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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES (GEOLOGICAT. SURVEY,
Division 0¥ HYDROGRAPHY,
Washington, December 1, 1899,

Sik: T have the honor to transmit herewith a manuseript prepared
by Mr. J. B. Lippineott, giving the resunlts of surveys ot reservoirs on
trita River, Arizona, and to recommend that it be printed in the series
of Water-Supply and Irrigation Papers.

The investigations upon which this report is based were originally
intrusted to Mr, Arthur P. Davis, as he was familiar with the eondi-
tions through a preliminary survey. Before the field work was com-
pieted, however, his sérvices were required by the Niearagua Canal
Cominission, to extend the studies of the water supply of Central
America.  The responsible oversight was then intrusted to Mr. J. B.
Lippineott, who up to that time had been assisting Mr. Davis.

This report has been written by Mrv. Lippincott, and his conclusions
have been verified by Mr. James D. Schuyler. The latter has pre-
vared a coneise discussion of the matter, but at this time it is neces-
~ary only to quote his general conelusions and recommendatiouns, as
follows:

(1) That a minimum of 40,000 acre-feet of water annually should be stored for
i supply of the Indian reservation.

12) That it is not feasible to obtain this supply from Queen Creek, although
Uae construction of the damn and reservoir proposed on the stream is feasible if a
=.liicient water supply were available.

(3) That the Gila Biver is the only available source of permanent supply.

1) That it is not feasible or advisable to build a dam and reservoir on the Gila
wr storing so small a quantity as 40,000 acre-feet, on account of the rapidity wit
wiich a small reservoir must be filled with silt.

'9) That it is not feasible to construct a reserveir outside of the immediate
.‘:th_mel of the Gila River of sufficient capacity to provide for the wants of the
dedtans, filling the same annunally by a conduit from the river.

) That it is not advisable to build a dam and reservoir on the channel of the
fverof less capacity than one-half the total annual fiow of the river in minimum
Lears,

iT) That feasible reservoir and dam sites exist on the (#ila at the Buttes, River-
it and San Carlos,

i That it is not feasible to build a masonry dam at the Buttes, on account of

" Totten quality of the rock, the great depth to bed rock, and the excessive

“it of dam required to obtain a storage of 174,000 acre-feet, or about one-half
 winimum flow of the stream.

~
4
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(9) That the construction of a combination rock-fill and masonry dam is o,
ble at the Buttes at a cost of 52,643,327, storing 174,040 acre-feet, but that it is s
feasible to construct a dam of any type of greater height or capacity.

(10) That the Buttes reservoir of the stated capacity may be expected to fii;
with solid matter in eighteen years, unless dredged or sluiced out.

(11) That it is fgasihle to construct a masonry dam at Riverside at a cost of
81,989,603, including damages for right of way and diversion dam at the head of
the Florence canal, formin: & reservoir with a capacity of 221,134 acre-feet,

(12) That it is feasible to increase the height of dam at the Riverside dan s
least 70 feet higher than the one estimated npon, giving an ultimate reservoir
capacity of about 630,000 acre-feet, which would not be filled with solid matter
short of sixty-seven years.

(13) That it is feasible to construct a masonry dam at San Carlos at a cost of
$1,038,926, including damages for right of way and diversion dam at the head «f
the Florence canal, forming a reservoir of 241,206 acre-feet capacity, and that the
water supply is ample to fill such a reservoir in the years of minimum flow,
that the volume of storags will irrigate at least 100,000 acres in addition to the
irrigation of the lands of the Indians. -

(14) That it is feasible to construct a dam at San Carlos at least 70 feet higher
than that contemplated in the estimates, forming a reservoir whose ultimate capas-
ity would be approximately 550,000 acre-feet and whose probable life of nseful-
ness would be sixty-three years before being filled with silt.

(15) That provision should be made in the working plans for these ultimate
extensions suggested and the right of way reserved in the reservoir basin for the
additional area that may ultimately be tlooded.

(16) That the San Carlos dam should be built as the firststep to be taken for the
storage of water upon the Gila and that all other available sites should be per-
manently withdrawn from entry with a view to their ultimate utilization for stor-
age purposes,

(17) That the working plans for the San Carlos dam should be drawn to permit
of the complete utilization of all power which may be developed from the head of
the water issning from the reservoir and steps be taken for realizing upon the
full commercial value of the power, .

(18) That that portion of the public domain which can be irrigated and
reclaimed from the surplus storage of the Gila River reservoirs, over and above
what is required for the Sacaton Indian Reservation. should be withdrawn from
entry, segregated into an irrigation district, provided with a system of canals «f
distribution, and only offered for sale at a rate commensurate with their true
value ag irrigable lands with water rights, the proceeds to be placed in a fund &
be used ouly for continuning the improvement, extension, and care of reservoirs
and storage dams on the (zila River.

In addition to the investigation authorized by the act of July L
1898, related work was carried on at the same time under the annnal
appropriation for measuring the streams and determining the water
supply, thus furnishing general information which has been embadivd
in the following pages.  No attempt has been made in this paper t-
discriminate between the data aecquired by the two classes of licld
work.

Very respeetfully, F. H. NEWELL,
Hydrographer in Charge.
Hon. CoarLes D. WALCOTT,
Director United Slutes Geological Survey.
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STORAGE OF WATER ON GILA RIVER, ARIZONA.

By JOSEPH DBARLOW LIPPINCOTT.

EXISTING CONDITIONS.
‘LOCATION OF RESERVATION.

The Gila River Indian Reservation consists of a tract of 357,120 acres
ving on both sides of Gila River, in southern Arizona. It extends
.om a point about 9 miles west of Florence to the mouth of Salt
ziver, the prineipal tributary of the Gila, and is approximately 12 miles
.uth of Phenix, the eapital of the Territory. The greater portion of
4is reservation consists of land whose gentle slopes are well adapted
sirrigation.  From Jumne 1 to October 1 the weather is exceedingly
sarm.  The relative humidity of the locality, however, is low, so that
4w effeet of the heat is largely mitigated, and prostrations from this
ase are rare. It is probably as well suited to ocenpation [rom a
dmatie standpoint as the great valleys of central California ov the
withern Atlantic coast.  The winter secason is delightful, the tem-
spature seldom falling lower than 207 1.

The lands of this reservation are arid, the annual rainfall being
wtween T and § inches, & large portion of the precipitation occurring
firing the winter or nongrowing months.  The growth of all crops in
‘his distriet is wholly dependent upon irrigation, buf with water they
in be raised in continuous rotation, while suecesstul dry farming is
g impossibility.  What is true of the Indian reservation also applies
“rthe adjacent lands of the Gila River Valley. Wheat, barley, corn,
aul alfalfa grow luxuriantly when watered. The deciduous fruits
‘urish, but winter temperatures are too low for the citrus species.

DESCRIPTION OF TRIBES.

The Gila River Indian Reservation is occupied chiefly by the Pima
el Maricopa Indians and a limited number of Papagos. The first
towledge we have of these Indians is obtained from a narrative of
iheza de Vaca, a Spanish explorer, who visited this region about the
“ar 1335, after an adventurous journey overiand from Florida. This
aveler deseribes them very much as they arve to-day.  They occupied
‘v same lands as at present, and have evidently long been industvious
il successful farmers and ivvigators, as they eontinaed to be for
my years after the acquisition of Arizona by the United Siafes.
teir average wheat crop was about 2,000,000 pounds a year, besides
9
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12 STORAGE OF WATER ON GILA RIVER; ARIZONA.  {vo.3.

the larger number have become more or less dependent upon charity
or have degenerated info thieves and vagahbonds.

NECESSITY FOR RELIEF.

On March 27, 1893, Mr. J. Roe Young, United States Indian agent
at Sacaton, made a terse statement of the case to the Indian Bureau,
closing his letter with the following recommendation:

What is best to be done I do not know. I recommend, however, that a com-
petent, thorough, and skillful engineer, well acquainted with irrigation ques-
tions, be employed to ascertain and report, first, whether or not under existing
conditions a supply of water adequate to the needs of these Indians can be
obtained and retained permanently. and then, if such a supply can be obtained,
what is the best, most feasiblz. practicable, and economical method of doing so.
To properly do this the engineer should examine carefully the past and present
condition and flow of the Gila River, the amouunt of water which formerly passed
through this reservation, and the amount we are now receiving; the number and
amount of inches of water for which charters for ditches have been granted in the
different counties throngh which the Gila flows, and the amount of water tuken
out under these charters, together with the number of such charters now legally
in force; the undergronnd currents and rock strata along the river, and all wuat-
ters which, taken together, may lead to some solution of this guestion. I have been
unable to get an estimate of what amount such an investigation and report will
cost, but T would suggest that the sum of $5.000 be set apart from any appropria-
tion available for this purpose. Competent and first-class engineers, with abiliiy
to make such a report as this case requires, are scarce and high-priced, and thev
have to be well paid. It would be money thrown away to employ a man no:
thoroughly posted.

This matter should be taken up soon, in order that we may know what to expect
for next year.

Mr. Elwood Hadley, who is now (1899) the Indian agent at Sacatou,
in deseribing the present condition of the Indians of the Gila River
Reservation, writes as follows, under date of September 25, 1809

Approximately 6,000 Indians—Pimas, Papagos, and Maricopas—are dependent
for their subsistence upon the lands of the Gila River Reservation, which reservi-
tion contains 357.120 acres. It is estimated that half of the land could be mide
productive with water to irrigate it. The water supply in the Gila River the
present zeason, owing to its use for lands above us, has not been sufficient to irri-
gate 1,000 acres. Fually half the crops planted have not produced enough fur
seed, This land is very fertile. The condition of affairs here shows that in the
past three years there has been a large falling off in the water supply for irriz:-
tion. Thereasonisapparentin theabsorption of the water by additional cultivat!
lands above.

I notice in the Indians a restlessness as they realize their helpless condition. an
and am often confronted with the solicitous queries, What are we to do? If wv
plant what we have, what assurance have we of getting it back? Under favoritis
conditions these Indiaus, being agricultural and pastoral, would soon become indie
pendent, prosperous, civilized citizens. Othcrwise, discouragement, huuger, i
destitution are their lot. A nomadic life being taken on, their eld tribal natn
asserts itself, and the expenditures hitherto made and being made by the Govern
ment for their education and improvement prove a curse to them rather than .
blessing.

It is now necessary to issue considerable subsistence to the Indians whose cro; »
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.o been o failure. and this aid will have to be largely increased under the exist-
. » limited water supply. A supply of water would permit of the Pima boarding
. uyool establishing a model farm, greatly reducing the cost of maintaining the
_nuol of 200 pupils, and be & most valuable educational factor in the school life of
+»pupils. The available Indian labor in the construction of the reservoir is an
zportant factor, as it is much better to provide them labor with pay than keep
.»em as paupers. These Indians are willing to work. and their moral status is
o, Their attitude toward the United States has always been friendly, They
_yve saved the Government in protecting the early settlers from the ravages of the
ipaches. They have kept themselves within the bounds of law and order, and
are now left mpon the desert without water. Humanity speaks, economical
,iministration for the sustenance of the Indians speaks. and Nature, in her wise pro-
.isions, says, “ Let man’s means and intellizence be made operative, that these
ielinns. whose claims are meritorious, be reinstated in self-sustenance and lifted
:» the plane of prosperous American citizens.”

INVESTIGATION IN 18g6.

In November, 1895, the Secretary of the Interior instruected the
pirector of the Geological Survey to detail a civil engineer to make
the examination recommended, and My, Arthur P. Davis, hydrog-
raplher, was accordingly assigned to this task, in which he was assisted
v Mr. Cyrus C. Babb, assistant hydrographer, and Mr. J. B. Lippin-
«ott, resident hydrographer for California. Six months of time and
#1500 were expended in the field on the preliminary investigation,
md a report was submitted in 1896, entitled The Report on Irriga-
tion Investigation for the Benefit of the Pima and Other Indians on
the Gila River Indian Reservation, Arizona.

It was proposed to eonstruet a dam of masonry to the height of 170
‘et above the bed of the river, af which height natural facilities
sweur for the discharge of surplus waters through adequate spill-
ways., This would afford a storage of about 200,000 acre-feet of
vater below the flow line of 160 feet above the bed of the river. The
yrovisional estimate of the cost of this project aggregated $2,244,000,
The great uncertainty attaching to this project was the location of
sl roek at a great but unknown depth. Numerous reports were
sained of soundings varying from 40 to 30 feet in depth withont
“riking bed rock.

Inquiry showed that it wonld be impossible to obtain suitable drill-
iz maehinery for a thorough exploration of the foundation. and as ¢
creliminary makeshitt the method of sounding by driving vods was
sorted to. Rods were driven in eleven places, at intervals of 10
“t, in the proposed dam site, eight of the soundings being 30 feat or

wire and one reaching the depth of 45 feet. It was impossible with
“iemeans at hand to determine whether or not the rods had reached
“d€ rock, but the preliminary estimates were made on the hypothesis

‘it the depth of rock was 63 feet, and in the report of the work it

i recommended that *““thorongh exploration should be made with
teore drill before beginuing of construction of the dam.”

1Senate Doc. No. 27, Fifty-fourth Congress, second session.,
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14 STORAGE OF WATER ON GILA RIVER, ARIZONA.

INVESTIGATION IN 18gg.

For the purpose of continuing the investigation along the lines rec-
ommended by Mr. Davis a paragraph was inserted in the act making
appropriation for current and contingent expenses in the Indian
Department, approved July 1, 1898, as follows:

For ascertaining the depth of the bed rock at a place on Gila River. in Gila
County, Arizona, known as the Buttes, and particularly described in the Senate Doc-
ument Number Twen: y-seven, Fifty-fourth Congress, second session, and for ascer-
taining the feasibility and estimating in detail the cost of the construction of a
dam across theriver at that point for the purpose of irrigating the Sacaton Reser-
vation, and for ascertaining the uverage daily flow of water in the river at that
point, twenty thousand dollars, or so much thereof as may be necessary, the same
to be expended by the Director of the United States Greological Survey, under the
direction of the Secretary of the Interior: Provided, That nothing herein shall he
construed as in any way commnitting the United States to the construction of said
dam; and said Director shall also ascertain and report the feasibility and cost of
the Queen Creek project mentioned in said Senate document,

" In order to carry out the provisions of this act stream measure-
ments were begun on Gila River at the DButtes and on Queen Creck
at the site of the proposed dam, in November, 1848, and have been
maintained to date (October, 1899). As the site at the Buttes was
inaceessible by heavy wagons, a road was built to facilitate the {rans-
portation of machinery to the site for drilling. Bids were invited hy
advertisement for the exploration of bed rock, but were rejected, as
it was found that the amount of drilling desivable would, under the
most favorable proposal, cost more than the available funds. Two
diamond drills, a few diamonds, and two pipeﬂriviug machines were
loaned to the Survey for this work by the Nicaragna Canal Comumis-
sion, and borings were begun at the Buttes in January, 1399.

Twenty-five holes were put down to bed rock at the Buttes with a
diamond core drilling apparatus. These holes were distributed up
and down the narrow portions of the canyon in ovder to determine
the most aceeptable point for the location of the dam. The depihs
reached were unexpectedly great. This work is described in detail
under the account of the diamond core drill horings on page i~
The maximum depth reached by any of the holes was 122.6 fo
to bed rock. DBecause of this great depth an effort was made to fin
another loeation for a dam that could utilize the Duttes rescrvol
site as filed upon under the United States laws. The appeitanc
were favorable for the proximity of bed rock to the surface 1vad
the head of the Florenece canal, 3} miles below the Buftes, wini
the canyon is quite wide, but where outeroppings of rock in phe
oceur. The depth to bed vock at this site—32 feet 2 inches-
determined by borings shown on the map, L VIIL, B, was too u s
to justify the location of the dam at this place. The portion or !
canyon was contoured between the old reservoir survey, which oo
at the Buttes dam site proper and the head of the Florenee caen, s
that a revised capacity of the reservoir could be ecomputed if the
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| RIVER, ARIZONA. (s, - wapb1SCOTE ] INVESTIGATION IN 1509, 15
Jould be built at the head of the Florence canal. Ata point 4 miles
N 1899 shove the Buttes, where a dike of voleanie rock apparently of more
stigation along the lines r. recent geological formation than the surrounding eountry erossed the
3 inserted in the act maki. . ~anyon, another exploration for bed rock was made. The eanyon at
snt expenses in the Ind;. ‘his point at the base of the cliffs is 459 feet in width. As ahole was
1lows: put down to a depth of 96.3 feet without finding bed rock at this point,
at a place on Gila River, in ;. -his location was condemned as a dam site without further explora-
alarly described in the Senav.: 1, i, particularly in view of the execessive length of dam required.
tess, second session, and for i H In order to determine the feasibility of constructing a dam at the
the cost of the construction «t = | ;y41es ascompared with other possible locations. the Gila Riverabove
ok dgmipating she Shraton I i nis location was explored for reservoir sites, and three were found
ow of water in the river at + [ v : ; -
sof as may be necessary, the -, | i ample storage capacity. At Riverside, 12 miles above the Buttes,
ites Geological Survey, under - i by the course of the river, an available locality was selected and four-
led, That nothing herein shail'. ¢ :een holes were sunk. which determined a granite bed rock of good

States to the construction of =,
report the feasibility and cost
{e document,

quality to exist at a maximum depth of 75.5 feet. At the San Carlos
Jam site, the next loeation above, three holes were put down to deter-
mine the depth of bed rock. This was the last dam and reservoir site
discovered. The high water then interferred with the work to such
Buttes and on Queen Creet Ty oxtent that it had to be abandoned in August. The data obtained
ember, 1898, and have b+ qrom these three holes are very meager and should be extended, but

the site at the Duttes woo § hey had to be accepted in this estimate as determining bed rock at
built to facilitate the tran~ { hat point. At the Guthrie reservoir site, which is above Solomon-
H
t
{

5f this act stream measu:

e AT

lling. Bids were invited &, ville and uppermost of three available locations examined, a detailed
| rock, but were rejected, .- -mrvey was also made. The rock at this dam site consists of a mixed
¢ desirable would, under ' uleanie product, there being strata of gravel deposited between vari-
. the available funds. Tvw+ .5 lava flows. This was eonsidered sufficient in itself to condemn

pipe-driving machines were 1 g site for construction purposes. A railroad passes through the
e Nicaragua Canal Commi~ | lwngth of the reservoir and through the dam site, and a change in its
es in January, 1599, ¢ location would be a matter of difficulty and large expense.

ed rock at the Buttes with . ©  The upper portion of Gila River and its principal tributaries were
e holes were distributed u } .xplored by Mr. Cyrus C. Babb, hydrographer, as well as the basin of
anyon in order to determin } <y Pedro River. In both the Gila and San Pedro basins measure-

m of the dam. The depik- o ments of all canals were made in order to determine the amount of
i work is desecribed in deta . vater returning to the river from irvigation and for purposes of general
y drill borings on page 4~ uformation. This return water has a particular bearing upon our
if the holes was 122.6 fv" | uroject as contémplated in that the irrigation of 120,000 acres of land
1an effort was made to fin 1 the neighborhood of Florence and Sacaton may be expeeted to
utilize the Buties reservi serease the flow of the lower portion of Gila River in a way similar
tes laws. The appeavanc: “ithat of the eases investigated where irvigation has been practiced
«l rock to the surface ne: o term of years. In other words, if 50 per cent of the water used
as below the Buttes, whe srirrigation around Solomonville, on the upper portion of the river,
sroppings of rock in plac “turns fo the river below the places where it is used forirrigation, and
site—=s2 feet 2 inches—i- Smay again be nsed for like purpese below, a similar action may be
p, PL VIII, B, was too g “ipected below the irrigated lands which are supplied from this pro-
place. The portion of i ssed reservoir system.  Measurements of return water, or *‘seepage
wervolir survey, which begs “easurements,” were also made in the vieinity of Phenix, which show
ad of the Florence canal. » “tilar conditions.

yuld be computed if the dis

T = e s T SN, i T T R 4 Ty S A T




=1

16 'STORAGE OF WATER ON GILA RIVER, ARIZONA. [xo. 3,

The canyon of the Gila, between the mouth of the San Pedro and
the San Carlos dam site, was explored and found to be 31 miles in
length. It is a narrow gorge, as shown on PL II, being thus an excel-
lent conduit for the passing of the liberated water from the San Carlos
dam site to the irrigable lands below. A traverse survey was made
throughout its length. Observations for determining the averase
evaporation, the range of temperature, and the volumes of suspend|
silt in the river have been maintained at the Buites daring the periul
of the survey. A canal line has been surveyed from the Duttes dam
site past the head of the Florence caual, a distance of 4 miles. This
canal would be used in connection with the Buttes reservoir site {up
the purpose of delivering its water to the irrigable lands, and largely
for the development of power, which eould be used, if desired, in th
settlements that would spring up under this system.

Owing to the questionable character of the rock for building at the
Buttes dam site, quarry tests were made, as deseribed fully under i
deseription of the Buttes dam. Mr. E. Duryee, chemist and cement
expert, of Colton, California, investigated thoroughly the rocks of all
the localities in guestion, in order to determine the feasibility of the
manufacture of a natural hydraulic or a Portland cement.  Ilis inves-
tigation, as shown in detail on later pages, also determined the pos~i-
bility of using the siliceous rocks of the respective localities for hlend.
ing with Portland cement in the manufacture of what is known a-
“gand cement.” The extent of publie domain in the irrigable districi-
was determined from the land-office records at Tueson, Arizona.

