colton has collected a gquantity 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 eollected by
the Geslogical Survey, tegether with that glathered by Mr. Colton, so

L¥prigation Tnvestigation for Pima Resarv&tlon Benate Doc No. 27, Fifty-fourth Congress,

pocond session, i
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far as relates to Maricopa and Pinal counties, is shown in the follow-

ing tables:
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Wells of Maricopa County.
|
Location. é % "g Cost of—
. Ord B LA
o 3 & “6‘ =™
Neo. i Post-office. Owner of well. B B o | a8 e
' o lmirgs | eR| B | & |5 | Well | chin-
o P g |2 ery.
i A I sl
Ft. in.| Feet. | Feet.
4% | Phoenix-....- E R Rellun_.i....] 1§ 1) & me 0 7 B34 loa... £5,000 |- vrvrenn
L T Frank A, Phitfip .. 1} olori 1802 | 14 o] 261 14} 300 82,700
4. (51 J— Pheenix  Waler- 11 31 5} 1889 8 @ 35 17| 5,000 130,000
worlks. ’
45 | Tempe. ......| C. G Jores ........| 1| 413 18881 430 b1 I8 T 8 SRS P
46 | MOBR v Wm. Standags .| 1{ 53:20] 1865 5 0 42 4 118

Ho. L—Dug well; depth of water does not vary: it can not be ozmily lowered; flow has nob
diminished; water, soft; raised by bucket and nused for domestic purposes; alevation of surface,
1412, Strata passed through: SBandy soil, 11.5 feet; volcanic ash, 3 feet; hard whitish rock, 2
feet; sand and small gravel, 8.5 feet: wash gravel, 3 feet; hard whitish rock, 1 fool; gravel, 2
foeb; hard rock of & water-line formation, 8.5 feet. .

No. 2—Dug well; depth of water does nob vary, nor is it easily lowered; flow remained sta-
tionary; water rose 4 feet when strack; water, soft; raised by pump and used for domestic pur-
poses; elevation of surface, 1,448 fest. Strate passed through: Clay goil, 6 feet; gravel, 8 feel;
sand, 28feet; rock of & water formation, 2 feat.

No. 8.—Bored well: slevation of surface, 1,452 feet.

No. 4.~Dug woll; depth dces not very; Iz nob easily lowered; quality of water, soff; raised by
bucket and used for domestic purposes; elevation of surface, 1,458 feet. Strata pasged through
Clayish soll; last foot Time a8 water forrmation.

No. 5.—Dug well; depth does not vary during year; guality of waber, soft; water raised by
buckets and msed for domestic phrposes; elevation of surface, 1460 feet. Strate passed
through: Same as No, 4 '

No. 6.—Dug well; depth does not very during year; is nob easily Jowered; qualty of water,
RoPh; raised by bucket and nsed for domestic purposes; elavation of surface, 1450 feet. Strate
pasred through: Clay, with streaks of gravel; bottom in sdnd.

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

No. 8.Dug well; water easily lowered; quality of waber, soft; raiged by buckets and used
for domestic purposes; slevation of surface, 1,898 feet. Btrata passed throngh: Clay soil, 12 feet;
coment, 34 feed; sand, 12 feet; then ¢lay to watber. ]

No. b~Dug well; quality, soft; reised by bucket; nsed for house and stock; elevation of sur-
fuce, 1,454 foet. Stratn passed through: Bandy soil; bottom in sound vock.

No. 10.—Pug weli; depth of waterdoes pot vary during year; is not easily lowered; flow hag
incressed; quality of water, salt at :irst, herd now; raised by buckets and used for Gomestic
purposes; elevation of surface,1 875 feet. Strata passed through: Gravelly soil; wateringravel

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

Wo, 12.~Water not easily lowered; it rose when struck; fiow ineressed; waber, hard; raised by
purap; fow, 10,000 gallons per hour; elevation of surface, 1,395 feet. Strats at boltom: White
gand. '

No. 13.~Dug well; depth varies with height of river; cannot bo easily lowered; quality, alittle
alkaline; raised by purap; used for d¢mestic purposes. S@r#ta pagsed through: Alluvial soll, with
sand at water level.

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

No. 15.—Dug well; depth at first, 33 foet; water ab 51 feett sunk 1.5 feet each yesr; present
depth, 45 feet, and 1 foot water; Is easily lowered; flow diminished; elevation of surface, 1,488
feet. Sandy clay soil, i :

Wo: 16.~Dug well; depth varies during year; waber, hard, |

No. IT.~Dng well; depth does not'vary; isnot eastly lowered: rose one-hall foot when struck;
quality, soft; used for house and stock; elevation of surface, 1,388 feet., Sandy soll; bottom in
sond.