Mr. J. IL Quinton was engaged to assist in the designing of the damn-
and other engineering works.,  He visited all the localities in guestios:
and made a careful field examination. Mr. James D. Schuylerwas via-
ployed for purposes of consultation in the planning of the work, in.u
advisory eapacity, and for this purpose made detailed examination-
of the various dam sites on two occasions during the progressof 11«
field investigation. The service which Mr. Schuyler has renderd .
this capacity has been of prime impertance to the work, owing to ©
very extended experience in the construction of dams for irrigath
purposes. '

The general plans for dams at all points have heen matiers ol o -
cussion during a period of months hyall the engineers connected »
this investigation. Each has contributed his share toward the for
tion of the final plans which Mr. Quinton has prepared.  The o
work for the report has been done in Los Angeles, where the pls
and estimates have been prepaved. Numerows laboratory fesi-
material from the dams and of the sand cements have Dheen
Mr. Arthur P. Davis, hydrographer, was in charge of the ovganizi
of the field work and of its exceution until May 1, 1594, wien hie
detailed to assist the Nicaragua Canal Conmission in its work o
Isthmus. Mr. Davis practically outlined the field work.  IHis -
with reference to plans of construction have been given most cas
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nsideration in reaching final conelusions, and to him is due the
_redit, in large part, for the successful earrying out of the work and
7y its breadth and scope.

AMOUNT OF WATER REQUIRED.

In order to determine the amount of water that will be required for
e Indians on the Gila River Indian Reservation, Mr. Elwood Had-
«v, United States Indian agent at Sacaton, was requested to make a
catement on the subjeet. In his reply, dated October 12, 1899, he
arites: )

It is estimated that there are nearly 4,500 Pima and Maricopa Indians on the
~wryvation dependent for their subsistence upon itslands. South of this reserva-
., in the country lying between the Southern Pacific Railroad and the border
.u2of Mexico, it is estimated that there are nearly 2,000 nomadic Papagos. who
‘.rive much of their subsistence from the Pimas of this reservation (Gila River)
1 exchange for their labor. The Pimas are liberal and kind to their more unfor-
rmate brothers, and give them a share of their products in return for their labor
= harvesting the crops.

The estimated number of Indians under my care is as follows: Pimas, 4,200;
“aricopas, 350; Papagos, 2,700: total. 7,250,

The number named above who live on reservations away from here would
S ully come here if they could be furnished with water. It is estimated that 2
» res of land will sustain an Indian.

The report of the Commissioner of Indian Affairs for 1896 gives for
'w Pima Ageney the following population: Pimas, 4,260; Maricopas,

i1 Papagos, 1,224 Papagos, nomadie, 2,046—total, 7,870. This does

o state, however, whether these are actually on this particular res-

~vition or on others.

In the report of Mr. Arthur P. Davis, of 1896, it is estimated that

Jacres of ground is necessary for the support of each Indian. This

silmate is thought to be liberal. In the irrigated districts of south-
1 California an inhabitant to each acre is sustained. For the irri-
Ationof grain probably 1.5 acre-feet of water is sufficient for the com-

“te development of the erop for each season: but for the growth of
»falfa or orchards a lower duty of water will be required, and 2 acre-

“ per acre is assumed in this report to be a satisfactory supply. If

“fe arve 7,250 Indians now located upon this reservation or deriving

“ir subsistence from it, each requiring 1.5 acres of irrigated land, it

ild be necessary to supply 10,875 acres with water to meet present

sands, At the rate of 2 acre-feet of water for each acre irrigated,

“ill be necessary to furnish 21,750 acre-feet to the reservation to

1 this requirement. There will doubtless be other Indians on

<hboring reservations on the lower portion of Gila River, whomn

* Department would desire to move onto the Gila Reservation in

“an abundant supply of water could be furnished to them. In

“Wof these possible transfers, and of the natural increase in nuinbers

e tribes now dependent upon the reservation, a prospective demand

“he yeservoir system of £0,100 acre-feet is considered necessary.
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18 STORAGE OF WATER ON GILA RIVER, ARIZONA. [~o. 35.

WATER SsUPPLY.
‘ PRECIPITATION.

Rainfall observations have been taken at thirty-one different points
in the basin of Gila River above the Buttes, as shown on PL IIT, 4, the
earliest record beginning at Fort Bayard, New Mexico, in 1867, TUn-
doubtedly the greatest precipitation of the basin ocecurs in the
higher mountains, in its northeastern portion. The records for these
mountain distriets are rare, most of them being taken in the valleys
where settlements and agriculture oceur. It is probable, therefore,
that the actual rainfall for the basin is greater than that indicated by
the tables and diagrams. Ior the purpose of this report the rainfall
observations in the basin of Gila River above the Buttes have been
grouped in three classes in the following table—first, the Gila Basin
proper, exclusive of the basin of the San Pedro; second, the basin
of the San Pedro; and third, a series of observations at three stations
in the vieinity of Florence, five stations in the basin of Santa Cruz
River, which stream enters the Gila below the mouth of the Salt, and
three sets of observations in the vieinity of Phenix. The segregation
of the records into the groups named is for the purpose of comparing
the relative amount of water available for storage purposes at the
reservoir site at San Carlos and at the Buttes.

Awmwnwal rainfall, 7 inehes, in basin of Gila River above San Carlos, Arizona,
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Aunnal rainfall, in inches, at stations in basin of Sun Pedro River. Arizona.
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20 STORAGE OF WATER OXN GILA RIVER, ARIZONA. [¥o0. 3.

The records in the vicinity of Florence and Phenix apply to the
distriets where the water stored will probably be applied for irrigation,
and indicate the need of an artificial supply. In the ease of the San
Pedro Basin, the greater portion of its water supply is furnished near
the headwaters of that stream. The lower portion of the river,
which constitutes the greater part of its area, being low in elevation,
has a relatively lighter rainfall, and, owing to the flat nature of the
valleys, a low per cent of run-off. The observations of precipitation
in the San Pedro Basin have, with one exception—those of Dudley-
ville—been made in this upper portion of the basin and at points of
high elevation. They indieate, therefore, a water supply in excess of
conditions as they really exist.

In connection with the study of the increase of rainfall with an
inerease in elevation, the following table is of interest:

Increase of rainfall with each 100 feet of rise in elevation, with Fort MeDowell as

a base.
: Constant
Elevation Meas- B :
; Length of | Eleva- . inerease
Station. A al d
S record. | tion. |IRoten | rain. L)
¥Yr. mo. Fect. Feet, Diches. Inches, I
McDowell . ... =] 28 10} 21,280 |.-ccnceu- 10. 38 Base.
Lowell ....._......... ceee| 19 5| 2,400 1,150 | 12.87 0.17
Breckenridge ... ... ..... |6 10| 3,800 2,550 | 17.03 .26
FortGrant .__....____.......| 17 2| 4,80 | 3,610 | 16.85 A8
Fort Buchanan ... .. ... | 3 11| 5,330 4,030 | 21.58 a7
Fort Apache. ... ... . _.._. 18 10| 5,050 3,800 | 21.04 .28
=5 1 6 O .22 3,160 1,910 | 13.13 .15
Proscotticames sdnmsveve il 28 Th| 5,890 S 4,140 | 17.06 .16
' 1,47
Mean . - cmnsesnass AT W A — 21

Comparing the stations given in this table with the record at Fort
McDowell, which is a very old one, extending from 1867 to 1888, it ix
found that in eastern Arizona the rate of inecrease for each 100 fecl
of rise in elevation is 0.21 of an inch of rain. It is probable that, not-
withstanding the faet that the mean rainfall as measured above S
Carlos for all stations is 12.57 inches, and that the mean for the S
Pedro Basin is given as 14,13, the average rainfall of the basin ol the
Gila above San Carlos is greater than the average for the entire ~i
Pedro Basin, and consequently the run-off per square mile of the =un
Pedro Basin, owing particularly to the flat valley lands through whivh
the river flows in the greater portion of its course, is less than the
run-off per squarve mile of the Gila above San Carlos. This is =us
tained by observations of flow of both streams during a period of five
months,

A diagram is given (P’l. IV) showing the precipitation, in inches pes .
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annum, during the years when observations of the rainfall were made
af various typical stations. For 1890 the figures are estimated after
september 1. Data were had from the records of the Signal Serviee
md of the Weather Bureau showing the amount of precipitation
-ach month at each of the eighteen stations named in the table, but
they are considered too voluminous for publication. The table of
annual rainfall in the basin of the Gila is compiled from this mass of
Jetail.  After careful consideration it was deemed impossible to give
an average rainfall for the basin based on probable rainfall at various

means of the stations at which observations were made, each being
sdven equal weight in the years when its record occurs. In the case
of the upper portion of the Gila the mean has not been extended back
of 1881, as suflicient data do not exist upon which to base an accurate
deduetion. The few points at which observations were taken prior
to 1881 would probably indicate a greater rainfall for the basin than
rxisted, owing to their relatively great elevation. In like manner,
the record of the San Pedro is not extended back of 1856.
SUBDIVISIONS OF THE DRAINAGE BASIN.

The outlines of the Gila River Basin have been marked on the Land
Office maps of Arizona and New Mexico and the areas measured by
planimeter. The basin of the southern tributary, the San Pedro,
rxtends into the Republie of Mexico. TFrom the hest obtainable data
the ares in Mexico has been determined to be 120 square miles. The
llowing table classifies the drainage basin of the 3ila above the
buttes into three parts: Fivst, the area above the San Carlos dam
site, which would be tributary to a reservoir if located at that point;
weond, the arca of the basin of San Pedro River; third, small inter-
mediate basins below San Carlos. The San Pedro Basin is diffi-
rult of exact determination, owing to the execessive flatness of the
sulphur Springs Valley, extending from mnear Camp Grant to the
Mexican line and varying {rom 30 to 40 miles in width. This valley
s a great sink from which little or no run-off oceurs, and it has been
liminated from consideration in this estimate south of the Graham
Uounty line. A small area between San Carlos and the Buttes is
lireetly tributary to Gila River, independently of the San Pedro.
I'he principal stream in this last-named distriet is Mineral Creek.

Drainage arca of Gila River above the Buttes, Avizona.

Uzainage above San Carlos: Square miles.
M-ATITONR oo in s it e s e s e s P e R T i e e IS
| 5B P T T T S R 6,077
bRl e BN R R 13,455
~in Pedro above mouth:
I A TTZ0TIA o e eme e mmmm i o s i B i e i i i e 3,336
T B e 120
DO ccmann s o s nm s s e e RS R S R e A 3,430
mall tributaries between San Carlos and the Buttes . ....__. e 923
Total arca of Gila Basin above the Buttes__ _________._____________. 17,834

e 1 ]

-utal area below San Carlos._____.__

Jevations. The means given in the table and diagrams are the direct:
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22 STORAGE OF WATER ON GILA RIVER, ARIZONA. {~o. 33.

The total accepted area for the basin of Gila River above the Buttes
is 17,834 square miles. The total area below San Carlos and above
the Buttes is 4,379 square miles, which is practically 25 per cent of
the entire area above the Buttes.

RELATIVE FLOW AT SAN CARLOS AND THE BUTTES.

In the Twelfth Annual Report of the Survey, Part 11, page 303, is
given a tabulation of the observations made on San Pedro River at

(its mouth, at Dudleyville, Arizona, from May to August, inclusive,

1890. Duringthis period there was dischavged from that stream 19,488
acre-feet of water. During the same period of time, as measured at
the Buttes below the mouth of San Pedro River, there was a total
discharge from the basin of 207,936 acre-feet. This shows that 9.4
per cent of the total discharge of the basin above the Buttes came
from the San Pedro, and that 90.6 per ceat eame from other portions
of the stream. There are 923 square miles tributary to the Gila
above the Buttes and Dbelow San Carlos other than the San Pedro
drainage. )
From the above figures it is considered fair to estimate that 0 per
cent of the water of Gila River comes from above San Carlos and
that a reservoir located at the last-named point weuld only lose 10
per cent of the total amount flowing by the Buttes. Moreover, the
amount which enters the stream below San Carlos would not neces-
sarily be entirely lost to a reservoir at that point, as the discharee
from the reservoir could be regulated, at least in part, so as to take
advantage of the amount of water available from the San Pedro.
The synchronous observations which have been made from July 19 to
September 23, 15899, at San Carlos and at the Buttes have not vet
been of sufficient duration to admit of drawing general conelusions.
During the monih of July the record indieated that 91 per cent of
the total flow at the Buttes passed Saun Carlos. During the month
of August there was deficient rainfall throughout Arizona in gen-
eral. According to the statement of the Weather Bureau (report for
August, 1899, Arizona section), ** The average precipitation for the
Territory for the month of August was 85 per cent less than the nor-
mal. The average determined from the measurcments of 59 statioins
was 1.26 inches, which is 1.75 inches less than the average for Angusi.
1898. The greatest amount measured at any station during the monii
was 5.77, at Fort Huachuea, and no precipitation was reported at =ov-
eral stations.” Fort Huachuca is in the headwaters of the basin o
the San Pedro, and the rainfall at other stations in that neighiboriies
was abnormally large for Aagust.  As might be expected, theretv:
during the month of August the discharge from the San Pedro B
been proportionately great.  The record of siveam measureinetis
indicates 60 per cent of the total flow as measured at the Buttes pis-
ing San Carlos during August.  From September 1 to 23, inclusive
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VA AL SR .mscort] RELATIVE FLOW AT SAN CARLOS AND THE BUTTES. 23
% Hiaversibae L i i wre was 539 per cent at San Carlos. No rainfall records for Septem-
w an A ‘”'l": BHE At : ,- 1899, are at present (October 3, 1899) available. '
eastieally 24 gerness o The record for the four months given in 1890 indicates 90 per cent
of the total flow at the Buttes available at San Carlos, and during
ND THE BUTTES. #e two complete months (July 19 to September 23) when the meas-
rements were maintained in 1899 at both places a mean of 74 per
vey. Part 1L puee : +nt was available at San Carlos, or an average for the entire period

fee on Sam Pedro 120

: { six months of 83 per cent at San Carlos.
ay 1o Ausust, inelae

The following figures ave the result of comparative measurements at
-he Buttes and San Carlos during July, August, and September, 1899:

B T

a from that stresn | -
ol time, as measige ot

iver. there wis o 10y, comparative discharge of Gila River at San Carlos and the Butfes,in cubic feet
whe This shows thar o3 per second.
above the Duriee i = :
came from other oo ‘ i July. August. September.
s tributary br 0, i I A
vs tributary to the o ; l SanCar-| The SanCar-| The SanCar-| The
her than the San Juets § los. iButtes. los. | Buttes. | los. |Bntm.
. : ' e I 0 | 1,80
Ar to estimate that oy ! e R ) ' 3|¥i’$ z 0
o Y 3 : 5 )
m above Sun Carios i 7 e B 2" 560
A . EE W T e 520 | 1,00 |
point would only i i i ;,E:B &0
: T osiiathvanss 3 )
e Buttes.  Morveovers, - ¢ 8 150 I,Ei\i_)
Carlos would mot e - - %3 5351‘3
t point, as the disei i {! Y i ‘
. - - z 3uT
ast In part] so as tac d % ______________ fﬁ% ;::7
ble from the San 1! 1 S . e % ﬁ‘:}
een made from July i | Pewssiamsiae 200 313
v B : hive e e e AL 1800 140 210
ithe Buttes have ‘n ! t A A ‘3-‘?“‘*" i s,}m ﬁ? 15&)
~i wneral cortelitsioss 3 ) Bl . 2174 4100 4 35 |
ving ge :lu_x 1} comvlu T " }g;"ﬁ i 1o o E
sted at 9 53 o G P 3 e . 1 SR 1
e Bty w1 | Sl I A
rlos, wring the nee b i LS (
rios E g Eh 70 | 1,550 110
oughout Avizona in . § B0 | 1,550
- 3 | 0| 3,640 80
cather Bureau (vepor: 960 | 2,440 140
b L R ; 500 | 2,415 8
age preeipifation for § R P 953 50
wer eent less than tie i 7 (L S—— T Y 1405 61 | 535 | o3
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asurements of 5 st ! 1
an the average for Anw
cetitiondurineilie i The inspeection and study of the basin of the San Pedro, as well as
Ation was reportied o of the Gila proper, by members of this Survey, and the study made of
U N, g T the relative values of their drainage areas, justify the conelusion drawn
tions in that neich s from all the measurements that 90 per cent of the total low as meas-
bt B exhioted, e ured at the Buttes is available at San Carlos. The larger part of the
s Tiioiic he Siir Pedre rater of Gila River comes {rom the San Carlos, the San Francisco, the
of stream memstre: lilue, and the extreme eastern branches of the stream, and a small
aisured at the Buties bereent enters from the San Simon Plains, which lie between Solomon-
LR o ville a s P s : Ap Samitin Chmg A
wember 1 to 23, incli- 1 Ville and Bowie station on the Southern Pacific Company’s railroad.
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24 STORAGE OF WATER ON GILA RIVER, ARIZONA, {~xo. 33.

Wherever irrigation is practiced a certain portion of the water is
permanently lost by evaporation from the surface of the ground or

* from the leaves of the growing plants. Another portion of the water

used for irrigation, varying in amount from 20 to 50 per cent, depend-
ing upon the nature of the soil and the slopes of the irrigated lands
toward the drainage lines, sinks into the ground. This is known as
seepage or return water. It fills the pores in the soil, gradually rais-
ing the water plane until it flows into natural drainage lines and
becomes again available for irrvigation. In the Solomonville Valley,
in the Gila River Narrows, below the Sanchez diteh, there was, on April
15, 1899, 237 second-feet of water. Within a distance of 40.7 miles
below this point there was diverted in ditches 429.8 second-feet of
water. A small amount of water is wasted back into the river from
these ditches, but the actual amount used for irrigation is 64 per cent
in excess of the amount available for that purpose at the highest point
of diversion. In other words, an amount equal to 64 per cent of the
water found at the head works on April 15, 1899, found its way through
underground courses back into the river.

In the valley of the Salt River, near Phenix, there was 40 per cent
more water used for irrigation in June, 1899, than was flowing in the
river at the highest point of diversion at the head works of the Arizona
Canal. It must be remembered in this connection, however, that
during the months of July and August there is a much larger volume
of water diverted for irrigation than on the dates when these measure-
ments were made, and that a larger amount of water is used on other
occasions for the irrigation of these lands than is indicated in this
repori.

In order to determine the actual ratio between the return water and
the amount applied to irrigation the average annual quantity used
for irrigation for a term of years should be determined. This amount
is at present unknown. It is, however, fair to assume that a substan-
tial percentage of all water used for irvigation finds its way back into
the channel of the two streams named above. This may be as high as
25 per cent, as it is known to be greater in other localities. Deecause
of the exceedingly slow movement through soil the dischavge is regu-
lated and iz of a constant nature. TFor instance, the flow of Los
Angeles River, in California, which receives its water supply from
the sand and gravel beds of the San Fernando Valley, which under-
ground reservoir is charged with intermittent fleeds, has not varied
in amount during the last fhree yvears to exceed 15 per cent.

It may be confidently expected that as a result of the irrigation of
120,000 acres of lands in the Gila River Valley between Florence and
Sacaton 20 or 25 per cent of the water used in this irrigation will
return to the channel of Gila River and will be available for further
use at lower peints on this stream. This would be sufficient to irri-
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PPINCOTT.) MEASUREMENTS OF GILA RIVER. 25

e from 24,000 to 30,000 acres of land, in addition to the areas esti-
puted as eapable of being served from a reservoir on Gila River.

MEASUREMENTS OF GILA RIVER AT THE BUTTES, ARIZONA.

Gila River leaves the mountains and enters the plains at a point
15 miles above Florence, known as the Duttes. At this place the
dver is in a eanyon, which is approximately 450 feet wide, its bed
iwing covered with sand and gravel to a maximum depth of 123 feet.
iiweyond this point, until it forms a junction with its principal tribu-
qary, Salt River, it loses in volume. A gaging station was established
kere and the amount of water available from the basin was aceurately
determined by the Geological Survey from August 26, 1839, to August
i1, 1890, but the work was stopped at the end of this time by lack of
wvailable funds.  The results of these measurements arve given in the
Twelfth Annual Report, Part 11, Irrigation, pages 306 to 309, and fol-
lowing tables, and are shown graphieally on PL. VI, B. A gap oceurs
in the record from August, 1590, to August, 1895. In the fall of 1895
measurements were begun by the reestablishment of a station at the
Buttes above Florence, at the same point that observations were made
during the years 1889 and 1890,

From August 1, 1805, to December 10, 1895, gage heights and depths

were observed by W. Richins, and oceasional estimates of veloeity were

made, and with these data and the measurements made subsequent
to the middle of December the daily discharge for the months of
August, September, and November, and the early part of December,
1393, has been ascertained. "These results ean be regarded only in
the light of approximations and do not compare in value with those
following December 10. Measurements were continued throughout
he year 1896 by W. J. Brash, daily readings of the gage being taken
and enrrent-meter measurements made from one to three times a week.
The data obtained for the period following December 10, 1895, and
vstending to October, 1896, are of a hizh degree of accuracy.

During the yvear 1897 measurements were continued at this station
b WL J. Brash and Albert T. Colton, forty-nine measurements of
discharge being taken, the last measurement being made on October
24, 1897, Mr. Brash, who was connected with this work in 1896 and
‘N7, died in the fall of 1897, and no other person residing in that
‘mmediate locality, it was not possible, with funds available, to have
‘he gage rod read daily.

\luasurements were made between March 7 and October 10, 1898,
v Albert T. Colton, and subsequent to November 14 by Cyrus C.
Sabb and others connected with the present investigation. Sixteen
eter measnrements of discharge were thusmade, as shown by the dia-
=, PL. VI, B, prior to November 25,1898, After this time a contin-

w4

g

A A



e R RS S e
26 STORAGE OF WATER ON GILA RIVER, ARIZONA.  [xo.

uous record was nmintainod_to; t,l_x;e:gqf(l of the year. In order to ma
the best possible use of the sixté@whservations made prior to Nove
ber 25, 1898, the volumes as measured on those dates were plotted
diagram, the vertical axis representing volumes measured in cul
feet per second and the horizontal axis representing intervals of o
day’s time each. The points thus determined were connected
straight lines, and from this diagram monthly estimates of dischar
were made. Subsequent to November 25, 1898, daily observations
gage height and area were taken and frequent meter measuremen
of volume made. As daily measurements of areas in square feet we
made, the rating curve graphically shown on PL. VI, 4, is in terms
areas of cross section and discharge.

During the year 1899, until.October 20, measurements of area we
made daily and frequent observations of velocity were taken with
meter. The results are shown graphically on PL. VI, B. The vatii
table applying from November 25, 1898, to July 10, 1899, is used fortl
first portion of thisyear. The meter which was inservice at the Butt
got out of order July 20, 1899, and until August 10 observations .
gage height and arca were taken daily. The discharge during th
interval has been computed by using values corresponding to the
heights determined from the rating curve shownon PL VIIT, 4. Th
exhibits the relation between gage height and discharge, and also, !
the position of the small dots, the values determined by meter mea
urements. The following table expresses numerically the values give
in the rating curve:

Rating table for Gila River at the Buttes, Arizona, from July 11, 1899, to .Luyn

10, 1895,
: | i | : I
Gago Dis- J Gage Dis- | Gage | Dis- | Gage | Dis |
| height. | charge. | height.  charge. | height. | charge | height. | charge. |
3 It i i 1 i |
Y PP S
Sec.-fl. || Sec.ft. | i Seefl.
| 13 25 | T a0l 39 | L 3. )
[ Ls 2.8 2 | L0 LaW 5.2 |
17 2.9 40 | £1 | e i 581
1.8 30 500 |1 42 | 1w [ 54|
1.9 31 0 O B 1 %
20 3.2 i (V| R O 5 1) | 1 I
B oLl 5
53 =S I - O S
54 30 | dE| XR | &R
5 5% Sl 9| el &S|
. DA et ) . e i B | < . :
2.6 3.5 1,310 i 5.0 | 3,180 d 9.0 1 10510

From these daily measurements of area and frequent measuremes
of discharge, together with the rating tables mentioned alwove. t
following table of volumes of diseharge for Gila River at the Bt
“from November 23, 1398, to September 30,1899, has been prepared.
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28 STORAGE OF WATER OX GILA® RIVER, ARIZONA. [~o0.33.
Estimated monthly discharge of Gilo River at the Butles, Arizona, i
' [Drainage area, 17,834 square miles.] '
Discharge in second{eet.; Run-off. !
| [Total for ‘
Month. st i ! mﬁg:.];_mn i ! Second - i
xi- ini- epth in' feet per N
mum.| mum. | Mean. | feet. {Hpojee square i
| i ) nile, 3
[ i §
.T lésgl ! A t
i Septemnber ..o e veee ceeineeannn| 210 90 28| 7.616] 000! 0009 H
| October ... 210 140 157 9,655 0013 0.011 5
H November .. 250 156 =12 12,614 0.017 0.015 1
! December ... LTI 00 124 Z5 | 16008 03| 0.0 i
{ 1890,
: JANUALY coeooe oo e e eam e | 2,100 310 680 | 41,812 0.056 | 0.049
| February B O B 405 78 42,100 1043 0.042
| March ... l 300 B 5,505 0.2 0. 024 i
| April .. 33 153 23 H, 16 0.014 0.017 \
| ¥ eee 150 35 87 5.3 0207 | 0206
] June. 35 = 23 1.ttt 0, (2 0.102 H
1 July _.... J ane 11 130 7,905 0.610 | 0.000 §
b T TN S A A e 630 | 1,115 3137 1e2ses| o3| 0.2 o
s
Total for season 1859-90____. | R e 503 | 565,561 01T booon e i E:
1895, |
Augnust__..... 0.115 |
Septembe 0,154 ; i
October 0.115 i ]
Novembe . st 0. 011 i |
December ........ 1,177 0.056 1 0,055 | i |
Potal-ociasccvsvminms: St | oo ] ‘
1806. | : o]
JADNATY ccnenoemeecone semssrmnncann | 500 230 26 24310 0.3 0.02 | |
February ... . 340 175 Ze 12T 0.016 1 0015 | i i
March --... 3t 153 202 | 14,880 [ER L S TR ITE !
Avpril .. HO i 120 1, 711 [URHI € S A ] !
May .. 63 2 | 2| 1,9 DR 0.2 ! [
June... 3 1 5| LTt 0.y | D6 +
i July ... 11,508 1| Ll siob| 0421 0l v
1 August.... 3,150 5 B I b RIS { i
i September .. 2,850 450 G50 | il
| October . ... | Lm0| 418 301 s
! November .. 2975 i 1,637 | (L0TH f
bi December ... B s U1 BN | .ot | / 1
! Perannum ....... .| 1,798 1 B2 GLG208 | 0850 Ol | 'ohay
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jrer af the Duttes, Arizona, stimated monthly dischorge of Gilu River at the Buttes. Arizona—Continued.
. 1Drainage ared, 1. \3{ Brﬂi&,m,?im‘q ]
== . D:.%h.u;.e in second-feet. , Run-off.
sonied-fomet. Run .7 " T = (Total for:
- Total for, — 3 } Month. Maxi- ! Mini- Mear m?tléflsm Depthin f‘?'t:tc'}lnlcdl
nn:ll'l-\rl‘!:.lmb -.. . mum. | mum. & R feet. l inches. squ_n{'e
Mean. | feet. I'a‘:i}:,:“ £ " g ¥ mile.
i t 1809, '
perpm—— 1 ol m | m | el ol con
| - i RN Tosl TS| oonpi oo
G| omms owem ot wom R g;;;;g; | gons
nols : 2 Yo | 0.
' b e o2 Rel padl| o8| bum) L
| £100 60 GLS| st | 0o L 0
S e b 10,187 2| W Bz ! 0.0460 | 00411
oL '. ) R e e
i | - :
B I irom the foregoing data the following tables of annual discharge
000 v £ Gila River at the Buttes and at San Carlos have been compiled:
b dimated annval discharge of Gila River at the Buttes and San Carlos, Avizona.
o l . ' ~ Bauttes. : San Carlos.a
h i Aére-Jeet. 1 Acre-feet,
| i Seasonal year 1889-00, Sept, 1 to Aug. 31_._._____._.| 366,561 329, 905
: | Fractional year 1805, Aug. 1to Dec. 31.... ... _i 354,429 | 318,986
T, [P R g Tttt ABH e wsincms s wmam s sy smssins 616,206 | 534,587
an i o Fractional year 1897, Jan. 1to Oct. 3 ._____. S 503,585 : 453,227
oot _ Year 1898, approximate_......._...... _..ce......] 863,902 I 327,512
s * [Practional year 1809, Jan. 1 to Sept. 30 smmee-e---- | 208,010 | 183,519
a Ninety per cent of volume at the Buttes.
: ,
' Inorder to get the greatest possible value from the records which
e ¢ ave been compiled, and more particularly 1o make comparison with
e deannual rainfall records, the table given below has been prepared.
N i © Inthis statement every month in which measurements were taken is
e I ansidered in the determination of an average monthly discharge for
:‘.‘_:'.lﬁ el . whmonth of the year. 'There are sixty months in all during whieh
:::‘ X ¢ imervations were inade, there being five different years in which the
b4 [ow was observed between Januwavy amd September, inclusive, and
- ar years in which November and December observations were
ade,  From this table the mean monthly dischavge is determined,
il where a year has seven or more months of measured record, ’th
Mmaining portion of it being deficient, the mean monthiy discharge,
sdetermined, is substituted for the months in which the record is
“feetive,  In this way a complete estimated record for five years is
tained, four months having been supplied for the year 1800, two
vthe year 18307, and three for the present year, 1899, A mean
sl diseharge is obtained by adding the mean monthly discharges
adly measured, so that the mean annual discharge, which is 455,515
we-feet, is determined only from actual measurements, and includes
. e e S I s
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all measurements that have been made. According to the census of
1890, there were but 6,619 acres irrigated from this great water suy.
ply, or less than 3 per cent of its possible utility. Practically the
same area is irrigated at present as in 1890.

Estimated montkly mean, annual, and mean annual discharge, in acre-feet, of
Gila River at the Buttes, Arizona.

[Drainage area, 17,834 square miles. Sixty months of observation.]

Year. January. Februa.ry.} March. April. May. | June.
41,812 32,100 | 14.161 1,606 |
24, 349 12,027 | 10,711 295 |
79,074 10, 41,206 3,098
39,352 26, 936 32,549 14,995
19,552 13,273 3,630 307
10,828 28,675 20,481 4072 |
) — ; - |
Year. July. | August. Septem-| gtoner.) %zifn' Debgf‘m Total.

er., |

9,055 | 12.614
af3.100 | a6, 401
06,066 | 65, 633
254868 61,708
49,100 | 236,491
L858 1 6,010

= g 16,0685
V3,000 | L30T | 43,022 | 83,100 | @B, 491

65,745 | 247 52,508 ss,mi 36,491 | 30,120 | 469,003

a Approximate.

Using the data obtained from the above table to determine the prob.
able conditions which would exist at San Carlos and at the Buttes, the
table given below has been prepared. The amount of water measurad
at the Buttes is the basis of comparison, 50 per cent of the volume
being taken as available at San Carlos during the years in which the
observations were made. This table is given in order to determine
the proper heights of dams to be constructed either at San Carles
or at the Buttes. Trom the volumes available annually have been
deduected the contents of the reservoirs with the damsagreed upon fuor
consideration in this report, and a eolumn both for the Buttes and
for San Carlos is given, showing the surplus water each year.

Volume, in acre-feet, available at the Buttes and at San Carlos, and surplus alor
capacity of respective reservoirs.

[Capacity of the Buttes reservoir, 174,040 acre-feet. Capacity of San Carlos reservoir, 211
acre-feet. ]

The Buttes. San Carlos.

i
Year. i

Surplus.

Avnilublr:.l Surplus | Available,
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[n order to make a comparison between the years in which observa-
.nsof volumes diseharged at the Buttes were made and years in which
_infallrecords were taken in the basin of Gila River, the diagramon 1.
11, B, is given. The rainfall data for this diagram is taken from the
.mmary given on page 19, and is the mean for the entire basin of
,ila River above the Buttes. The record begins in 1831 and extends
, 1899, ineclusive, covering eighteen years of rainfall record, that for
<19 being estimated for the period after September 1. DBelow the
~cord of rainfall, which is in inches of depth, is given, for correspond-
4z years, the volume discharged in acre-feet. Itis desirable to deter-
ine whether years in which discharge measurements were made were
wars of excessive or deficient rainfall. 1t will be seen that the year
<97 is one of approximiately average rainfall, and that in this year
wice as much water was available for storage, either at San Carlos or
« the Buttes, as the reservoirs could hold. The year 1895 was one of
xeessive rainfall, but it shows less run-off than the year 1897. This
< probably accounted for by the nature of the storms occurring in
4e basin during that period, a greater portion of the water being
:hsorbed by the ground and evaporated in 1893. The run-off from a
ard rain is relatively higher than the run-off resulting from a slow
«in or a gentle shower.

There is no record of discharge for the years of markedly deficient
ainfall, unless it be the present year, 1899, for which the record is
seomplete.  During the first eight months of the year 1899 the rain-
Al for the portion of the basin above San Carlos was 6.40 inches, or
i per eent of the mean. During this same period the precipitation

v the San Pedro stations was 96 per cent of the mean. To August 1
w rainfall for the entire basin was 80 per cent of the usual precipita-
“. This would indicate for the present year a probable mean rain-
Tilof 10.59 for the basin. The year for which we have the lowest
weord, as determined by our table, is 1885, when the average raintall
‘i the basin was 8.11 inehes. This comparison is quite rough, but it
Zves some idea of the general conditions.

It will be seen from the above that the year 1899 is among the years
Tlow run-off and rainfall. Numerous people were asked concerning
te relative dryness of the vear 18399 in Arvizona. There was a unani-
wus verdiet expressed to the effecet that it was the driest year which
“iey have had in the last ten, as regards both rainfall and the amount
{ water in the streams. From the table of volumes available at the
Adites and at San Carlos, the surplus which is estimated for the year
“1) is seen to be 179,599 acre-feet at the Buttes and 76,879 acre-feet
¢ San Carlos. There is still a margin for drier years than the ones
irough which we have just passed.

It is, of ecourse, impossible to prediet absolutely that either of the
“strvoirs as projected would always be filled, but there is probability,
“not eertainty, that in all ordinary years, in all years of excessive
“infall, and in all years of ordinary drought the reservoirs will be
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32 STORAGE OF WATER ON GILA RIVER, ARIZONA. 0. 83.

more than filled, and that only in conditions of excessive drought,
surpassing those of record and of memory, is there a pdssibility that

_the reservoir as planned either at the Buttes or at San Carlos will

not be completely filled. Even should it not be completely filled,
it is eertain that a partial supply will always be available, so that the
irvigated lands supplied from this source can readily be brought
through one scason of drought without serious damage. These periods
of excessive drought are not likely to oceur oftener than once every
fifteen years. )

From the data and tables given in the previous paragraphs, it is
considered that, as far as the water supply is eoncerned, a dam 170
feet high at the Buttes, storing 174,040 acre-feet of water, or a dam
130 feet high at San Carlos, storing 241,396 acre-feet of water, can be
built with every assurance of suececess. The statement is ventured
that there are no reservoirs in arid Ameriea that have a more certain
water supply, proportional to their capacity, than these proposed res-
ervoirs on the Gila River.

EVAPORATION.

In the Twelfth Annual Report of the Survey, page 303, there is
given a table showing the probable monthly evaporation from a water
surface in Arizona, from observations made in the Southwest by the
Survey. This is aceepted as the basis of estimates for evaporation in
this report:

Loss by evaporation from o waler surface.

i | |
Month. | Quantity. ,i\ Month. | Quantity.

; I

I Inches. I| Inches.
JERVATY aziavaiiamavanyoyses 3 |i B L] 411, | e e e A Y 13
February..... 5 4 ;| September..... : 10
March .. 6 1 October........ 6
April .__ 7 || November ..... 5
May - 10 | December.__... s
June . 1| _—
July _ .. 2 Total...cocioncians 91

| il

It is obvious that in order to obtain an approximate idea of the loss
by evaporation from a reservoir, an estimate must be made of the area
that will be exposed to evaporation. For this purpose the following
table has been prepared. If is assumed that 100,000 acre-feet of
water should be in the Buttes reservoir at the end of the irvrigation
season, or on November 1, of each year. The amcunt of water, in
acre-feet, that will probably flow inte the reservoir during November
has been obtained from the table of the estimate of monthly mean,
annual, and mean annual discharges of the river al the Buttes. The
amount of inflow for each month is added to the amount of water
available from the previous months. The annual consumption from
the reservoir is assumed to be the capacity of a completely filled ves-
ervoir, which in the case of the Duttes is 174040 acre-feet. The
amount of this water consumed each month has been estimated in the
column marked *Portion of reservoir used.”
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dronehs 11 is assumed that a eertain amount of water will always be required
iHiby Ve . ihe eanals, even in winter time, for the ivrvigation of annual plants
rlos wi! A 1o provide for domestic and stoek water. The fifth column of
i filedd . table is entitled ““ Outflow for irrigation,” and is given for each
Clued qnth of the year,  This is obtained Ly multiplying the annual eon-
bt Cption by the per cent used cach month.  This monthly consump- .
eoperiods ais dedueted from the amount available in the reservoir at the end 5 4
OV < eneh month, and irom these figures the mean area of the water
iffnee in the reservoir each month is obtained and given in column
phs, it s ~woentitled “Arvea exposed (o evaporation.”  The depth of evapora-
dum e a for each month is then taken from the above, and the resulting
or i dan ~= by evaporation is shown in the eighth coluinn, entitled *‘ Loss by
r.oean b aporation.™  The next ecolumn shows the total loss from the reser- .
Ve nn e Aqr from evaporation and irrigation; the tenth column, the remainder :
ceertain o o the reservoir at the end of each month, and the eleventh column,
o] res ae amount that is wasted from a full reservoir, the capacity of the
o eservoir being 174,040 acre-feet, and the annual outflow of the basin {

©the Buottes being estimated as 469,093 acre-feet, as shown inAthe

shle on page 30. In an average year the total waste is 193,590 acre- f
vt of water.

The loss by evaporation under the above conditions would be 22,370 i
~re-feet, but there still would be available from the reservoir for irri-
sition its full eapacity of 174,010 acre-feet of water. It is of interest
qnote that under the above conditions there never would be less than
S ¢ 820 acre-feet of water in the reservoir, which is sufficient to pro- .

there i-
Eil watler
< by v
ratien iy

sity. | de for a complete summer irvigation, in ease the stream should be !
i ~utirely dry for a period of five months. i
"as, i = H
o i
o - lypothetical sunvnary of amonnt of water in the Buttes reservoir eacl month, with {
" I ) d i
5 i 3 use, evaporation, and surplis,
13 !
ot ! ' ! -
= ] ! Con- IPor AT | Total l
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As the conditions above named are all assumed, the figures used
are round numbers. It is probable that a more complete knowledge
of the stream will permit of a greater annual consumption by irriga-
tion than the capacity of the reservoir alone would indicate. The
driest year of which we have any record would permit the use of
174,040 acre-feet of water from the Buttes reservoir, with a substan-
tial reserve.

Accurate observations of evaporation are always difficult to obtain,
owing to variation in wind veloeities and general exposure of the evap-
orating pan. The effort should be made to have conditions in the
evaporation pan that would be similar to those existing in the reser-
voir, from which the loss from this source is to be determined. For
this reason it is necessary to float the evaporation pan in the river or
in a canal, and the fluetuations of the water surface are often so
great that the pan is frequently either upset or entirely lost. Rain
falling on the pan has also to be considered, and it is known thaf the
amount of catchment in a pan 3 feet square is relatively larger than
the catchment in a standard rain gage, the diameter of whose cup is
8 inches. In the Twelfth Annual Report of the Survey, page 233, is
given a statement of some evaporation observations made in the
Southwest. These do not cover complete months and may be mis-
leading.

Observations of evaporation from graduated tubes were made at

g

the Buttes from January to July, 1894, hese tubes were exposed

“in the shade, and the wind was prevented frem acting divectly on the

water's surface. The results obtained are of doubtful value and are
not used. In July, 1899, an evaporating pan was floated in the river
at the Buttes, but the record was so muech interfered with by high
water upsetting the pan that it is considered unreliable. Later the
attempt was made to float the pan in an artificial pon.

SPILLWAY PROVISIONS.

The accompanying illustrations, Pls. V, IX, and XTI, exhibit the
conditions at the Buttes dam site, and show the prineipal features of
the proposed spillway. In the report by 3Mr. Davis, of 1506, he deter-
mined the maximum flood that weuld have fo be provided for at the
dams in this stream, as follows:

The first consideration in plans for a dam under the ciremmstances here pre-
sented is the provision for a saie and adequate spillway. The large catchmentaren
of this stream. its mountainouns character, the pancity of soil and vegetation on
these mountains, exposing considerable avea of bare rock on steep slopes, and the
sudden and violent nature of the swinmer rainstorms indicate the necessity of 2
spillway of large proportions. What this capacity shonld Le is recognized as one
of the important and diffienlt problems. The best evidence thus far obtained
regarding past freshets on this river was kindly furnished by Mr. Albert T. Col-
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LIPPINCOTT.] SILT. 35
ton. The greatest rise so far recorded on the Gila River occurred ou the 22d
of February, 1891. Considerable evidence was obtained that no such flood has
occurred since a date many years before the advent of the white man. Irrigating
Jditches supposed to be extremely old were overflowed and destroyed. Landswere
overflowed that had retained no evidence of any previous inundation.

On June 12, 1892, about sixteen months after this flood, Mr. Colton found marks
of high water on both banks of the river far above any of the ordinary freshets,
which he attributed to the great flood. This point was about 3} miles below the
head of the Florence canal. or approximately 6 miles below the Buttes. With
his level he took a cross section of the river at this point and measured the slope
of the chaunel. The cross section he obtained was 6.600 square feet. The slope
measured was 10.56 feet per mile. The channel was sandy and free of brush or
jarge bowlders or other obstructions for a distance of 300 feet above and 300 feet
below the cross section. This information, meager as it is, is the best we have
apon which to estimate the discharge of the river at that time.

The difficulty in obtaining correct results of this discharge lies in the uncer-
tainty of the retarding effect of the channel upon the flow of the water. This
retarding effect in a rough river bed is very great. Assuming this quantity as
small as it could possibly be, a computation of the discharge was made, using
Katter’s formula. The factor of roughness designated in the formula as ““» " was
taken as 0.025. Not that this was considered the correct factor, as it is almost
certainly too small, but by assuming the smallest possible value of *“»” we obtain
the largest discharze, and it is the largest discharge that should be provided for
in the construction of a spillway. It is thought, therefore. that this computation
will give conservative results, and that a spillway based upon the discharge
obtained would be safe. The result obtained was 102,556 cubic feet per second.
And it is to accommodate this discharge that the spillway is planned. It will be
ween at once that ne sueh spillway could be economically provided artificially. and
that the accommodation of the topography to the provision of this spillway is one
important determining feature of the location and height of the dam.

SILT.

The following further quotation is made from the same report of
Mr. Davis:

The amount of solid material carried by such a stream as the Gila can belearned
only by impounding it. Asit isconsiderable, it is obvious that a reservoir built on
thig water course will eventually fill with solid matter unless means are provided
for its removal. No entirely sufficient plan for this purpose has ever been put in
nperation. It is nsually assnmed, and often with truth, that the life of the reser-
voir is sufficiently Jong to justify its construction even though it will eventoally
fill and have its usefulness destroved. This disposition of the problem, however,
anot applicable to the present case. The amount of material carried by this
stream is too large and the necessity of the reservoir to the life of the district to
e irrigated from it is too vital to justify this convenient solution or, rather, eva-
sion of the problem.