No. 18.—Dmg well; depth does not yary during year; lowers aboub 3 feed and no more; raised
by gang puep and horsepower; flaw, 6,600 gallons per hour; nsed for irrigation; slevation of
surface, 1,380 feet, Sandy =oil for 1§ 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 Aprilj variation sbout 1
{oot; noteasily lowered; quality, soft; raised by horsepower; waters 120 head of stock; elevation
of surface, 1,455 Teet; gravelly soil; bottom in water formation,

Wo. 20.—Dug well; depth does not vary; is not easily lowered: quality, medium; raised by
pummp; used for domestic purposes; slevation of surface, 1,505 feot; usual water formation of
rock st bottom.

No. 2L—-Dug well; quality, soft; raised by bucket; used for domestic purposes; elevation of
gurface, 1440 feet; sandy sofl on top water rock,

No. 22—Dug well: water riseslast of June, fallein December; not easily lowered; guality, soff,
but getting hard; raised by pump; waters 20 head of hogs, 70 herd of stock, 120 trees; elevation
of surface, 1,418 feet; soil, sand and clay, with strata of hardpan at bottom, bine clay; main
stream comes in from southenst.

No. 23Quality, sofh; elevation of surface, 1,441 feet; same rock botfom.

No. 24.—Dup well; quality, salt; elevation of surface, 1,439 feet; pandy scil; bottom below
water lime,

No. 25.~Dug well: quality, soft; elevation of surface, 1,450 feet; sand glrata.

No. 26.—Dug well; depth varies during year; not easily lowered; quality, hard; raised by
sbeam pump; elevation of surface, 1467 feet; at 3 feet struck coarse gravel, lasting 20 £eet; bot-
tom in water lime.

No. 2i.—Dug well; eased with redwood; Jowers in summer; easily lowered; quality,soft and
pare; soil, 1t feet alluvium, belance guicksand.

v No. 20.—Dmg well; size, 4 feet at top, 6 feet at bottom; level lowers some in summer; quality,
soft; raised by stesm 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. 80.—Drilled well; depth does not vary; can not be lowered with horsepower pump; used
for stock; strata, limestone.

No. 82.—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, 83.—Drilled well; dry; 8 miles southwest of Whitlow's ranch; between this well and
HFlorence are three other dry wells, with depths of 150 feet each.

No. 3t.—Well sunk in Queen Creek wash, 21 miles below Whitlow's ranch; ne water found.

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

No. 37.Dug well; lovel risesin April, falls 1ash of Fuly; iz easily lowered; flow has Inereasad;
quality, soft at first, now medium; raised by buckels, and waters 100 head of stock and 80 trees;
elevation of surface, 1,485 feet; gravelly soil with streaks of limestone.

No. 8.—Dug well; not easily lowered; water soft; raised by steam purp; discharge, 10,000 gal-
‘Jons per hour; elevetion of gurface, 1,170 feet; gravelly soil.

WNo. 80.—Dug well; elevation of surface, 1,380 feet; bolttom in gravel.

No. 40.—Dug well; depth does not vary during yvear; can he lowered by two buckets; water
goft, raised by buckets, and used for domestic purposes; elevation of surface, 1,456 feet; sandy
goil; water in a soft sandstone.

No. 1.—Dug well; enpacity tested by 6-inch centrifugal pumyp giving one-tenth of a cubic foob
per second, or 8,840 cubic feot per day; percolating area, 242 square feol, indicating a yield of 36
cubic feet per dmy for each square fool of surface. This sarface I8 in a very hard clay, which
has stood eight years without walling and still shows marks of the pick used in digging; water
uged for mill and domestic purposes; raised by steam pump. |

No. 42—Bored and drilled well; 18 feet to surface water; glight flow ab 382 fseb; not easily
lowered; used.for Irrigation; slluvisl soil 15 feet, hardpan 10 feet, alternate gravel beds 159 fest,
sand, cement, ete.

No. 43—Dug well; depth Suctuates about 30 inches during year; can not be easily lowered;
qusality, soft; raised by steam pump; discharge, 2 second-feet, and irrigates 520 acres.

No.4.—Dug well; level not easily lowered; guality, hard; water raised by pumping; discharge,
2,560,000 gallons per day; sappliss water to city of Pheenix; level steadily risen during past ten
vears; first 16 feet alluvial soil, balance howlders and coarse gravel.

No. 45.—Dug well; cased for § feet; level varies 4 feet during year; ean be easily lowered;
quality, soft; raised with bucket, and used for domestic purposes; strata, scil for sbout 14
feat, hardpan of cement and rocks, gravel.