The mnost astonishing acconnts are obtained from the inhabitants of this region
of the quantity of silt carried in suspension by this stream when in flood. Many
Iwople in their emphatic expressions place the quantity at one-half the volume,
though, of course, this is impossible. It is said, however, that in the months of
Ialy and August. when the surface of the ground is exceedingly dry, when it has
been ground to powder even in the most isolated and apparently inaccessible
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36 STORAGLE OF WATER ON GILA RIVER, ARIZONA. [vo. 33.

localities by range cattle and horses in search of grass. when the great torrential
“cloud-bursts.” to which this conntry is subject, fall upon such ground and rush
off the steep slopes into the stream with prodigious velocity, the amount of silt
carried in suspension by the roaring torrent is very great.

* * * * * * *

Attempts have been made. however, by private parties from time to time to
measure the amount of suspended material. The most important and reliable of
these measurements were those made by Mr. Albert T, Colton in the month ending
August 7, 1893, and by Mr. W. Richins at the Buttes. Alr. Colton found the per-
centage of silt by volnme averaged 2.2 per cent. As these cbservations were taken
and reduced by Mr. Colren, who is a comnpetent engineer, they are adopted as cor-
rect. The observations by Mr. Richins extended from July 29 to December 31,
1895. They were taken by the following method:

A sample of the water was poured into a slender glass tube until it reached
the height of 100 divisions on a conveunient scale, and was then allowed to settle
several days, until the main portion of the water was clear. The height of the
sediment on the same scale was then read and th: result recorded as the percent-
age of mud carried by the water. The existence of this record, and the ease with
which more of such observations could be tuken, made it important that an
approximate relation be established Letween the volume of this mud and that of
the actunal solid matterit contained. For this purpose several laboratory determi-
nations bave been made with inuddy samples of Gila water |y settling and read-
ing the volume of mud as above and then drying the residue at 100° C. and deter-
mining its volume.

These observations indicate an average ratio of dry matter to mud of about one-
fitth, and this factor has been used to reduce the mud observations of Mr. Richins
to solid matter,

W * * *® * * *

1t should be remembered that these observations take no account of material

that is rolled on the Lottom of the stream.

On page 32 of Mr. Davis’s report of 1896 a table is given showing
the percentage of mud and seolid matter ecarried each day from July
29 to December 31 in Gila River at the Buttes. The following table
gives, in columns Nos. 3 and 4, this percentage of mud and of solids.
In column No. 2 the number of acre-feet discharged on corresponding
dates is given, and columns Nos. 5 and 6 give the number of acre-feet
of mud and solids for the same dates.  During this period the volume
of water discharged at the Duttes was 360,523 acre-feet, and from the
table it is found that 37,954 acre-feet of mud was carried in suspension
by this water. This, reduced by the ratio of 5 to 1. as adopted by Mr.
Davis, gives 7,704 acre-feet of solids., The average amount of mud
during this period is 10.5 per cent.

i e & A o Bt 4L AR A e o A NI MR 4

e

J—

I e e

r— g,

B et Larwa

P

e b i



RIVER, ARIZONA. [y, =

rass. when the great torren::.,
ill upon such ground and -
us velocity, the amount of »-:.r;
r great.

* * -
parties from time to tiny. -
no=t important and reliyl),.-. -
T. Colton inthe montl ep - .
25, Mr. Colton found t},e yi#
these observations were 1. n
incer, they are adopted ;..
rom July 29 to December i1

r glass tube until it reaet,
«l was then allowed to «os: .
-as clear. The height of 1:.
~ult recorded as the pire..
this record, and the eqnse vwi
made it important thut -
e of this mud and ;. -
ie several laboratory detirr
v water Ly settling and r...

residue at 100° C. and di-ter-

matter to mud of about « 1.
observations of Mr. Rich.n-

* *

take no.account of muteril

t table is given showin

ied each day from Juis
5. The following 1l
¢ of mud and of soliis
arged on correspondin
the number of acre-roe
“this period the voline
acre-feet, and from ti

s earried in suspension
to 1, as adopted by Mr
erage amount of el

Ve

(=

b A L WS

Loy e i,

R

pINCOTT.] . SILT. _ 37

Discharge of sediment of Gila River at the Buttes for 1895.

bserver, W. Richins,]

July. August.
Day. ] 1 ;
Water.| Mud. l'i'olir]a | Mud. |b‘ol]‘ds.; Water. | Mud. iboiuhi‘ Mud. |Solids.
| 1
— —
Peret. | Peret Acre fr‘. -k.reft; ..-Ici'clﬂi Pr-rlc_t.! Pcr;c(l". ‘_-lcn'l:{;t Ae f'r;-‘f
4 2 E GH i
200 40 1496 0
20 | 1.0 34T 69
201 4.0 30! =
11 8.0 2938 39
2 | 4.0 | 1.312 2t |
15 3.0 ! 487 97
15! 3.0 all 102 |
15 | 3.0 499 100 |
2| Zal o owr| el
1 | 1.4 159 32
il L4 17, 5
54 1.+ 152 30
T l 1.4 e 41
il 1.4 152 30
71 14 2 28
il L4| B2 2
T 1.4 48 a2
71 1.4 180 [ a3
(il 1.4 a2 108
7| L4 514 103
il L4 | B
o4l s8] o
T 1.4 H6 80
71 14| =8| 53
1320 :] 14 ¥m| & |
i 300 17 | 34| 1,084 a1y
2,651 1 15 | 3.0 424 S
2, ; 15 l 3.0 3 (1]
4 ) I | I 11,006 | 2,213
5| | [
T ;
September. ! October. i
Day. I | i
Water.| Mud. ‘mhds Mud. i} olids.,; Water, i Mud. iSi:\HLls. Mud. JSr)hde‘s.;
| | i
H Perct. | Pn‘rcf -lme -t Jmc_ﬂ Aere-rt | Peret. | Perel f.
3 7 | 3.4 256 1 18, m | 20 4.0 2,
1Im] 34| 2 | 1 :].nJ 2
15 i 3.0| 20 | ; 15 ¢ 3.0 24
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Discharge of sediment of Gila River at the Buttes for 1895—Continued.

November. December.
Day. | 7
Water.| Mud. ;Solids.| Mud. |Solids.| Water. { Mud. |Solids.| Mud. |Solids.
o |
| .
Acre-ft| Per ct.| Per ct. |Acre-ft Acre-fti Acre-ft. | Per ct. | Per ct. | Acre-ft Acre-éﬂi
2 5 1.0 40 8 2,277 2 0.4 48 |
2 3 .6 24| 5 2,020 | 3 4 40 8
792 3 .8 24 | 5 1,822 2 4 36 7 |
1,950 5 1.0 9 | 20 1,822 3 A 36 71
182 5| 1.0 91 1B 1,82 2 a4 36 7
1,82 3 .6 55 1 1,822 2 .4 36 T
1,228 3 .6 37 T 1,663 1 .2 17 3
1,228 3 .6 37 7 1,663 1 .2 17 3
1,228 2 .4 25 5 1,663 1 -2 17 3
1,109 2 4 2 4 1,525 1 .2 15 3
1,109 2 .4 2 4 1,527 1 -3 15 3
1,822 3 .8 35 11 1.471 1 -2 15 3
1,980 3 .6 5 12 1,471 0 .0 0 0
1,822 2 .4 36 T 1,471 0 .0 0 0
1,228 2 .4 25 5 1,416 0 .0 0 0
990 < 0 .0 0 0 1,416 0 .0 0 0
02 0 .0 0] 0 1,416 0 .0 0 0
792 0 i) 0 0 1,360 1 -2 14 3
634 0 .0 0 0 1,360 1 .2 14 3
4 0 .0 0 0 1,360 1 2 14 3
0 .0 0 [i] 1,305 0 .0 0 0
3 .6 18 4 1,249 0 .0 0 0
5 10 114 2 1,360 0 0 1] 0
) 1.0 743 149 1,471 2 .4 2 6
5 1.0 235 148 1,560 2 4 27 4 |
3 .6 143 23 1,305 1 .2 13 3!
3 .6 125 | 5! 1,299 1 .2 12 21
3 .6 101 | 20§ Lig2 1 2 12 21
3 .6 89 181 1137 0 .0 ] 0!
2 4 51 10 1.081 0 .0 0 0
......... R ] et 1,826 ] .0 0 1]
i I}
soivsiadeesiases| B 2T8 bot i 4B, T tosavusia|svmisis 461 &0
|

Beginning on January 1, 1899, and continuing until July 31, 1899,
silt observations were again maintained at the Buttes, the amount of
mud and silt being determined as was done in 1895. The results are
shown in the following table. This differs slightly in construction
from the previous table, but gives results which correspond with it.
Column No. 2 gives the daily discharge of the river in second-feet,
column No. 3 the per eent of solids, and column No. 4 the solids in
second-feet. From the mean monthly discharge in second-feet of
water and of solids, the acre-feet of each foreach month is determined,
as indicated. The total amount of water discharged during the first
seven months of 1899 was 118,981 acre-feot, and the amount of solids
determined was 1,393 acre-feet, or 1.6 per cent of solids or 3 per cent
of mud.

Adding the total number of acre-feet of water during the period of
silt observations in 1895 to the acre-feet of water discharged in 1x%
gives 479,504 acre-feet of waterand a total amount of solids duringthe
entire period of 9,507 acre-feet. IFrom these figures an average of =
per cent of solids for the entire period of observation is determined.
It will be noted that the observations in 1895 began on July 29 and
extended to Deeember 31, while the observations of 1899 hegan Janu-
ary 1 and extended to July 31, inclusive, making one complete year
and three days. The total mean annual diseharge of water of Gilt
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ttes for 1895—Continuel, Discharge of sediment of Gila River at the Buttes jor 1899.
IR e [Observer, C. W. Lemon.]
December.
e i January. February. March.
! .y Day. - : -
I I Mud. |Solids.| 3Mud. ir--... .1 E Water. |Solids.| Solids. | Water. | Solids.| Solids. | Water. |Bolids.| Solids.
=i o Secoft. | Perct.| Secnft. | Secft. | Perot.| Sec.qt. | Secft. | Perct.| Sea st
{_‘lPercé A e [ Lessssemosae 20|10 64 |0l u.c’é{ %f;r, i 5%
U i > b - > . .69 - ' 35 ol i
w2 & -4 (- i3 1 8w | 10 T4 550 .3 .53 155 = 3
) 2 i 2 ' 28 | 10 51 i3 3 2 1o a e
. ] : p i 5 ; .1 11 o 2
2| Al M : i 25 | 1o .55 n | 2 ‘18 m | 1 N
g| 4| &) ¢ : 255 | 1.0 51 25 1 1 0 1 5 .03
1 2 A i | @ | Lo 5 = 2 -0 1 A ‘B
< - 4 s i 3 & 3 P
1 2 T 2 . 4 o@s | 1o ¥ 300 3 08 140 1 ‘B
il 2| B| 3 4 W | 0| & B I ®| | oa| B
1 -2 | 13 800 | 10 1.80 75 1 203 140 5 0
0 i 4 i 1 &0 10 1200 275 B 2 100 1 02
0 -2 -4 (.- 15 43 [ 10 87 275 8 H 100 a a2
0 2 - ) J 3w | Lo 78 55 d .20 100 il e
0 -0 . 2 : ] s3] Lo | . .8 170 4 14 110 1 2
0 4 % i e 4 35| 10 69 170 4 Bt 155 3 -3
1 -2 1,‘ 4 i 1 0| 10 Bt 140 4 1 155 1 ‘B
1 -2 % : 3 1 25 .3 ‘16 170 -3 -10 155 b .03
i 2 . * 3 255 = .10 170 3 .10 155 1 .03
o1 Bl ol o 1 % 1 o= | 3 09 1| 3 10 uw |1 .03
-2 0 i §F & 320 3 (19 135 3 09 140 i .03
0 ‘4] o0 voof 4 870 ) 15 200 .3 .12 140 1 .03
2 4 % I - 255 2 10 155 2 206 1 1 .03
2 4 2l 3 1 3w 3 12 155 B .06 140 1 .03
- 3 e 5 55 = 5 2 05 2 .02
1 .:’6 | 1-3 CA A 235 3 4 : 125 <1 02
0 4 3 R 1 T 1 (3 = 110 a1 02
9 ol 0 \ s ¥ Al 185 2 .04 10 1 .02
IR i i ){eun S6C.-
! eet.... . a1 .48 230 12 130.5 .12
b Acm foet _ 19,552 30 13,273 7 7,003 1.0
. N E April. .
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River at the Buttes has been determined as 469,093 acre-feet. If 9
per cent of this volume be considered as solids, it will indicate an
annual discharge of solids of 9,382 acre-feet, which corresponds very
closely with the 9,597 acre-feet determined in the twelve months dur-
ing which observations oceurred.

The capacity of the Buttes reservoir, with the dam 150 feet high to
the spillway, is 174,040 acre-feet. 1If 9,711 acre-feet of solid matter iy
delivered to the reservoir each month, and it all settles in passing
through the basin, this reservoir would fill with solid matter in
eighteen and six-tenths years. The mean annual flow of water of
Gila River at San Carlos has been determined as 422,184 acre-feet.
If 2 per cent of this volume is solids, there would be delivered to the
reservoir 8,443 acre-feet of solids per annum. The capacity of the
San Carlos reservoir, with the dam as planned, 130 feet high to the
spillway, is 241,396 acre-feet. It 8,443 acre-feet of solid matter
should be delivered: to this reservoir each year and should be depos-
ited therein, it would fill .in twenty-eight and five-tenths years.

These figures show the exceeding gravity of the silt proposition on
Gila River. No other stream is known in Awmerica which carries such
large volumes of débris. It is evident that some provision must be
made to avoid the destruction of the reservoir or the building of the
dam would be usecless. It would be cruel to develop a civilization
upon irrigation which would have to be destroyed at the end of a zen-
eration. It is extremely fortunate that there is move than one reser-
voir site on Gila River the water from which would be available for
irrigation in the neighborhood of the Gila River Indian Reservation.
If a dam should be constructed at San Carlos and the reservoir become
filled with silt, it would be possible to construct at the end of the
twenty-eight and five-tenthsyears a second dam at Riverside of equal
capacity, and after that reservoir became filled with silt the dam at
the Buttes could be built. A fourth reservoir site of considerable
value may be found at Guthrie, above the Solomonville Valley, on
the same stream, and of large capacity. In the case of all these dams
the capacity increases very rapidly with an increased height of dam.
For instance, if the Buttes dam shonld be raised 10 feet above the
150-foot, contour, its capacity would be increased 33,755 acre-feet; and
if raised 20 feet, its capacity would be increased 72,355 acre-feet. 1t
the San Carlos dam should be inereased in height 20 feet, its storage
capacity would be inereased 133,780 acre-feet. It would therefor
be possible to very greatly inerease the storage capacity of these ves
ervoirs by building the dams to greater heights as the basin filled with
mud. The spillways of the San Carlos dam, as planned, could be
raised 1.24 feet in height, increasing the capacity of the reserveir to
that extent at small cost, without endangering the structure.

The silt which is earried by Gila River is exceedingly light amd

requires a number of days to settle ina test tube, and itis believed thit!
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¢ portion of it will remain in suspension until it is carried over the spill-
.av or through the gates. As irrigation is practiced on the flat lands
g ‘the Gila Valley the water plane in that distriet will be raised
auch nearer to the surface than it is now, and 19%% irrigation will be
wecessary.  Numerous points are known in the San Joaquin Valley,
y California, where water could not be obtained in wells prior to irri-
aation, and where now, after twenty years of irrigation, water is stand-

.y at the surface.  Near Fresno, California, the water plane has risen
o such an extent that but one irrigation a year is needed on the
vineyards.

When the irrigation country has developed to the extent that all
water available from the reservoir is required, and when the reservoir
qas reached the point where the silting endangers the community, it
g«mbﬂ,bly will be advisable to construet a large storm channel around
he margin of the reservoir and above the maximum water line to
«arry as much as possible of the water of the river. Such portion of
die water as is needed for irrigation below can be passed through this
«anal without stopping in the reservoir and may be diverted at the
proper point near the irrigated fields.  This canal could be constructed
+f large section for the first portion of its course and the section after-
wvards reduced. A\ spillway should be loeated at the point where the
canal is reduced in capacity and the excessive water be drawn from
de top of the canal into the reservoir. A larger portion of the sedi-
ment whieh would travel in the bottom of the channel would remain
1 the conduit, and the clarified water would be discharged into the
reservoir. A veloeity may be maintained in the remaining portion of
the canal sufficient to carry the silt through it to the river below the
dam. b

The suggested canal, being above the maximum water line, would
provide an effective head for hydraulic giants for sluicing the silt
which had previously been deposited in the reservoir. On favorable
seeasions, when the reservoir was practically empty, this sluicing or

washing out of the basin could be practiced. On July 11, 1899, there
was 27 per cent of mud in Gila River at the Buttes. This is the
Zreatest amount of sediment ever observed in this river. From this
#will be seen that the suspended matter is exeeedingly light, and it
would therefore be possible to move large quantities of this loose mud
with hydraulic giants and carry it in temporary flumes, or even in the
'"i\'or channel itself, through openings in the dam. Experience with
Ught silt in constructed reservoirselsewhere shows the greatest de posxts
‘v oceur where the water is deepest, which is near the dam. Ilere
ilso the greatest storage capacity of the basin.

The drup from the storm canal to the bed of the river below the
tun would probably be not less than 150 feet. If 500 cubic feet of
vater per second should be discharged through this eanal, over 8,475

theoretical horsepower could be developed. During certain per mda
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of the year Gila River is almost dry, and this power would not be
available from the canal; but when such occasions existed in the river
the reservoir would necessarily be drawn upon for irrigation, and
power could be obtained from the discharge from the reservoir. Itis
possible that from 2,000 to 5,000 horsepower could be developed in
this manner. The section of Arizona in the neighborheod of San
Carlos is highly mineralized. Copper mines of great value are to be
found at Globe and at Riverside. New and effective processes have
been discovered for reducing copper matte electrically. Fuel is high
priced. On the above basis it is reasonable to presume that when the
time arrives for the building of the storm canal around the reservoir

sufficient revenue can be obtained from power to pay the interest on-

the cost of construection of the storm ditch. This power could also be
used in cleaning out the reservoir with hydraulic dredges.

‘While the deposit of silt in the reservoir is probably the most seri-
ous question in connection with the impounding of water on the Gila,
it is believed, on the basis of the above arguments, that the situation
could be controlled and that the reservoir may be made to do service
through a long period of years, if not indefinitely.

EXPLORATIONS FOR BED ROCK AT THE BUTTES.

The material that covers the bed rock at the Buttes and at Quecn
Creek is a sand and gravel saturated with water in the bed of a can-
yon, through which varying volumes of water might be expected fo
be discharged, ranging from 100 cubic feet per second to 1,000 cubic
feet per second during the periods of low water on the river. These
low stages of the river might be expected to exist from the 1st of April
to the 1st of July, after which violent floods of much greater volume
would probably ocecur at the Buttes dam site.

On Queen Creek large bowlders occur at the surface, and although
the stream might be expected to be entirely dry during corresponding
dates, after that time violent floods might occur any day. Great
reticence was felt on the part of everyone in giving figures that should
be regarded as even roughly approximate for this work. Numerous
well drillers were interviewed in San Francisco and in southern Cali-
fornia, and none cared to bid, under the conditions. Two methods of
going to bed rock were suggested—one by means of open shafts, and
the other by the use of the diamond core driill. Only one bid wis
received in reply to proposals, and that at the rate of $15 per lincar
foot. This was rejected as too high. It was admitted by all that the
diamond core drill would work accurately and easily in solid rock.
but when it came to going through bowlders of varying size it wis
conceded to be exceedingly difficult, if not wholly impracticable.

As stated above, the one bid was rejected, and the Geological Survey
carried on this work at the points in question, and succeeded it
thoroughly solving the problem, largely owing to the experience witich

T
1

’
Mr. Arthur . Davis had acquired in work in Nicaragua.
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DIAMOND CORE DRILL.

< this work was somewhat unique, it will be of interest to give its
sress in detail, together with a deseription of the tools employed.
~onsidering the matter of going down with a shaft the most serious
Hlems would be the water encountered. In working with a shaft
river would have to be carried in a fiume by the works for a long
Janee. A large pump would have to be kept going constantly in
- shaft, and it is doubtful if under the most favorable conditions it
lid be able to handle the amount of water which would be encoun-
«od. Pumps with valves would be barred on account of the large
ount of sand suspended in the water. It was estimated that it
wld cost $46 per vertical foot to sink shafts under these conditions.
4is would permit of putting down about four holes at the Buttes
+h the funds available, with bed rock at from 75 to 123 feet. The
tual cost of sinking 170 linear feet of shaft at the mouths of one of
« canyons of a southern California river, in an attempt to determine
I rock, was $35.87 per foot, the depths iu this case varying from 15
530 feet, and the material through which the shafts were sunk con-

~ting of sand and bowlders. This included the labor of building 700

t of flume, but not the cost of the lumber, which was furnished by
«company for all work. There was pumped from these shafts with
i-horsepower boiler and engines over 100,000 gallons per hour,
! yet the water could not be kept down, and the deepest shaft had

Jilly to be abandoned before bed rock was reached.

The best estimate that could be obtained of the cost of sinking by

wans of the diamond core drills, as furnished by San Francisco con-
actors, was $12.69 per linear foot, 400 feet to be sunk, but they
suld not offer a bid even on these figures.

The following letter from Mr. T. I. Richardson, department engi-

«r, dam and aqueduct department, metropolitan water board, of
«ston, is of interest as bearing on this subject:

We had two diamond drills, one manufactured by the M. C. Bullock Manufac-

-ring Company, of Chicago, called the Badger drill. This drill was intended for
“wpecting in tunnels, but was fitted up especially for us for surface work. This
~ichine cost us §900, which included one set of diamonds worth about %)00 and
- necessary fittings to put down a 12-inch hole about 200 feet.

Jur second machine was bought from the Sullivan Machinery Company, of Clare-

“nt, New Hampshire, and was called “S-510.” This cost was $1,132.80, but no

inonds were included. The two machines were fitted for and were capable of
g about the same amount of work, but the net cost of the Sullivan machine

“#over $400 more than that of the Bullock machine.
ar work here was very difficult, as the bottom of our gorge was blocked up

‘i large bowlders, and we found it necessary to use several sizes of bits, namely,
iich, 18-inch, 13-inch. - We also had to fit up so as to be able to, put down

-inch casing, using diamond bits tc bore it down, the purpose of the casing bein,
& t=1 '

bore through bowlders and gravel, so as to be able to work a 13-inch bit inside

¢it. Altogether we had two quite complete outfits for doing all kinds of work
i't0 13-inch bits.
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The repairs necessary to the machines were not very large, the principal o
LT . 2 Tt anlee and £ . —_— 5 g 500 1,000 2
Jepairs being for new bit blanks and for core lifters; but in order to . 13... T

successfully it is necessary to Lave quite a number of appliances outsui,. . -
actualmachines, and these cost considerable money. Our total outlay for py , T
was $2,625. In addition to this we spent $3,873 for diamonds, but we hav,
present time about $700 worth of diamonds on hand, leaving the net cost of t:..
monds about $3,173. -

When we started in on our diamond-drill work the cost of diamonds was i1 .. s
carat: but at the time we finished the cost of diamonds had risen to §34 T s, i
and I believe the price is about 336 at the present time (August, 1808). T

The total amount which we drilled was 2,814 feet, the deepest hole bew. . -

feet deep, and the average depths of holes about 60 feet. The amount ... L/
plished per day was from 0 to 32 feet, the average amount being probably ata .. A
or 12 feet per day. fld

The cost of drilling varies very largely, both with the hardness of the rock .-
the condition of the rock as to being seamy. {
Following is the cost of labor, diamonds, and coal for drilling, principali ¥ w0 ’

+ 12-inch bits, through three different kinds of rock:

Drilling 324.2 feet of rather hard, tough diorite rock:
UaDOT o e e e e e m———————————— 41

" (86.6 feet of this was drilled with 1§-inch bit, and 237.6 feet was drilied

with 12-inch bit.) o E
-DriH.ing 150.7 feet of very hard syenite rock: 3
i 00T o o e e e e e ———————————— 155, ¢
DIamonads . . - oo e e e e et e e D0 ¢
C0al . . . e e e e e jo -

b 1o - S S SO 4670
Cost per £00t _ - o i e e e 3

AR B e

(Size of drill, 1% inches.)
Drilling 286.1 feet of soft schist rock:

e

LiaOT « o o ot e e e e —————————— 100+
DIaMONAS - - e e e e e — e ——mm—— - LI
C0A] - e e et R mim S e N i e = b i b B S 1
T0tal - - e e et e i—————- T S 250
Cost per £00b - - . . ot et i ciicma—aa i.u

(Size of drill, 1% inches.)

You will notice that there is a large variation in the cost of drilling thr st
different kinds of rock. The costs as given do not include more or less lost it
and the depreciation on diamonds due to their being of smaller size after ln“-_i :
used. Finally they get so small as to be valueless. Depreciation of plant isa:»
not included. .

Regarding the best size of hole for prospecting purposes, this depends lar<
on the work which you have in hand. If I were fitting up for similar wor»
what we did here,and only expected to fit up one size of hole, I should fit up pe
ably for 1g-inch bit,

When I speak of 1g-inch bits, I mean bits that give cores of about this &
though generally the cores are somewhat smaller than the sizes noted. §

oo
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';\{ amond-drill work is expensive amusement at the best, and I think you will be

.10 conclude, whether you do the work yourself, buying the machines, or do it
centract. that the cost will be somewhere in the nel"thIhUOd of three or four
“ars per running foot.

It was decided to attempt to explore for bed rock by means of

amond core drills, and, through Mr. Arthur P. Davis, who was in
arge of the work, machines for this purpose were obtained from fhe

‘..‘n.lg‘ua Canal Commission. These machines had been used’ in

Liearagua in exploring for bed rock along the route of the pr opo.sed
qnal, and had done efficient service. Two foremen, Mr. P. Tierney
ad Mr. T. J. H. Archambault, were employed to run the machines.
‘hese men had previously used them in Nicaragua, and were entirely
smpetent to do the work efficiently. The 'ma,c}iinery is in two
listinet parts: First, a pile-driving apparatus for putting pipe or
~ing down through quicksand or earth; the pipe is afterwards
washed out, and inside of it the shaft with the diamond bits is operated.
{he second part is the drilling apparatus proper. The machinery
<very light, and made so that it can be knocked down to weights
shat will admit of the sections being carried on the backs of men.
ihe hammer is in sections and can be increased or lessened in weight.
The bottom section is cored out and filled with wood, so that the blow
i the hammer will not abrade the head of the pipe. It is raised by
means of a hand winding drum, and is tripped when it reaches the
'ps of the guides, and falls upon the pipe. The maximum lift is
i1 feet and the maximum weight 190 pounds. A tool-steel head is
wrewed into the top of the drive pipe for the hammer to fall upon.
The pipe is shod at its lower end with a tool-steel shoe, which is
thicker and heavier than the pipe, but equal to it in interior diameter.
The size of the pipe used is 33-inch, 24-inch, and 2-inch extra heavy
~rew pipe, with extra heavy couplings which have beveled corners.
The smaller diameter pipe is in each case made to fit into the larger
diameter if required. It, however, requires a special make of 24-inch
pipe to go inside of the 34-inch pipe. The pipe is driven through the
«und and gravel until bed rock is reached. This is indicated by the
r«efusal of the pipe to go any farther under driving. The pipe is cut
n d-foot sections, and as it is driven into the ground new sections are
put on until the desired length is reached. When the drive pipe has
‘eached bed rock, what is known as a chopping bit, which is a bit/
with openings for water to flow through its point, and to which is
“rewed a #-inch pipe, is worked into the drive pipe. The top of this
-inch pipe is connected with a small, double-action hand force pump
by a hose. .
The chopping bit is churned around in the sand which is inside of
‘he drive pipe, and the water which is under pressure is discharged
through the point of the chopping bit, and floats the loosened sand
fut over the top of the drive pipe. In this manner a hole can be
readily cleaned to depths as great as 130 feet of sand and small gravel.

o
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The diamond-drilling machinery is put to work when the drive pix
is cleaned out, and it is possible that it may demonstrate that, insted
of being on bed rock, the drive pipe has stopped upon a bowlder . ot
As soon as the diamond bit passes through a bowlder it drops, whi ol
is an indication that bed rock has not been reached. The diamon
. drill is then drawn and four or five sticks of giant powder are lowerc ;
[ th?'pugh the pipe to the bowlder. The drive pipe is then pulled uy
i;;,u.v TR {gjl' or five feet, and the powder discharzed by means of an electri
firing battery. This shatters the rock, and the drive pipe may then ‘:
be forced through the splintered bowlder. In this manner pipe of :
these varying diameters were driven to bed rock at five different
' dam sites, and at every Jocation successful results were obtained. ‘
i
COST OF OPERATING.
The diamond-drilling machine used was built by the American 2
Diamond Rock Drill Company, of 123 Liberty street, New York
One-inch bits were usually employed. The diamond drilling machin i
ery is shown on Pls. T and VII, A. The drill is operated by han 1
power, sixX men being economically employed on this work, as well as
on the driving of the pipe. The machine is capable of going 200 feet
into the rock, and will make from 6 to 3 feet a day in hard rock, i
and from 10 to 15 feet a day in softer rock. The cost of the machinen
complete is approximately 31,000, including two bits, which ar :
’ worth about $200 each, set with six diamonds each. The diamonds '. )
are known as black diamonds, and should weigh approximatgely | i
carat each. Two machines were used on work in southern Arizona. ‘
There was paid for the pipe £590. including tools and fittings
delivered in Arizona; %100 of this amount being freight from New
| York. This would make a total cost of outfit complete of $1,590.
Cost of operation per month of bed-rock exploration. E
Foreman _...------ ——— SRR S $150. 00 \
6 laborers, at $1.50 per day, 98 AAYS ..o cmemmimmmemmmmmm e 234.00 |
e S St 45.00 i
—_— $420.00 {
240 rations, at 60 cents.. ... o-onn - i e e S B ATk i i . 1440 i
| Total repairs. pipe and lumber for one party for ten months._.  500.00 !
Total commissary charges for team, feed, etC..- -c---oceen-- 350. 00 1
Total MOVING ... . -« -cm-nsmemsmmmo=s smsscs=mssoooo=moeosooos 670.00 }
l Total sundry incidentals. .. ----as-s-mnnscsemsmsmoe .. 200.00 ;
Total SUPEIVISION . . czancommesmanmmmmmsssos s mmmmm o m o 350. 00 !
Total, ten MONthS_ .- -cccemmnammomnmmmommommmmemmmmos 2,070.00
I |
Total number of feet SUNK ... coowoomenmmnmsommmmemmmmmmnmmmmmmTTT
l TOARE COBE o o e o imn s mmn mm s A wmmm = s eSS S S e o S R Sam =R T $8,030.¢ f
Cost per £00b . .- coocmememmmmmnmmmemmemnns e i
Cost per hole, 7,227-52 oaccmnsmmssanmmansnsmssomsnnss mrosmonmnanss 154.4+
i
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If the original cost of machinery be distributed over this work, the
~ults would be as follows:

T ) B S S ST S NS e $8, 030. 00
WEEIIEIRY  ctnns Soon s e Comm aa a0 o6 OO SmmOO S o S A o (e SeaE 35 1, 600. 00
Totalcost ... ___._...___. e 9, 630. 00

Or average cost per foot, $2.86.

Both machines are still in good repair after having been used in
vicaragua and in various localities in Arizona and California.
The total depths penetrated in all materials at the various dam sites

are:

; Covering. ' Rock. Total.
The Buttes. ... .. 1,621.2 196.0 1,817.2
Queen Creek ... o ocoaiioamooo. 857.8 55. 6 413.4
Riverside .. .. .. e ! 729.8 40.2 770.0
DikeS. .. o e e eicceeeeaan 80.0 0.0 | 80.0

; San Carlos.. ... - 143.2 30.4 178.6

Total . e 2,932.0 322.2 3,254.2

oA A &

The work at the Buttes at the last three holes and at the Dikeswas
very greatly delayed, owing to the loss of the original drive pipe by
breaking beneath the surface. The pipe that was next ebtained broke
continually under the hammer, and a month’s time of one party was
lost by these interruptions. The expense of this work is included in
the above estimate. Owing to the long move by teams of the outfit
to San Carlos dam site and the constant interruption by floods of the
work at that point and the consequent small amount of driving done
there (173.6 feet), the cost of that portion of the work was about $6
per linear foot. If San Carlos is not included in the estimate, the
average cost per foot for the remaining poriion of the work would be
reduced about 10 cents. '

The advantages of this class of work over the shaft method are
manifest. It is probable that not over five or six shafts could have
heen put down with the total funds available in case that method
vas practiced, and it is problematical even then if it could have been
tecomplished. By the drilling method employed the location of bed
tock is not only determined, but an actual sample has been brought
“p, which can be tested for specific gravity, erushing strength; texture,
thality, or in any other manner desired. The work was entirely sue-
“essful, except at San Carlos, where the floods became so violent during
the month of August, 1899, that the machinery could not be kept
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48 STORAGE OF WATER ON GILA RIVER, ARIZONA. [xo

standing in the river, and but two holes reached and penetrated ),
bed rock.
BUTTES RESERVOIR.
EXPLORATION FOR FOUNDATIONS OF DAM.

As recommended in the report by Mr. Arthur P. Davis, made iy
1896, explorations have been made to determine the depth of bed rock
and the quality of the rock at the Buttes dam site. By this survey
of 1899 the diamond core drill demonstrated the fact that the sound-
ings which were made by rods and which are described in the report
above mentioned were misleading. There is proved to be a limit
beyond which it is impossible to drive rods in gravel and sand, and
this limit, which is found to be approximately GO feet in the material
composing the bed of the Gila, prevented the correct determination of
bed rock in 1896 by the rod method. Twenty-four holes were put down
by the diamond core drill at various points in the canyon at the Buttes,
the effort having heen made to find some point where the bed rock
would be shallow. The following table shows the depth and charac-
ter of the bed rock determined.

Log of borings at the Buttes dam site, Gila River, Arizona.

}]Bed—lt'Qck
Depth to Correct Correct |S¢vations
Line; Hole |Depth te: bottom rli)r?})lte% I elevation | elevation ‘rgg&c&d&o
No.| No. edrock. of rGol of surface o contons
boring. | 1B Y% | June, 1899. | bed rock. e
(= +13.38).
Feet. Feet. Feet.
3 23 57.0 63.0 6.0
3 24 46.4 53.5 7.1
2 3 21.4 28.3 i 6.9
2 4 70.0 W | 73
2 5 | 1226 132.0 9.4
1 1 65.0 82.0 17.0
1 2 80.0 95.0 15.0
1 6 105.0 112.3 7.3
1 7 70.0 79.0 9.0
1 21 53.0 64.0 11.0 -
1 22 13.5 20.2 6.7
4 14 8.0 12.6 4.6
4 13 62.1 68.9 6.8
4 9 71.4 8.7 - 7.3
4 20 63.6 4.5 5.9
4 10 66.8 | 84.1 1.3
4 15 64.0 70.7 6.7
4 16 62.7 70.7 8.0
4 7 70.0 79.0 9.0
4 15 63.7 79.1 11.4
4 19 26.4 31.0 7.6
5 8 78.0 95.0 17.0
5 11 82.G 94.0 12.0
H 12 | @y leeccrczsefaceaiomans
25 (3 T (SRR ER

aNot reached at 77 feet. b Not reached at 101 feet.

The contour maps of the Buttes dam and reservoir sites, which were
surveyed in 1896, were based upon a datum which was taken from the
local records of the Florence canal. Subsequently a line of levels
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ax run from the railroad station of Casa Grande, on the Southern
cific line, to the Buttes dam site, and upon this datum the topo-
raphiec map of the irrigable lands in the vieinity of Ilorence was
ade. Upon this corrected datum the canal surveys were made, and
Leneh mark was established at the Buttes dam site. The elevations
siven on the large econtour map of the dam site, which is on a scale of
i feet to the inch, are based upon the first elevation of Florence canal
Litum, whieh the subsequent levels show to have been 13.38 feet too
wivh. The elevations given on the plans and sections of the Buttes
qum correspond to the elevations of the contour maps of the dam and
~sorvoir surveys and do mnot correspond with corrected elevations.
I'he elevations given in the above table are both the corrected ele-
vations and the elevations on the same datum as that used for the
-ontour map and plans of dam. _
The holes whose surface elevation is given as 1,589 are those bored
o the immediate bed of the stream. Those of higher elevations
sarted on the alluvial benches above low-water level on either side.

QUALITY OF BED ROCK.

At each one of these points a core was brought up showing the
sality of the bed rock. The following table is a description of the
cores obtained at the Buttes:

3 Cores obtained from borings at the Buttes.

Depth | Length of
Number TE s s
drilled in core Quality of rock.
of hole. | "5ck. " | obtained.

Feet. Feet.

6.0 4.00 | Pearlite.
7.1 4.40 | Pearlite and ash.
6.9 2.40 | Pearlite, very solid and brittle.
7.5 1.30 | Volcanic ash.
9.4 4.25 | Voleanic ash, badly pitted.

17.0 9.00 | Pearlite, mingled with ash. .

15.0 1.40 | Porous ash.
7.8 2.40 | Volcanic ash, badly pitted.
9.0 5.30 | Hard ash.

11.0 2.40 | Hard, volcanic ash.
6.7 5.00 | Pearlite.
4.6 3.00 | Volcanicash.
6.8 1.80 | Volcanic ash, very porous.
7.3 5.20 | Blended ash and pearlite.
5.9 4.50 | Voleanic ash.

17.3 4.10 | Volcanic ash, quite hard, but badly

pitted. ;

6.7 .85 | Very porous volcanic ash.
8.0 5.00 | Volcanic ash.
9.0 2.50 Do.

11.4 1.66 Do.
7.6 4.00 Do.

17.0 2.25 Do. very porous.

12.0 5.00 | Hard, volcanic ash.

........................ B%d 1£ock not reached; hard pan at 40
eet.
e e e e Bed rock not reached.
216.5 81.71
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The location of these borings is shown on PL. VIII, B, these bein.
arranged in five different rows. At the relative location of each hol.
a figure has been placed on the diagram corresponding to the numb..,
given in the above tables. The point marked ‘‘B. M.” shows the posi. s
tion of the bronze bench mark set in the face of the cliff. It is h.
initial point of the survey for the location of the borings. At the point
marked ‘““G” is a stee! gad seven-eighths of an inch in diameter, s¢1 ¢
in the rock. i

In taking out many of the cores it was found that, while the dri!} :
had entered the rock for distances of from 6 to 12 feet, the cores
extracted were very much less in length, owing to the crumbling of
the rock as it was cut. The bed rock varies between a volcanie glass,
-or obsidian called pearlite, and a porous ash. The obsidian is exceed-
ingly hard, but the ashy material is full of holes, quite soft, being i A
readily cut with a knife, and of a crumbling nature. A total depth
of 216.5 feet was bored into the bed rock, and but 81.71 feet of core
obtained therefrom, or only 38 per cent of the total length of the core
was of such material as would permit of its extraction from the holes.
It is but fair to assume that the remaining 62 per cent is of a poorer

~ class of material than that which was extracted.

The following table gives crushing tests which were made in the
laboratory of the city engineer’s office at Los Angeles, California.
The ecrushing limit of the machine used is 2,565 pounds pel square
inch. Thiswould be equivalent to 184.7 tons per square foot. A good
many of the samples could not be crushed on the machine, but it has
been considered that all rock which could not be crushed with this ¢
pressure is reliable and could be accepted as a satisfactory founda-
tion material. The poorest rock is undoubtedly that portion of the
core which has gone to pieces under the action of the diamond drill,
and which could not be extracted. Tests were obtained from the
samples as low as 79.5 tons per square foot. It may therefore Le
assumed that the tests made arve of the better class of rock, and that
if any of the samples indicate a weakness below the limit of safety it
would justify the abandonment of the bed rock as a proper foundation ;
for a cement-masonry dam. The assumed maximum height of the ;
dam being 170 feet above the bed of the stream, and 123 feet to bed !
rock below the same, or a total height of 293 feet, the base would have {
to be made so wide in order to keep the pressure at the outside toe
within safe limits that the cost would be prohibitory. Some of the
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masonry dam is abandoned for this site. Crushing tests were madt B i
by J. W. Robinette and S. G. Bennett. Specimens were 1 inch long e~

.and 1 inch in diameter. B. MAXIMUM CROSS

oo AN 0 A o A s

BT ——




: A . - » i st i : o~ . s R ST 8 et

NG X U. 8. GEOLOGICAL SURVEY WATER-SUPPLY PAPER NO. 83 PL. X!

“heine
'h hn!;.
uimbier

¢ o
ix the
*puoint
¢r, set

i

faeids t

Y (At 5
COYes suide wall £/ 1640 ¢ i
. ) | o
ing of P
liass, P

eeed. i
‘.)L‘Hli.’ A. ELEVATION OF END WALL OF BUTTES DAM.
depth . ™ }
T eore %
AT ' 3
2 COnn g §
holes, . i
oorer . i
1
H
n the §od
rnia. ! i ;
juare | £
5 %
fj(){ul % §
{
t has : N SIEE -
this : Sg R—Ser ool : ; i % i

: = : :
BINHE P
£ b b
. g P
Tsliles . i
the ? i
i e T -

thar ¢
tian ‘\Il t 5
the g .
‘!m: 3 g ’

1iave ' é
fime E ; ;
the l" 5 g i

ilee : H

1 5, 10 ft:

ik : ;
oy p : * :

B. MAXIMUM CROSS SECTION OF PROPOSED DAM AT THE BUTTES, ARIZONA. - ' ok

e—

e SE

b




“/Y
f & /‘\/

. e e

INCOTT.] BUTTES RESERVOIR. ' 51

sifie gravity, weight per cubic foot, and crushing tests of diamond-drill core
from bed rock at the Buttes, Arizona.

s Crush- | Crush-
: Weight |.
aiohtl Weight i ing test, 1ing test,
W elf’-lft in Loss. S“:’: ?;{m lﬁf D()IllldS tons Remarks.
m Al water BLAVILY: ‘%‘0010 per cubiciper cubic!
v inch. foot.
Ounces.! Ounces. |Ounces.
1.10 0.60 0.50 1.86 116.4 2,565+ 184.7+! Stood 2,000 pounds.
0.75 0.30 0.45 1.66 103.0 1,085 79.5 | Crushed at 807
poundb
1.80 0.75 0.55 2.39 149.5 ..,.)6 5+ 1847+ Stood 000 pounds.
0.95 0.45 0.50 1.93 120.5 2,505+ 18474
0.90 0.47 0.43 1.79 112.0 2,565+ 18474 D
0.82 0.40 0.42 1.95 22.0 2,469 177.0 | Crushed at 1,926
: pounds.

A 0.7 €.30 0.40 1.75 109.0 2,288 16£.7 | Crushed at 1,783
pounds.

§.....f 0.8 0.40 0.45 1.86 116.4 2,565 184,74 Stood 2,000 pounds,
but dev eloped lon-
gitudinal crack
after being taken
out of testing ma-

9.....] 0.9 0.45 0.45 2.0 125.0 2,088 150.0 (,1ushed at 1,629
pounds.

10.oee 0.95 0.46 0.49 1.855 116.0 2,565+ 184.7+! Stood 2,000 pounds.

|} 0.86 0.45 0.41 2.10 131.0 2,077 140.5 | Crushed at 1,620
. pounds.

QUARRY TESTS.