No, 46.—Dug well; walled with brick; depth varies during year; nob easily lowered; gquality,

soft. '

A gelentific 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 faet, for the popu-
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lar mind is already filled with very exaggerated ideas of such possi-
bilities. Extravagant estimates of the guantity of ‘‘underflow” are
rife on all hands, and i% 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 valldys of Arizona ranges, according to locality
and season, from 5 to 10 feet in depth on the entire area exposed to
guch evaporation. :

Tt is the common assumption that evaporation iz much higher from
a water surface than from a saturated soil. The actual data on fhis
point are very meager, but; go 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 thatof a 1ar0® body of water;
also, that for a considerable distance below the surface the particles
of sand or of soil are kept mhoist 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 sheét of water.

But whatever the reason, and whatever the exact ratio the evapo-
ration from a sand bed bears o that of a body of water, we do know
that it is very great, and that if the precipifation of the entire Terri-
tory of Arizona were so distributed as to give the pofential 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 precipita-
tion is largely in execess 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 ajre 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 introducing 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 cubie 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 seeond. The
difference between fthese measurements may perhaps indicate the
inerease in the stream due to the development of theunderilow, though
even this is by no means certain. Hven 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 courge not conclusive with respect to
all other streams, it is an emphatic refutation of the popular theory
that such water ag falls in rain must be found either flowing in the
surface streams or under ground. Attempts at extensive underground
development should in all cases be preceded either by careful and
judicious experiments or thorough scientifie investigation.

The development of underground waters by means of pumps is
greatly hampered by the searcity 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 heconie exhasusted. 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 fo this work, but this motive
power, always fickle and unreliable, seems to be egpecially so in these
valleys; long periods of calm are said to oceur during the months
when water is most needed, and it iz usually considered necessary to
reenforee guch plants with steam or other motive power. Some
development, however, may be expecfed from nearly all the methods
above mentioned, but for a long fime fo come they must necessarily
be on & small scale and usually for individual purposes. .

SUMMARY.

It may be in order here to point out some of the difficulties under
which irrigation has herefofore labored, and fo 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
¢onflicting claims and interests. On the north side of the river are
the Farmers', Salt River, Maricopa, Grand, and Arizona canals, to be
paralieled by the partly constructed Rio Verde Canal. Allof the land
under the Arizona Canal could be watered much 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 ig, 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. They mightbe 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. Targeareas 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-
fions 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 exeeption 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
jurisdietion of the United States Government, and steps should at
once be taken to determine where and to what extent the water
resourees can be most esonomically developed, and no irrigable land
should pass out of the hands of the Government for irrigation pur-
poses except such arveas as it may be possible to irrigate. Persons
should not be allowed to obtain possession of the lands to be irrigated
excepb upon terms involving actual irrigation and cultivation. The
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absurdity and wastefulness of the contrary poliey are strikingly illus-
trated by a study of the map of theirrigated 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 if, very
little of which lies near the canal, and most of which is in small iso-
lated tracts. To watersuch tracts in such amanner requires not only
a large amount of construction 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 conduect 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 eonditions 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 posgibilities. 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 Salf River valleys,
Acres.

Trrigated area in Cochige County . . e e e e 8, 000
Irrigated area in Gila Counby ... ooouon e . 1,000
Irrigated area in Graham County .. ... . 10, 000
Irrigated area in Maricopa County. oo 86, 000
Irrigated area in Pima County .. 4,000
Irrigated area in Pinal County . v e e oo 7, 600
Irrigated ares in Yuma County. oo e e e e 1,000

Total irrigatedarea. ... . 108, 000

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

Rio Verde Canal project, ineluding New River Reservoir ..o oo oo oo 150, 000
Tonto Basin projoct . ..o e 800, 000
Agus Fris project, both reservoirs ... oo 80, 000
Cave Creek project ... oo 10, 000
Queen Creek project. . . . 5, 600
Walnut Grove Prodect. o u. oo oo e 5,000 -
The Buttes Beservolr. ..... o oot 100, 000
Oatman Flat Reservoir o .o .t e 50, 000
Varions small reservoirs on $ributaries of the Gila. ..o oo oL, 50, 000
Underground developments. .. ovuue e e vueeeeeenan e oo eee oo oo e 20, 000

TOtal —. e e e 770, 000
Aldveady Irrigated o ... con o e e 146, 600
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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 Coloradeo and its tributaries other than the Gila
system. 'Thisestimate includes only the Gila system, and though the
above figures are only rongh estimates, they are suggestive of the
importance to the future of Arizona of some comprehensive system
of irrigation adminigtration 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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