The rock at the Buttes appearing to be of a questionable quality
for concrete or rubble masonry work, it was decided to be necessary
«r make quarry tests in order to determine accurately its nature.
Mr. D. Anderson, mason and quarryman, of Los Angeles, Cahfornla, -
wade the following quarry tests:

At the first ¢liff on the right bank below the dam site at the Buttes,
12 f eet back from the edge, two holes were put down, 5 feet 6 inches
and 3 feet in depth, respectively. This location is marked by the
tigure 1 on contour map of the Buttes dam site (Pl IX). Eight
~ticks of giant powder started the rock and one 23-pound keg of black
rowder pushed it off. The result was one 10-ton rock, one 2-ton rock,
and numerous small rocks ranging from 25 to 500 pounds. The rock
s a pearlite, heavy, close grained, and fairly free from seams. It
dropped from 150 to 175 feet, to the foot of the cliff, falling partly on
«arth and partly on rock, without badly shattering it. It drills easily,
‘wo strikers going 18 inches an hour with 11-inch bit, but large quan-
tities of powder are required to start the rock.

The second test, at figure 2 on PL IX, was on east face of same
cliff.  Five-foot holes were put down in a step series, 2% sticksof giant
powder being used to spring each. Afterwards holes 24 feet deep
vere filled with black powder, 3 kegs being used in five holes. The
result is hard to estimate—probably 100 to 200 tons of rock were
thrown down. There were one 2-ton, two 1-ton, and about twenty
Juarter-ton rocks. The large pieces are pearlite; the smaller ones
are a hard ashy rock. \
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The- point west of the left spillway, at figure 3 on PL IX, wag
opened on June 10,1899, and a hole was put down 4 feet 4 inches ang
four sticks of giant powder were exploded therein. The rock exposed
seems to e a partly solidified pearlite, light and brittle. Soft streaks
and spots are found throughout the mass, and it does not seem suiteq
either in weight or structure to bear a rubble-masonry dam. About
one-third of it is a white-colored ash and two-thirds is a gray, hard
substance, brittle and light. The ashy material cuts readily with g
knife, while the gray is hard to scratch. 'These white spots are often
eroded by wind action when occurring at the surface, holes being thus
formed as large as 2 feet in diameter.

At a point 100 feet northeast of the left-hand spillway (bench
mark), at figure 4 on Pl IX, a hole 4 feet 6 inches was put down on
June 7 and five sticks of giant powder were used (three and one-half
sticks to the pound). The rock is similar to that previously noted,
but harder and ashy white, and usually resists a knife, but there are
spots that cut like chalk. In the lower portion of the spillway, at
figure 5 on PL IX, a blast was put off which showed that the material
is softer and more fragile in the spillway than elsewhere and of a very
questionable nature for cement-masonry work. On the southwest end
of the low butte, at the left dam abutment, at figure 6 on Pl IX, a
hole 6 feet deep was put down June 10, and three sticks of giant pow-
der were used to spring it. Twelve pounds of black powder were then
used to throw down the rock. This revealed a high-grade, heavy,
volecanic glass, resembling the first, tested across the river. Overlying
the pearlite is a streak of ashy gray, but harder and darker than at the
spillway.

The prevailing rock at the dam site is an indurated ash. It is
found in the cliffs of the left bank, éast of the spillway and at the pro-
posed upper portal of the tunnel on the right bank. The lighter ash
ie liable to crush and erode. Probably enough of the pearlite could
be selected to build a conerete or rubble dam, but it would be a mat-
ter of selection, and much of the lighter rock would have to be moved
to got at the better rock. This probably would be 50 per cent of the
mass. The rock in the left-hand spillway probably could not be put
in a concrete dam. It could, however, be used for a core of a rock-
fill dam. :

On the first cliff south of the dam site, on the right bank, facing the
river, two large blasts were fired at the first projecting point, at fig-
ure 7 on PL. IX. Three holes were put down, 14 feet, 15 feet, and 16
feet deep, 18 feet back from the face of the cliff. The rock was hard and
cutcoarse. Three men could go down 10 inches per hour with a churn
drill. Four pounds of giant powder were used to the hole. This
sprung the cliff from one side to the other, about 30 feet deep. The
crack was then charged with black powder, 3% kegs being put down

to each hole. The powder in hole No. 2 went into a crevice and did
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ittle good. The entire point sprung, but did not fall, but around the
Jdee was revealed pearlite of a good quality. There were six men in
1, including blacksmith and helper, who worked fifty-three hours at
+his point.  The rock dips into the cliff, so that while the ledge was
.ished off as much as 5 feet it did not fall.

Ou June 24 about 50 pounds of giant powder was placed in the key
~fthismassandshot. Thisbrought itdown with the following approxi-
mate results: Length of fallen mass, 80 feet; height above sand, 10
feet; depth in sand, 5 feet; width, 80 feet. This is about 440 cubic
vards of loose rock. Pl X, 4, gives a view of this test. There were
approximately one 10-ton roek, ten 5-ton rocks, and thirty i-ton rocks.
The mass ranges from stone that would pass through a 3-inch ring to
rocks 150 pounds in weight. It is of a mixed ashy structure, and not
solidified glass. There are numerous flow lines or fissures which are
contorted, and the rock has gone to pieces badly. This rock fell 180
{eet upon the sandy river bed. The pearlite is not so pure as was
indicated by the first test; it seems to be stratified, and changes often
from pearlite into an ash, or the reverse. Numerous chips knocked off

the corners of base of this eliff with a hammer show it to be a hard, .

voleanic substance, such as is frequently penetrated by the diamond
drill as bed rock. ’

- At the west end of the first bluff below dam site on right bank at
iigare 8 on PI. X five men worked fifty-three hours. The rock is

- softer than that at the middle of bluff, shown in last tests. It cuts

very easily, but the drill holes clean hard and the dust from cutting
forms paste when mixed with water. The average rate of progress
with the churn drill is 10 feet an hour. Three holes, 8 feet apart,
were put down approximately 16 feet in depth and 18 feet from the
face of the cliff. Four pounds of giant powder were used to the hole,
and the cliff was cracked across the point. The crack was opened by a
second charge, consisting of 2 pounds of giant and 5 pounds of black
powder to the hole. This resulted in a crack 2 inches wide, extend-
ing 38 feet. There seems to have been an error in judgment on the
part of the quarryman in springing the rock too much before using
the black powder, which expended its energy, in a large part, through
the fissures of the rock. This crack was then charged with ten kegs
of black powder, and a portion of the cliff in front of one of the
holes was thrown off, knocking down about 300 tons of rock. The
other portions on the cliff were not thrown off, but sufficient material
was revealed to show the nature of the rock. In this, as in the for-
mer case, thé rock fell 180 feet. There were from 8 to 10 large rocks
displaced, ranging from 6 to 8 tons in weight, but a large portion of
the fragments range from 100 to 200 pounds, while much of the rock,
possibly 25 per cent, is in pieces weighing less than 50 pounds.
There is a large amount of rock buried in the sand. This rock is a
reddish or fused ash, rather light and brittle, but hard, and with
IRR 33 5
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54 STORAGE OF WATER ON GILA RIVER, ARIZONA. [0 5

many seams. It ranges in a very intricate way from glass to ash,
back again to volcanie glass.  Fully 66 per cent is glass. At a pui;;
25 feet south a smaller blast showed pure glassy pearlite, which £y
without shattering. The first grade pearlite is rather rare and ¢y
not be obtained in large quantities. The ashy material is the pre-
vailing roek and is of inferior grade for construction purposes.

A Dblock of the poorer class of the volcanic ash from the spillwy:
on the left bank, containing soft spots of light, chalk-like nlnt'm-iuf,
was immersed in water in June, and continued under water until i
first of October, over three months. At the expiration of this tim.
the softer portions of the rock indicated, if anything, a hardening,
but still could be cut with a knife. It would be between 2 and 3 iy
the scale of hardness.

In conclusion, it may be stated that it would be difficult to select 4
sufficient amount of rock of first-class quality for concrete work or
rubble masonry to build a dam of that type of the size required from
bed rock to a line 170 feet above the bed of the stream, a total height
of 223 feet, without large expense. The rock at the Buttes would I
suitable for the construction of a rock-fill dam, the poorer class rock
being placed in the center of the dam and selected rock on the two
faces and at the spillway weir on the right bank.

It is probable that the dam.could be most economically constructed
from quarries at the cliffs on the right bank of the canyon below the
dam, tramways being used for delivering the rock to the structure.
The tramways would vary in length from 500 to 1,000 feet. If cable-
ways were used they could not properly be placed on lines which would
be near or parallel to the axis of the dam, and if they were not so
located it would require a double system of cables. for handling the
rock, one to bring it from the quarries to the dam site, and a Qecond
set to distribute the rock at the dam.

The conclusion reached from the investigation of bed rock with the
diamond core drills and from the quarry tests leads to the adoption
of a rock-fill dam for the Buttes as the only class of structure which it
would be feasible to build with the material available and on the
foundation there existing. For this reason the estimate of cost has
been made solely upon this type of dam.

TYPE OF DAM ADOPTED.

It is evident that the desired type of dam must have a very broad
base, reducing to a minimum the pressure per square foot on each
portion of its foundations. A dam with this breadth of base woulld
call for a heavy expenditure for the excavation to bed rock if the
entire section were taken out. In order to bestable and to retain the
water impounded above it, the dam must have an impervious connec
tion with bed rock. The style of dam selected (Pl. XI, B) is of the rock-
fill type, with concrete retaining wallsand with a concrete spillway weir
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. the right side. It is proposed to put a wall down to hed rock at the .

spper toe of the dam sufficient in thickmness to withstand the pressure
\f water against its upper face when excavations are made behind it.
At the lower toe of the dam it is proposed that a similar wall shall be
aut down to bed rock in order to protect the structure from erosion
om the spillway on the right bank and to retain the inclosed mass
I sand and gravel as a foundation for the riprap or dry-laid rock.

The section and rear view, looking upstream, of this proposed
dructure are shown on Pls. XTI and XII.

Between these two walls there will be held a mass of sand, gravel,
and bowlders, which constitute the natural bed of the river and which

will not be excavated. The distance between these two walls is 234 -

feet. It is proposed that they shall be carried up above the bed of
ihe stream to an elevation of 58 feet on the lower wall and 63 feet on
the upper wall. Loose rock will be deposited between them as they
are raised in elevation, and the river will be allowed to flow a portion
of the time over the masonry walls onto the mass of rubble lying on
the sandy bed of the stream. The churning action which will result
therefrom will permit the heavy rock to settle into the bed of the
river, it heing desirable to have this take place as much as possible.
In case this does not occur naturally, it is proposed to pump water
oito this rock and force a settlement in that manner. Therock form-
ing this portion of the dam will be as large as can be handled..

An outlet tunne! wiil be constructed through the point of rocks at
the right abutment of the dam at the lowest possible elevation, as
shown on PL XII. This tunnel (1. XIV, 4) will be 15 feet high, 10
feet wide, and 139 square feet in area. It will discharge under pressure
and with high veloecity and will carry the river at all stages of low
water and in ordinary floods. It will be about 1,000 feet in length
and have over 1,000 second-feet capacity. This tunnel will permit,
during all usual occasions, of the regulation of the river as may be
idesired during construction. Afterwards it can be used to carry off
lood waters, and it will not ordinarily supply water for the irrigation
vanals.  On the left bank the delivery tunnel (see Pl XII) will be
weated 30 feet above the natural bed of the stream and will dis-
harge, if desirable, info the main irrigation and power conduit.

A serious problem in conneection with the construction of this dam
¥ill be the handling of the great floods which possibly may occur in
‘he river during its erection. If such a flood should occur during
onstruction, and be permitted to pass over the dam while it is in
@i incomplete condition, the loose rocks would probably give way
inder the violence of the current and destroy the work already per-
‘ormed. There would then be added to the flood the volume of water
“sulting from the bursting of the reservoir, and disaster would fol-

w not only to the structure itself, but to settlements and towns
dong the Gila River below the dam. In order to prevent this the
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two masonry retaining walls (Pl XI, B) arc carried above the bed of
the river to the elevations named. If when these walls have reached
their maximum height and the intervening space is filled with ripray
a flood of great magnitude should pass over the dam the structur.
would stand, the loose rock being held between the two retainin
walls would settle down into the sand bed between them. This
would be exactly what would be desired. An examination of Plx.
V, A, and XII shows that the bed rock has a very flat slope on the
right abutment. It is proposed that a wall (Pl. X1, A4) should be Luin
from this bed rock, as shown on Pl. XII, 20 feet in thickness, as a
retaining wall for the right end of the loose-rock portion of the dam,
connecting the upper and lower toe walls. The purpose of- this wall
is to retain the loose rock and to protect it against the attacks of
floods. This end wall will be made of concrete, and an excessive
thickness will not be necessary, because it will be reenforced by the
secondary rubble-masonry weir to its right.

A cut (shown by the crosshatching on Pl. IX) will be made into the
sloping rock at the right abutment down to an elevation of 40 fect
above the natural surface of the river hed and to a width of 100 feet
at the bottom. This cut would be carrying water at a depth of 30
feet when the water reached the elevation of the top of the higher toe
wall of the dam, and a corresponding head on the large tunnel of 70
feet would then exist. This would probably carry an) ordinary ﬁoo(l
which might oceur in the river. :

The effort should be made during the first year of construction to
complete the two retaining walls from the bed rock to the surface of
the stream. During the second season these walls can be completed
and as much of the rock-fill dam as possible constructed. In the
third year the rock-fill dam should be completed and the concrete
weir constructed.

As the work on the rock- ﬁll portion of the dam advances and its
crest rises in elevation, the construction of the concrete weir on the
right abutment, which is to act as the spillway for the structure, can
be begun and carried on with the remaining portion of the work.
The two faces of the central dam are to be laid up by hand in dry
wall, and the slopes which have been accepted for the dam are prae-
tically the natural angles of repose, so that little tendency to slide is
likely to exist.

In order to make this structure water-tight it is proposed to cover
the upper face with an apron of concrete 5 feet in thickness, which
will be connected with the upper toe wall and the two abutments of
the dam. In this apron of concrete a continuous riveted steel plate
will be embedded 4 feet beneath the water face of thedam and 1 foot
from the dry-laid rock wall. Angle irons will be riveted horizontally
and vertically on both sides for the purpose of stiffening the plate
and insuring a better connection with the concrete. The steel plate
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 1#PINCOTT.] BUTTES DAM. 57

+ill make the dam additionally impervious and lend strength to the
sonerete.

Gates will be placed at the upper portal of the flood tunnel and will
e operated from the surface of the ground. The gates for the tun-
4ol which is to discharge into the irrigation conduit will be operated
fom a tower (Pl XTIT)

Quarry tests were made of the spillway on the left bank, and the
qock was found to be of such nature that it would not stand the
cposion of a great flood. It is of a voleanie, ashy character, porous
in spots, light in weight, and portions of it can be readily whittled
with a knife. A flood approaching 100,000 cubic feet per second
passing over this material would tear it to pieces, it is believed, and
crode great channels. It would be exceedingly expensive to cover
this spillway with concrete so as to protect it or to build a series of
hecks te mitigate the erosive action of the water.

On the right abutment, however, the rock is of a harder nature. It
is, to a largs extent, an obsidian, or pearlite, and it is believed that i¢
will resist ercsion. This bed rock on the right abutment is practically
at the surface {rom an elevation of 20 feet or more above the bed of

the stream. A concrete weir of the section shown on Pl. XIV, B, will

he construeted on this abutment, the elevation of the top being 20 feet
‘iower than the top of the loose rock dam, and of a length of approxi-
mately 650 feet. Any flood oceurring will pass over this portion of
ihe dam only. This concrete weir will be built into the excavation
vhich was made for the flood waters and connected with the retaining
wall at the right end of the rock-fill dam. Its section will be such that
any flood may pass over it without injuring it. The dam will be pro-
iected on its flank and at its lower toe with solid walls of concrete,
and the floods passing over the weir will be discharged away from the
main dam into the canyon below. )

As a further protection against any churning action of the water
which may occur, large blocks of riprap should be laid against the
lower toe wall of the dam to prevent the scouring of 'a large cavity in
'he bed of the canyon at that point. The lower toe wall should be
provided with weep holes, so that hydrostatic pressure against the
wall can be avoided. It is believed that the body of sand and gravel
hetween the two toe walls of the dam, which is 234 feet in length and
approximately 400 feet in width and which is rigidly sustained by two
masonry retaining walls, will be a foundation of a very substantial
md satisfactory character for the loose rock embankment composing
the dam. ‘ '

It is a frequent practice in sinking iron caissons for bridge piers to
huild concrete upon a retained sand foundation of this nature. When
the foundations of the retaining walls are uncovered and examined,
if the bed rock should prove unsuited to sustain the vertical pressure
fue to their weight, which will amount to a maximum of 12 tons per
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58 STORAGE OF WATER ON GILA RIVER, ARIZONA. [N

square foot, then the walls will have to be broadened at their by -
the proper width to reduce the pressure to the desired limit.

It is believed that a dam could be constructed at the Buttes on 15,
plan outlined that would be a reliable and creditable engineeri:
structure, but the expense would be great, as is shown in the estim::,

METHOD OF EXCAVATION FOR FOUNDATIONS.

The most serious difficulty in conneection with the construction of
dam at the Buttes will be in the excavation for foundations. 1.
plan suggested is the sinking of a series of open caissons. These wii
be put down as for bridge pier work. They would be weighted o,
top, and the excavation made probably below water by means «¢
buckets on an endless chain or some similar method. As the exenva
tion in the sand and gravel would progress, the caissons would sini
on account of the superimposed weight, and new sections would thr
be fitted to the top as it went down. The borings with the diamon-.
core drill did not indicate bowlders -of large size, and it is believe!
that these caissons could be put down without serious trouble. T}«
attempt would not be made to keep them pumped out until they
reached bed rock, when pumping would be resorted to, the bed rochk
would be cleaned and examined, and after everything was clear the
would be filled with concrete.

A row-of these caissons, tangent to each other, would be put down
at the upper face of the upper toe wall, and another at the lower fier
of the upper toe wall, each row being braced against the other. The
bed rock where the upper toe wall would be put down is at a maxi
mum depth of 71 feet, and is hetter than the average bed rock which
intervenes between the two retaining walls. At the lower toe wall th
bed rock is largely pearlite, and is at a maximum depth of 122.6 feet
The principal trouble in putting down these foundations will be in
handling the volume of water to be encountered. Bed rock is nearer
the surface at the upper toe than elsewhere. The wall would b
naturally put down first here, and this would greatly relieve the vol:
ume of water to be handled at the lower toe wall. The two rows «f
caissons having been placed, the sand and gravel intervening woult
then be excavated. When the excavation is completed for the upper
toe wall between the cylinders, the concrete to constitute the wall woul!
then be placed insolid mass. A similarconstruction would be followe
at the lower toe wall. With the two toe walls completed, the riprai
would be placed between them and dllowed to sink to the greate~’
depth possible into the sand.

BUILDING MATERIALS, SAND AND GRAVEL.

A drainage line enters the Gila River at a distance of about 2,*'
feet above the dam site, which carries the discharge from an are?
lying south of the reservoir site. This drainage hne for a distance ©f
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ior 4 miles varies in width from 100 to 400 feet and is filled to an
snknown depth with a high-grade, coarvse building sand, the voids
«mstituting 35 per cent of the mass. This sand would have to be
washed, and would then be of good quality for conerete. The cement
rorthe dam must be shipped, probably, from Californiato Casa Grande,
it a cost for railway transportation of $12.20 per 2,000-pound ton.
ihewagon haul from the railread to the Buttesis40miles. Theamount
of cement used should, therefore; be reduced asmuch as possible. An
¢xamination was made for materials from which a natural hydraulic
cement could be made, without successful results. Limestone exists
3 or 4 miles below the Buttes dam site, but no good clay was found.
I'uel also would be an expensive element. Coal would have to come
from New Mexico, if used, and wood from the neighborhood of the
Indian reservation.

A test, as noted on page 16, was made to determine the possibility
of making a silica cement with the Portland cement, which might be
hrought in, and finely ground pearlite. By mixing one portion of
finely ground ecement with an equal bulk of pearlite, so that no residue
would remain on a 200-mesh sieve, and adding two parts of coarse
sand, not ground, making a mixtuire of one part finely ground Port-
land cement and five parts sand and ground silica, a tensile strength
of 80 pounds per square inch was obtained at the end of seven days
and of 300 pounds at the end of twenty-eight days. When the same
cement was mixed with sand on the ratio of 1 to 2, 33 per cent being
left on the 200-mesh sieve, a tensile strength of 170 pounds per square
inch was obtained at the end of seven days and of 385 pounds at the
end of twenty-eight days. The same pure cement mixed on a ratio of
1 to 3 has a tensile strength of 140 and 240 pounds per square inch at
the end of seven and twenty-eight days, respectively. The ground
pearlite and finely ground cement mixed on the ratio of 1 to 7 has a
lensile strength of 185 pounds per square inch at the end of twenty-
eight days.

CAPACITY AND COST OF THE BUTTES RESERVOIR.

The basin of this reservoir site, shown on Pl. XV, embraces little
agricultural land, and it is estimated that $10,000 will cover all the
damages that would be incurred by appropriating it for reservoir pur-
poses. Some copper prospects have been discovered in the reservoir
site at a point known as the Dikes, but it was subsequent to the filing
on all of this land under the United States laws for reservoir purposes.
No further antagonistic interests can become vested here.

The capacity of the Buttes reservoir site is 174,040 acre-feet, and
the estimated cost of construeting this dam is $2,643,327, or an aver-
age cost of §15.19 per acre-foot of capacity. The Buttes reservoir site
has the advantage of being closer to the irrigable lands than any other
of the reservoir sites considered on this river.
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Area and capacity of the Buftes reservoir site. // \
Contour ; Capacity, | Capacity, /
Howlme,| AT%8 | mltion' | tatal. /‘/
Acres. | Acre-feet. | Acre-feet.
1o | AT | gt | el d \
20 5 550 £
30 22 K 2,050 : ‘
40 : : 5,180
50 9,830
0 16, 200
70 24,545 :
&0 34,710 : -
90 46,850 i
100 61,355
110 78,030
120 97,020 : )
150 119, 000 ) (
140 144, 565 §
150 174,040 j
B 160 207,795 5
179 246,395 H
180 240, 030 : A
190 338, 740 !
200 39,«, 660 ¢
{ \_’_\/,
H
$ _\/—-
Estimate for the Buttes dam.
Rock excavation for dam and riprap, 805,805 cubic yards, at $1 ._...._. 2305, 805
Masonry in walls above ground, 137,032 cubic yards, at $6.... .. _...._. 822,102 \\ '\
Concrete tower, 87,328 cubic feet, at 50cents. oo oiaio. 18, 664 H
Towerhouse... —o.ccoocaceicmanan D L S 750 \ .
8 inlets, at $300 €aCh - - .o e e e e 4,000 S,
4 balance valves,at $1,000 each. .____..__...._. . emeees A, S 4,000 3 s e(eJ’ng
Footbridge, 120 feet, at $10 per foot....__. S UL 1,200
Masonry below water:
Lower wall, 478,800 cubic feet, at 90 cents. ... ... oo ... 430,920

Upper wall, 793,800 cubic feet, at 70 cents. ... ... ... . .. 539,160 i

Steel plates in face wall:
1,152,000 pounds, at 7 cents_ . ..o 80, 640 I A

Low-water tunnel, 1,000 feet, at §15. .. . . o ...] S 15, 000 i \/\
Tower for lood gate .o« oo iiiiiaans 18, 664 3
e s 1o L J 750 t
Rightof way._ ... . oo ol L S i e i e SR AR 10, 000
Upper outlet tunnel, lined, 320 feet,at $15._ .. . . . ... ... ___. 4,800 {
Bulkhead for same, 200 yards concrete, at $10 ... ... ... ... _. 2,000

FRC———

‘Wooderib diversion dam at head of Florence canal, 500 feet a.’c $40 per

i

linear f0Ob . cmm oo oot e em e memame e 20,000 \/—\
2,298,545
Engineering and contingencies, 15 per cent. ... ... oo ... 344,78 ,
Total ............ i s i A 998 S S e e 2,643,827
Cost per acre-foot of water stored, $15.19. ]
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DIVERSION CANAL BELOW TIIT BUTTES DAM.

A topographic map was made on a scale of 100 feet to the inch,
with 5-foot contours, showing possible locations of a diversion canal
from the Buttes dam site to a point near the head of the Florence
canal, which is practically at the head of the irrigable lands to be
supplied from this reservoir. This topography was mapped by Mr.
Bradford Wheeler, of Los Angeles, California. A grade line for the
proposed conduit was computed. Flags were then setf with a'level
upon the 10-foot contour nearest the grade from the dam through to
the head of the irrigable lands. A transit stadia line was then run
between these contour flags, transit points being set at-intervals not
to exceed 500 feet. This transit line was then plotted upon plane-
table sheets, which were taken into the field, and the topography was
filled in by means of the plane table. Instructions were to keep the
aceuracy of the map within the limit of the contour interval. The
elevation of the contour flags was the vertical control for the work
and the angular transit line was the horizontal control.

Upon this topographic map the canal location has been studied.
The outlet tunnel, on the west bank of the reservoir, is placed at an
elevation of 30 feet above the bed of the stream, the storage capacity
lost below this elevation being immaterial. This would afford a bed-
rock diversion and no loss by seepage. The ecapacity of the proposed
canal is 500 cubic feet.per second. The grade of the canal being
lighter than that of the river permits of a gain in relative elevation
and the possible development of power. The principal point gained
by the construction of a canal as planned would be one of power.

A drop of 18.11 feet could be obtained at station 79+ 80, which, with
500 second-feet in the canal, would develop about SO0 horsepower.
If this horsepower could be sold at 50 per horsepower per annum,
it would pay 5 per cent on a capital of $800,000. In a setflement such
as would be built up upon the irrigation of 100,000 acres of land this
power might be sold. When the time arrives that would make the
power of sufficient value to justify the construction of the eanal, it
may then be built. Prior to that time the water from the outlet tun-
nels can be discharged intothe bed of the Gila Riverand diverted at the
present head of the Florence canal, where projecting ledges of rock are
suitable for that purpose. The cost of the construction of this canal,
therefore, should not be an element in estimating the cost of the
Buttes dam. The water from either the Riverside or San Carlos reser-
voirs, which would be discharged directly into the Gila River, would
necessarily be diverted forirrigation purposes at the head of the Flor-

ence canal, which is the point where water from the Buttes reservoir .

site could also equally well be diverted.
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Cost of the Buttes canal.

15,510 lineal feet of lined canal, in rock, at $3.80 per lineal foot. . _.._._. $136, 488
400 lineal feet of lined canal, in loose rock, at $6.73 per lineal foot__._ 2,602
5,120 lineal feet of earthen canal, 57 cubic yards excavation, per lineal
foot, at 30 cents per cubic yard, $1.71 per lineal foot_..._........ 8,75
580 lineal feet of lined tunnel, at $10.65 per lineal foot. ... ... .. 6,17
610 lineal feet of earthen canal, lined, at $7.94 per lineal foot_........ 4,8
1,960 lineal feet of flume and trestle, at an average cost of $17 per lineal

B (0T ) S 33,320
24,180 lineal feet of conduit. .. .. . i femeeeemaceaaaaa 192,275
Engineering and contingencies ... ... cocoeaoniiiaiaiaaaaaaan 28,840

4,59 miles, or about $48,000 per mile.
EXPLORATION AT THE DIKES.

Four miles above the Buttes dam site, on the Gila River, a dike of
voleanic rock, apparently of more recent geological origin than the
remainder of the country, crosses the stream. After the depth to bed
rock at the Buttes was determined to be disappointingly great, it was
thought possible that the depths might be less at the Dikes. A test
was therefore made to determine this. Pipe was driven toa depth of
96 feet and 3 inches in the center of the canyon without reaching bed
rock. As the width of the canyon at this point is 459 feet between
the rock croppings at the two sides of the canyon, and as the better
portion of the Buttes reservoir site in the way of capacity lies betwecn
the Buttes and the Dikes, this depth to bed rock is considered as hav-
ing condemned that location for the construction of a dam.

RIVERSIDE RESERVOIR.

The Riverside reservoir site is located on the Gila River, in Pin:l
County, Arizona, between the mouth of the San Pedro and a point one-
half mile below the mouth of Mineral Creek and 12 miles above the
Buttes (P1. XVIIL.) The dam siteisin a canyon one-halt mile below
the mouth of Mineral Creek. A view of this canyon, looking down-
stream, is shown on Pl. XVII, 4.

The water supply at this point will be practically the same as that
at the Buttes. There are no streams or drainage lines of consequence

ventering the river between the Buttes dam site and the dam site !

the Riverside reservoir. The discussion of the water supply in th-
previous pages of this report will apply equally to the Riverside res
ervoir site and the Buttes.

- The bed of the canyon between the projecting ledges at the fwe
abutments is 850 feet in width. A bench mark is located on the rici
bank, 20 feet above the bed of the stream. It is a bronze tablet, sei 1!
the rock, such as is used to designate elevations by the Geologies
Survey. It is considered 100 fect above the datum plane of the dii:
and regervoir surveys.
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This elevation of 100 feetl is equivalent to 1,763.30 feet above sea
vel. The roek at this location is a granite, well suited for build-

w purposes. The topographic survey of the dam site was made by
wrard H. Matthes, assistant hydrographer, United States Geological
airvey, in 1899, on a scale of 100 feet to the inch, and with a contour

iterval of 10 feet. A dam has been projected upon this map as a
asis for an estimate for this report at the point where bed rock was
etermined by the diamond core drill. The height of the dam above
he bed of the stream as estimated is 133 feet; the maximum depth
o bed rock is 78 feet, or a total height of structure of 211 feet. TLarge
~dges of rocks are available for construction purposes at an elevation
Jove the dam on either side of the canyon.

The accompanying map (Pl XVI) shows by means of contours the
salls of the canyon and also the location of the dam described above.
I'his has been prepared from the detailed map made by Mr. Matthes,
e 20-foot contour lines only being given. The dotted lines in the
enter of the map indicate the depth to bed rock as shown by the
irill holes. The point marked ‘“B. M. 100” on the map is at an alti-
ude of 1,763.3 feet above sea level. The surface elevation of the bed
+f the stream immediately above the proposed dam is 76.8 feet, and
mmediately below, 76.1 feet. Five borings to bed rock were made
ilong the upper face of the dam and six along the lower side, the posi-
ion of these being shown on Pl. XIV, C.

§ PROPOSED DAM AT RIVERSIDE.

" The dam at this point should be an overflow weir, as the topography
is not suited to the artificial construetion of spillways on either side.
The bed rock developed by the borings is a heavy granite, suited to
vithstand any pressure that may be put upon it by a dam. The
yuality of the building material, the topography, compelling an over-
fow weir, and the substantial character of the bed rock, determine a
nasonry structure as the best suited for this site. The section of dam
roposed for San Carlos (P1. XXTII), desecribed in detail under the dis-
cussion of that reservoir site, is the one selected as the basis of the
sstimate for the Riverside reservoir. '

Eleven holes were put down with the diamond drills, their position
being shown on Pl. XIV, C, at the point selected for the dam, and
vores of bed rock were obtained. These borings are distributed
icross the canyon on two lines 150 feet apart, the holes in each row
being between 50 and 60 feet distant from one another. The specific
mravity of the rock is 2.51 and its weight per cubic foot is 157 pounds.
Its strength to resist pressure was beyond the limit of the ‘testing
machine used, 2,555 pounds, which is equivalent to 184 tons per
tubic foot. This guarantees it to be strong enough for the purpose
tequired. The following table gives the log of the holes at this dam
site.  Two additional holes were put down 380 feet above the accepted
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' dam site, in order to deteyminewhether bed rock was nearer the gn».

face at this point. Oné: 1%id Svent down to an elevation of i f... ;
above the datum plane, or 76 feet in depth, and the other to an c
vation of 11 feet, or a depth of 68 feet. Bed rock was not encqy..
tered at either one of these points, and as the eanyon is wider }.....
than belotw, it is evidently inferior to the site where the princij.,
borings were made. Hence no alternative selection was attempr. ..

Log of holes at Riverside dam site.

Depth

Do. i
Bed rock doubtful; possible edge of |
cliff. |

)
Line, | Hole |Depth tol drilled | f1o¥% Quality of rock E
" | No. [bedrock.| inbed iygin ot RS ;
rock. g |
Feet. Feet. Feet. il i
A 1 74.0 1.33 | 1,667.3 | Hard driving. | i
A 2 5.5 5.00 | 1,664.7 | Hard driving at 50 feet; bowlders.
A 3 7 4.00 | 1,718.1 {
A 4 » |
A 5 :
B.... 1 Bed rock doubtful. :
B ..o 2 No ved rock: bowlders i
B... 3 .| Very hard driving; no bed rock.
B_... 4 .. Do.
C.... 1 1 Gravel and sand.
C.... 2 Bowlder. i
C.... 3 Bowlders. !
C 4 i
C 5
C 6
C. 7

NoTe.—Add 1,663.3 to elevation on contour maps for sea datum.
METHOD OF CONSTRUCTION.

As the quarries from which the material for the dam may be obtain«
can be properly located approximately on the axis of the strueciur,
cableways could probably be best used for putting the rock in place
The method of excavating to bed rock at this point might be that ree
ommended at the Buttes, although it is possible that further invest:
gation may determine that simpler methods of excavation will i»
sufficient. Sand suitable for conecrete work may be found in lirw
beds throughout the canyon. Along the wagon road from the Rive
side stage station to Globe large ledges of quartzite occur. DMasses o
this material have rolled down the drainage line practically to t.0:
River and at distances not exceeding 4 miles from the dam site. Th:
quartzite whoen ground is suited for mixing with finely ground '
land cement for making silica cement. This would cheapen the e
of cement for the construction of adam. The railroad station to whic
material for the dam will be shipped is Casa Grande. The freight -
cement from Los Angeles to Casa Grande is $12.20 per ton, or =¥
per barrel. There would then be a wagon haul of 50 miles over fait
good roads from Casa Grande to the dam site. This haul would ¢-
approximately $1.35 per barrel. With cement at $2.85 per barrel 4
Los Angeles, the cost delivered at the dam would be $6.52. A dum
feet in height across the bed of the stream, as deseribéd above, we
require 186,147 cubic yards of masonry.
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CAPACITY AND COST OF RIVERSIDE RESERVOIR.

The Riverside reservoir site was surveyed by Gerard H. Matthes,
assistant hydrographer, U. S. Geological Survey, and mapped on a
~«ale of 1,000 feet to 1 inch, with conteur intervals of 10 and 20 feet,
reaching an elevation of 214 feet above the bed of the stream at the
Jam site, which is the 290-foot contour of the reservoir survey. Witha
height of dam of 133 feet, or to the 210-foot contour, the length of the
reservoir would be approximately 14 miles, and to the 230-foot eontour,
or a height of dam of 153 feet, approximately 154 miles. The width
varvies at different points from a half mile to a mile. The prinecipal
breadth is from 3 to 6 miles above the Riverside stage station. A dam
150 feet in height to the spillway at the Buttes would store 206,000
acre-feet. A dam 133 feet in height at Riverside will impound 221,134
acre-feet, which is almost double the capacity of the Buttes reservoir
site. A dam 130 feet high to the spillway at San Carlos will impound
241,396 acre-feet, which is the best of the three for this size of dam.
With a dam 150 feet high to the spillway at the Buttes, which is the
height upon which the estimate is based, 174,040 acre-feet would be
impounded. A dam at Riverside of a height of 153 feet wouldimpound
544,398 acre-feet, which is double the capacity of the Buttes, and a
similar dam of 150 feet at San Carlos would impound 377,176 acre-feet.

The Riverside reserveir site is situafed in a mineral district. Cop-
per is found in large quantities in this neighborhood, and in August,
1399, there were 29 copper claims that would be wholly or in part
flooded in case a dam 150 feet in height should be bunilt. These claims
are not being worked commercially, but are at present ¢ prospeects.”
With a railroad built to this mineral field, it is quite likely that a -
number of these claims could be worked at a profit. The Ray mine,
which is being actively worked, is a- short distance- above the reser-
voir site on Mineral Creek. The owners are making an effort for the
construction of a railroad to the mines. It would be undesirable to
interfere with mining operations, which might develop valuable prop-
erties if interference could be avoided. The condemnation of right
of way would be one of the greatest expenses in connection with the
utilization of this veservoir site for storage purposes. It is probable
that it would cost $200,000 without court expenses, which would easily
amount to $50,000 more. There are under cultivation at present in
the reservoir site 332 acres of land: These fields are irrigated by a
small ditch. There is held in private ownership in the reservoir site
1,800 acres. This land would probably cost $20 an acre to condemn,
or & total of $36,000, z
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Capacity of proposed Riverside reservoir.

Height of
Contour* | dam above Area. Capacity of | Total capac-
flow line. bed of g section. ity.
stream.
Feet. Acres. Acre-feet. Acre- feet.
80 ;S PSS, S [ R
90 - 13 28 196 196
110 33 197 2,252 2,447
130 53 600 7,972 10,419
- 150 73 1,311 18, 005 28,424
170 93 2,816 36,270 64,694
190 118 3,967 62, 832 127,526
210 133 5,395 93,607 221,134
230 153 6,924 123,174 344, 308
344, 308

Note.—Elevations based on datum of dam survey; 100 feet = 1,763.30 sea datui
Estimate of cost of Riverside dam.

Masonry (half large rock and half concrete), 186,147 cubic yards. at
$4.10 per barrel for sand cement, or $3.74 per cubic yard for cement

(see Duryee's report), at $5.50 per cubicyard. ... ... ... .. _.__ 81,023, %%
Excavating for toundatlons 90,740 cubic yards ....................... 450t
Towers and BOTEES o o csnat e s smac st S adn S Emm R S S S mimm e S 1‘ titri
Valves . . o e BT SRS i
Footbridges « .. - i
Wooden crib diversion dam at head of irrigation canal_ ._____.__._____

ot . o e e mcmeiaiemmemeimammammen e
Contingencies, 10 per cent. . .. oo ... $151, 531
Engineering, 5 per cent.. .. ool 75,765 o0~ -

P _ Riohy =M
Total construction cost __ ... DT SRS HEES MHDH S BRS wn i1 7-1'3. Bid

Total number of acre-feet stored is 221,134, at a rate per acre, stored, of 5‘) m

SAN CARLOS RESERVOIR.

San Carlos reservoir site is located on Gila River, on the Whit«
Mountain Indian Reservation, at the San Carlos Agency, in Gils
County, Arizona, at a point where San Carlos River joins the Gil:
The Gila Valley, Globe and Northern Railway, which leaves th-
main line of the Southern Pacific at Bowie Station and runs to th-
town of Globe, passes across this reservoir site. The Gila River at th-
point traverses some spurs of the Pinal range of mountains, and tor
distance of 31. 3 miles below the dam site the river flows in a narn:
box canyon. This canyon extends to Dudleyville, which point ix

-upper end of the Riverside reservoir site. The river then jri=~-

through the Riverside reservoirsite for a distance of 15.5 milexs, aft+
which it again enters a canyon, which is the upper end of the Buti-
reservoir site. This latter canyon extends to the Dikes, which i~
miles above the Buttes dam site. The total length of river from >
Carlos dam site to the Buttes dam site is approximately 60 n
about 40 miles of this distance being box-canyon, and the remain:t-
portion being valley land, of from 1 to 3 miles in width.
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Six miles helow the San Carlos Agency, where the river enters the
pox canyon and approximately a half mile below the beginning of the
hox, is a point where the canvon isabout 90 feet wide at the water line
and where its walls rise very abruptly directly from the river. PL
NIX shows a view of the dam site looking upstream. The dam will
he located at the point where the wall of the canyon is shown to be
most abrupt. Pl. XX shows the dam site assurveyed, with a contour
interval of 10 feet. The dotted contours show bhed rock as indicated
hy the borings. At a point approximately 100 feet above the upper
face of the location selected for the dam there has apparently been a
fault in the rock of the canyon. If the dam were located above this
fault, there would bhe the possibility of a leak occurring between the
strata and of water passing through the fault to the channel of the
river below the dam. If the dam is built where located, this will be
obviated. ' :

The narrowest portion of the canyon is approximately 400 feet in
length, and immediately below this narrow point it widens out to 300
feet at the low-water line. This admits of a spillway provision as
shown in the plan of the dam (Pl XX) and described in the account
of the dam proper. The dam is located at the point shown in the
plan, therefore, in order to obtain better spillway advantage, to secure
better foundations and abutments, and to avoid the leakage through
the strata above the line of fault.

The question of water supply available at San Carlos has been fully
treated in preceding pages of this report in the discussion of supply
available at the Buttes and at San Carlos, to which reference is made.
The supply is ample to fill the reservoir with a dam 130 feet in height
to the spillway, as planned. The table on the following page shows
the amounts probably available at the San Carlos reservoir for each
month. In this table the inflow, consumption, and evaporation are
treated in the same manner as in the table on page 33, under the dis-
cussion of water supply for the Buttes reservoir site. It has been
determined that the difference between the amount of water available
for storage at San Carlos and the Buttes was 10 per cent, and this
deduction of 10 per cent has been made in all estimates for the supply
ab San Carlos as measured at the Buttes. :

The water which is released from the San Carlos reservoir site will
pass through approximately 40 miles of box canyon on its way to the
irrigable lands where it is to be used. Comparative measurements
made at the Buttes and San Carlos during the dry season of the year,
when less than 10 second-feet of water was flowing in the river at San
Carlos, indicate practically an equal amount of water at San Carlos
and the Buttes. There undoubtedly is a substantial loss from evap-
oration between these points, but this loss is compensated for by the
scepage water which returns from the Riverside Valley and from the
valley above the Buttes dam site. In the case of the Riverside Val-
ley a few second-feet of water is used for irrigation, and the return
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from this irrigation augments the stream. In both valleys, however,
the high stages of the river undoubtedly charge the sand bars and
gravel beds with water, and these are gradually drained off during
the lower stages of the stream and, as has been stated, give practi-
cally an equal amount of water at San Carlos and the Buttes.

The San Pedro and the other drainage lines entering the Gila above
the Buttes and below San Carlos will contribute their portion to this
stream, unregulated by a reservoir built at San Carlos. This water
can be used for irrigation around Florence if diverted below. If this
volume of water and the return water from seepage is added to the
water which is discharged for irrigation from the San Carlos reservoir
site, it is probable that there will be available for irrigation at the
point of diversion as much water as would be discharged from the San
Carlos reservoir site. ’

If the Gila River from the San Carlos dam site to the Buttes dam
site is 60 miles in length and 200 feet in width, it will expose to evap-
oration a water area of 1,454 acres. The depth of evaporation per
annum has been previously determined as 91 inches, or 7.58 feet.
With an area of 1,454 acres and a depth of evaporation of 7.58 feet
there will be lost from this body of water 11,021 acre-feet. This would
be 4.6 per cent of the total capacity of the San Carlos reservoir site,
and, in order to make an allowance for all possible loss, 5 per cent of
the water discharged from San Carlos is assumed as being lost for irri-
gation helow the Buttes. The Riverside Valley and the valley above
the Buttes are both largely public domain, and there is no reason why
the water from the San Carlos reservoir should not be used for irriga-
tion purposes at these points, as well as below Florence. This being
the case, there will be but a slight disadvantage in storing water at San
Carlos. A loss of 5 percent in transmission is accepted in the follow-
ing table and added to the amount to be liberated from the reservoir:

Estimated amount of water available from San Carlos reservoir.

[Capacity of reservoir is 241,396 acre-feet; 100,000 feet assumed to be in reservoir November 1.]
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Acre-ft. | Per ct.|Acre-ft Feet Acre-ftidcre-Jt
November ...[ 32,842 21 4,828 0.42 5,602 | 126,240
December 27 2 4,828 3 6,422 | 146,935 |
January .. 21 4,828 A 6,242 | 177,438 |
February. 51 12,001 . 14,885 | 187,061
March ... 7| 16,898 o 20,355 | 188,109
April _. 921,725 - 26,152 | 180,390
May .. 14 | 33,795 .8 39,369 | 148,248
June 14 | 33,795 =4 38,346 | 113,567
July ... 13 | 81,381 1 37,010 | 135,727
August.... 13 | 31,381 1 37,670 | 167,579
September. .. L7, 2 it | 26,554 E 51,991 | 182,838
October ......| 74,800 8 | 19,812 2,857 | 23,185 | 234,
Total ..... 422,184 100 [241,396
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There is still an amount available for irrigation below the Buttes,
an the basis of the above table, for a mean year, equal each year to
e full capacity of the San Carlos reservoir, of 241,346 acre-feet, with
4 minimum reserve in reservoir of 115,567 acre-feet, and 234,507 acre-
feet on November 1, for use during the following season. The dis-
«harge of the Gila River during 1899 was Iess than during any other
vear of which we have reeord. The following table demonstrates
that 241,396 acre-feet of water could have been delivered below the
Buttes fmm San Carlos from November 1, 1898, to October 31, 1899,
with a minimum reserve in the reservoir during that period of .12,269
acre-feet and 96,088 acre-feet in reservoir with which to begin the
season of 1899-1900:

Estimated amount of water available from San Carlos reservoir during 1898-99.

{Capacity of reservoir, 241,396 acre-feet; 100,0(;%51803’6:{091: assumed to be in reservoir Novemberl,

ze | 8 8% (35 a3 |5 [as] ¢
g E | =T 8% = | E. 0 £, | &8 54
=2 & g8 | 2R i g2 | ¢& = 23
=5 R4 9. | 30 & 2.3 g0 =& 2d
gF g 0L ¥ 8 88 | gF ) 838
5t | E |nEsiwi . | 2 | 2£ ! 8% | B2 | 28
3 . 3c Ea.| g8 sa ElD 3
Month. Inflow. | € g k3 p.g,% £Z 8| % 2 5 "’_: ;E z 2%
czg L‘?-—-gn =hakc] L (o [ L k=}
EZS! % |BEf|°5| 3 | 2| B8 | S§ | g%
gt o S o858 i EER +2 59 ¥l 3 =R
S 2 eS| BER ) o+ A 24 Lop=
oo E BB | oo~ 2 > =} 29 f4
=X @] [l B a < - [ foe]
Acre- Per | Acre- | Acre- | Acre- Acre- | Acre- Acre-
18098. Seet. cent. | feet. feet. | feet. | Feet. | Acres.! feet, | feet. feet
November ... 5,409 21 4,88 2411 5,069 213,460 | 1,453 | 6,522 | 98,887
December._...j 16,878 2| 4,828 241 | 5,069 333 | 3,560 | 1,185 | 6,254 | 109,511
1899.
January ...... 17,555 2 25 138,710 121,069
February 11.946 5 333 | 3,700 119,108
¢ March ... 7,194 71 i .50 3,600 106, 759
3,320 9 i I .58 13,810 85,348
99% 14 | I .83 12,650 659
276 14 | 5 92 11,610 12,269
65.754 13 | 1.00 | 1,570 43,503
! T a4, 884 18 105 | 2,050 33,223
Septe. mber ... 39, 260 11§26 83 | 2,000 42,941
October ...... b 74,800 8 W, 812 50 | 2,750 5,
Totals ...} 268,272 100 241,396 T8 ... 18,718 (272,184 |.o.ooo....

a Measured discharge of Gila Basin at San Carlos
b Estimated mean dm]_arﬂc. in acre-feet, of Gila Basin above San Carlos for month of October,

1899, s

PROPOSED DAM AT SAN CARLOS.

In determining the height of dam to be constructed at the San Carles
dam site two elements are to be considered. First, the amount of
water available; second, the amount of expenditure which can be
economically made. From a study of the water supply, shown on
page 29, a dam 130 feet in height, storing 241,396 acre-feet, is justified.
The year of lowest run-off of which we have a record is 1899. The
discharge of the river for this year at San Carlos was measured until
the 1st of October, and a monthly discharge for October, November,
and December, as determined, has been added to complete the year.
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This shows a surplus for the year 1899 above the capacity of the resoeyp.
voir of 76,879 acre-feet. The mean surplus above the capacity of {he
reservoirat San Carlosis estimated at 180,788 acre-feet.  The maximum
height of the central portion of the dam above the bed of the stream
is taken at 142 feet, and the maximum depth to bed rock below the
surface of the stream at 74 feet. This would give a total maximum
height of the central portion of the dam.from bed rock at 216 feet,
An increase of this height is considered unnecessary and as adding
too much to the expense of the structure. The table on page 69 is
believed to justify a dam of this size.

The San Carlos reservoir site was the last that was diseovered upon
the Gila River, and consequently the last point at which investigation
for bed rock was made. After the completion of the borings at
Queen Creek, the Buttes, and Riverside, the drilling outfit, in charge
of Mr. Patrick Tierney, was sent by wagon from Riverside to San
Carlos. This arrived at San Carlos in the latter part of June, 1899,
and work was immediately begun at the dam site. The first flood on
the Gila River in the summer of 1899 occurred on July 16 and was
about 10,000 cubic feet per second in volume. This knocked over
the drilling apparatus. It was restored to position, and frequent
other interrupting floods occurred at intervals of two or three days
during the remaining portion of July. The funds available for car-
rying on the work having become nearly exhausted, and the river
continuing its flood discharges, it was not considered practicable to
continue the investigation for bed rock during the present season.

Twoholes were put down approximately on the lower toe of the dam.
No. 1 was 33 feet to the right of bench mark No. 4, which is located on
the left abutment, and No. 2 was 66 feet from the left abutment and
approximately 30 feet from the right abutment. The depth to bed
rock at hole No. 1 was 23 feet.. The bed rock encountered is a very
fine-grained and flinty limestone. It was so hard that only 2 feet ¥
inches a day could be drilled into it with the diamond drills, which is
about one-fourth the rate of progress in ordinary granite. The depth
drilled into bed rock at this point was 12.5 feet.

Hole No. 2 determined the depth to bed rock to be 74 feet. Gravel
was encountered at 72 feet. The rock at this hole is a blue lime-
stone and is more easily drilled than the rock in hole No. 1. The
total depth to the bottom of this hole was 81.82 feet, the depth drilled
into bed rock being 7.82 feet. A third hole was put down in the center
of the bed of the canyon 60 feet from the left abutment and 100 feet
above line No. 1. A 2-inch pipe was driven to a depth of 56 feet and
2 inches, when it was found to be bent 2 feet from the bottom. The
pipe was then pulled up and 24-inch pipe driven to a depth of 51 feet
in the same hole. No further progress could be made on account of
the high water, and this hole was abandoned and all work stopped on
July 31, 1899.
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| IPPINCOTT. ] SAN CARLOS DAM. 71

The information concerning bed rock is meager, but it is considered
fair to estimate the maximum depth of bed rock at 74 feet. The bed-
ek itself is a very close-grained hard limestone and all that could
e desived for foundation purposes. The- location of the borings at
<an Carlos dam site is shown on Pl. XX.

MATERIAL FOR DAM.

Pl. XXV, B, shows a view of the left abutment of the dam. The
sirata dip downstream. It would be better if the dip were upstream,
as there would be less danger of leakage beneath the foundation of the
dam. The limestone, however, is exceedingly dense, not easily eroded,
and, as will be seen on the right-hand side of the illustration, where
a slide has occurred, the rock a few feet beneath the surface is rela-
tively free from seams. The abutment on the right is of much the
same nature as the abutment on the left.

The rock for the construction of the dam will be obtained near the
top of the two abutments. It will be excavated in such manner as to
form a channel for the flood waters to discharge over the two weirs,
which are located at the twoends of the dam. Sufficient rock will be
faken from these two chanmnels, as shown by the plan, Pl XX, to
build the entire structure, and this will be enough to furnish flood
channels for the maximum flood at this point, which is estimated to
he within 10 per cent of the maximum flood at the Buttes. These
quarries will be located at the end of the dam and practically on its
axis, and in such position that material can readily be handled by
means of cable for construction purposes. The haul of the material

will be onn a down grade, and the average distance will not exceed
200 feet. This is considered an ideal location for the economic use of
cables. The quarry rock has a specific gravity of 2.7, or a weight of
168 pounds per cubice foot.

On the left abutment it is an exceedingly fine-grained pink lime-
stone, much resembling flint, but showing, by analysis, percentages
as follows: 55.92 carbonate of lime, 31 carbonate of magnesia, 3.70
silica,.6 alumina and ferric oxide, and 1 moisture. The gray lime-
stone from the right abutment contains 96.65 carbonate of lime, 1.40
silica, 1.30 alumina and ferrie oxide, 0.65 moisture. From an engi-
neering standpoint it has the appearance of being a first-class build-
ing rock.

The sand required for the construction of the dam could be obtained
in the canyon within a few hundred feet of the dam site. It is a
Lood building sand, but would have to be washed before its use with
cement. Gravel in varying sizes is found in connection with the
sand and could be separated from it by screening. The quartzite that
would be used at San Carlos is-found in large ledges within 1,000 feet
of the dam site. Mr. Duryee’s report on cement is given on page 82.
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DETAILS OF DAM.

The dam selected for this site is shown in plan on Pl. XX, in seetion
on PL. XXII. The details are shown on Pls. XXI-XXVI. It is pro-
posed to construct it of large irregular bhlocks of stone, bedded iy
concrete.  The maximum height of this structure from deepest hed
rock to the top of the central portion of the dam is 216 feet, and the
maximum length is 617 feet. The total number of cubic yards con-
tained in the dam, weir, and towers is 94,730. In order to avoid the
erosion and shock which would result from a large flood passing over
the central portion of the dam and falling 142 feet on its base, the
middle part of the dam, for a length of 236 feet, has been planned to
an elevation of 12.5 feet above the elevation of the wasteways on the
sides. The section of the central portion of the dam (Pl. XXII) shows
thie line of pressure at B with 10 feet of water in depth passing over
the crest, and also at A the line of pressure with an empty reservoir.
Both these lines, for every portion of the dam, lie within the middle

‘third, resulting in a safe gravity structure.- The maximum pressure

on the upper toe is 12 tons per square foot and on the lower toe 12}
tons per square foot. The weight of the masonry is assumed to be
150 pounds per cubie foot.

In addition to its strength as a gravity dam it is given an arched
form. Expansion and contraction in a curved dam are more easily
adjusted than in a straight dam. The spillway on the right bank
(Pl. XXTIII, A) would be 237 feet in length, and on the left abutment
128 feet in length. With 3 feet of water passing over the central
portion of the dam and a corresponding depth of 15.5 feet discharged
through the spillways over the two end weirs, the total discharge past
the structure, exclusive of discharge through outlets, as estimated by
T. C. Clarke’s formula, is 83,620 cubic feet per second.- This is con-
sidered as the maximum flood discharge of the Gila River at this
point. It is fair to assume that the reservoir will not be wholly full at
the time such a maximum flood would occur, and that the capacity of
the reservoir will tend to relieve this flood discharge.

Two training walls have been planned from the ends of the central
portion of the dam to protect its toe from the erosion of water passing
over the spillways. This water will be discharged into the canyon
below the lower toe of the dam in such manner as to project the over-
flow down the canyon away from the dam. The section of the waste-
way weirs proposed for the two spillways is shown in Pl. XXIII, .
These weirs are to be built upon the sloping ledge rocks, and will have
a slope on their lower face of 3 feet horizontally and 2 feet vertically.
They will be of an exceedingly substantial nature, the surface being
protected by from 2 to 3 feet of extra strong concrete. The water in
passing over them will never leave the face, and consequently there
will be no pounding action.
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The outlet from the dam will be through two towers located near
+ie right abutment. These towers will be semicircular, a portion of
e opening being recessed into the dam, as shown by the details (PL
\NIII, B). A series of intakes will be placed in this tower at varying
Jlevations, the valve (PL XXVI, 4) consisting of a plain cap or cover,
« shown in the detail, which will be lifted by an ordinary wheel and
«rew. The intakes will be pipes 3 feet in diameter, and there will be
dx in each tower (Pl. XXVI, B). As the water should be drawn from
wear the surface of the reservoir at all times there will be very slight
nressure to be overcome in lifting these valves, and this may be over-
-ome by closing the balanced valves inside the tower, allowing the
ntter to fill with water through small by-pass valves, after which the
pressure on the outer intake valves will be relieved. In case any one
of the valves should become stuck, the water could be drawn into the
rower from other valves, and when the general water plane fell below
‘he elevation of the injured valve it could then be repaired.. A second
«t of valves is to be located near the base of the tower. These valves
vill permit the water to discharge through two cast-iron pipes which
vill pass through the dam and which are to be 4 feet each in diameter.
It will be possible to discharge water through four of these pipes,
'wo being located in each tower, as shown in the elevation of the dam.
The discharge through these pipes will vary with the depth of water
n the tower.

As the valves for the discharge pipes may have to be operated
umder a considerable head of pressure, a balance valve has been
lecided upon as preferable. This valve is shown on Pl. XXIII, B.
I'he action of this balance valve is in the nature of a double piston head,
vhich is driven by a screw gear from above. One of these valves, or
viston heads, is seated on each side of the valve box. They are equal
1 area, consequently the downward pressure on the upper valve is
halanced by the upward pressure on the lower valve. When the
valve is wide open one of these piston heads will be 21 feet helow its
eat, and the upper piston head will be in the center of the boxing.
'he water will therefore enter through both openings and discharge
‘hrough the main pipe.

The towers were considered necessary in order to prevent the
leposit of silt around the valves, or their clogging with drift. In
ase the inner valves become out of order the outer valves can be
losed and the inner valves then repaired. Two towers have been
‘rsigned, so that one complete set of valves can get out of order and
e second set be used during the repair of the first. A bridge from
ach abutment to the towers has been planned, so that the dam may
i crossed and all points on the top of the dam visited, even during
taximum floods. Alternate designs for this cressing are shown on
he elevation of dam and wasteways, one for an iron bridge and the
iher for a combination iron and concrete span. '
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74 STORAGE OF WATER ON GILA RIVER, ARIZONA. [No. 5

The safety of this structure, considering the remarkably hard heq
rock on which it is to rest, the fine character of the building stons.
that may be used, the heavy gravity section of the dam and the weis
that have been planned, the solidity of the abutments and the nar.
rowness of the canyon, would he beyvond question.

At a point 180 feet above the upper face of the dam, marked “B. ).
No. 1”7 on the plan (Pl. XX), the canyon is but 88 feet in widtl
between the abutmentwalls.  This is apparently an ideal place to put
down sheet piling to bed rock to intercept the underflow. The surface
flow of the stream would then be diverted in a ume to a point below
the dam. It is believed that the sand and gravel of the river hed
could be solidified by injecting cement grouting through pipes into
the voids of the sand between the sheet piling and the foundation
excavation. This could be injected at various points and elevations
and the mass sufficiently solidified to admit of the excavation to bed
rock at the site of the dam.

CAPACITY AND COST.

The capacity of the San Carlos reservoir with the height of dam
proposed is the greatest of any of the reservoir sites that were found
on the Gila River by this survey. The elevation of the bed of the
canyon at the dam site is assumed by the surveys as 100 feet and is
~equivalent to a sea elevation of 2,307 feet, as determined from the San
Carlos railroad station. A United States Geological Survey brass
bench-mark tablet has been placed at the dam site. The capacity of
the San Carlos reservoir site is shown in the following table:

Capacity of San Carlos reservoir site.

. g Per cent
Con- Arca %g?&ﬁ;t; Total Mean |of maxi-
tour. . O LT contents. | depth. mum
= g depth.

Acngs. Acre-feet. | Acre-feet.| Feet.
)
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A. iNLET VALVE FOR SAN CARLOS DAM.

10 Ft,

B. HORIZONTAL SECTION OF MAIN TOWER OF SAN CARLOS DAM, SHCW.ING
ARRANGEMENT OF VALVES.
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The area that will be flooded by the construction of a dam at the
varrows will be on the Apache Indian Reservation. The question of
Acht of way would be the obtaining of the use of these reservation
ands. A plane-table survey of the reservoir site was made by Mr.
cyrus C. Babb, on a scale of 24 inches to the mile and with a contour
mterval of 10 feet. Irom this survey it was found that 587 acres of
ands that have been irrigated and farmed by the Indians would be
dooded; that of the remaining area, 4,405 acres are irrigable, the
omainder, 3,360 acres, being nonirrigable. No improvements have
seen made by the Indians other than the building of brush fences
.nd houses. The Apache Indian is of a roving nature and does not
like to live for a long period of time upon one spot. It is said that
when a death occurs in a family the house is abandoned and a new
ncation is selected. .

In order to provide for the damage which would be done to these
Indian farms, the estimate includes $20,000 for the construction of a
new irrigation system for the Indians above the reservoir site. There
i~as much water available from the Gila River at points between San
(‘arlos and Geronimo as near the agency. Lands in that locality are
unoccupied, are of equal fertility, could be irrigated with equal ease,
and are on the reservation. If, therefore, a substantial irrigation
system should be built for these Indians higher up on the river, and
this should be given to them in lieu of their primitive and deficient
systems that now exist, it is considered that the treatment would be
fair.

When the Gila Valley, Globe and Northern Railway built through
the reservation they paid the . Indians at the rate of $40 an acre for
the irrigated lands that were used for right of way and in addition
rave the tribe in general $8,000. These Indians are industrious and
anxious to work for wages whenever opportunity is offered. They
built the greater portion of the railroad through their agency. The
work on the dam would extend over a period of two years or more,
ind the Indians may be given much employment in connection with
this construction.” It has been found in Mexico that as the water is
run oft from a reservoir crops may be raised upon the uncovered
lands, which have been completely saturated by the retiring water.
These lands are found to be most productive. The Indians of San
(arlos would have the opportunity of raising crops upon marginal
fands and would doubtless avail themselves of this opportunity.

The ageney grounds and military post were surveyed in detail on a
scale of 200 feet to the inch, with 5-foot contours. The essential fea-
'ures of this map have been reproduced on Pl. XXVIII.

While the elevation of the spillway at the dam is 130 feet above the
bed of the stream, the flood line of the reservoir must be considered
s being at the maximum elevation of the water passing over the weirs,
or approximately 145 feet above the bed of the stream, or 245 feet
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above the datum of the contour surveys. This contour, while it
would not include all the buildings of the military post and of the
Indian agency, would cover so great a portion of the grounds that the
remainder would be practically useless.

The agency and the post are both exceedingly dilapidated and old.
It has been proposed that the entire agency.be moved to a more
desirable location about 8 miles above, on the San Carlos River,
where, in fact, the greater number of the Indians are located. A
handsome new school building, which has been provided for in recent
appropriations, will not be located at the old agency, but at this point
higher up on the San Carlos. There is a stone school building, store-
house, and blacksmith shop at the ageney. The officer’s quarters are
adobe, the post trader’s building is a frame structure, and there are
twenty frame barracks. The quartermaster’s department is a series
of sheds, and the remaining buildings are either adobe or of rough
lumber. They.are all one-story structures except the schoolhouse,

and are of a very ordinary type. There is a military ice and pump-
ing plant and an agency flour mill, Whlch would be flooded by the
reservoir.

After a careful eonsxderahon of all the buildings, and a discussion
of the situation on the ground with officers in charge and those
familiar with the value of the property, a total price of $60,000 is
considered as sufficient to provide for all damages done. This sum
has been included in the estimate. In view of the probable moving
of the agency to another location and the possible abandonment of
the military post, and considering the general state of dilapidation
which prevails, this figure of $60,000 for the building of a new post
is considered as liberal.

As will be seen by reference to the map of the San Carlos reservoir
site, the Gila Valley, Globe and Northern Railway enters the reservoir
basin near its head, on the Gila River, and passes up the valley of the
San Carlos River, a total distance of 5.75 miles in the reservoir site.
This railroad was built in the fall of 1898. A better location for the
road, away from the river, was recommended by the locating engi-
neer. It provided for the crossing of the neck of land between the
Gila and the San Carlos. The location of this line is indicated by the

" topography on the reservoir map (Pl XXVII). The railroad could be

changed from its present location, beginning at a point 2 miles above
the Gila River bridge and crossing the Gila at that point, passing over
a divide on the point of land mentioned above at an elevation of less
than 200 feet above the bed cf the stream, erossing the San Carlos 2
miles above the San Carlos station, and joining the present line at the
last-named point. The‘lenwth of new construetion would be 5 miles.
The roadway would cost about 8,000 per mile, or a total of S£0,000
The material for the roadbed would cost, approximately, $4.000 per
mile, but could be moved from the old location. There would be &
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WATER-SUPPLY PAPER NO. 33 PL. XXVill

CONTOUR MAP OF THE GROUNDS OF THE SAN.CARLOS INDIAN AGENCY AND
MILITARY POST, SHOWING LOCATION OF BUILDINGS.

4, hospital ; building of adobe and military tank above it. B, adobe buildings cccupied by the officers. C, frame
buitdings used as barracks. [IJ. adobe buiidings used as stables. F, school grounds; buildings mainly of adobe.
F, ruts or wigwams used by the indian police. @, guardhouse. H, trader’s store. I, stone warehouses. J, offices
of the United States Indian agency; built of adobe. K, shops and stables built of stone.
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LIPPINCOTT.] GUTHRIE RESERVOIR. 77

siving of 4 miles in distance in the new line over the old, which should
compensate for the moving. There would be two bridges to move, at
an approximate cost of $10,000.

The Gila bridge contains thirty-three 16-foot bents and three small
spans.  The San Carlos bridge has thirty-four 16-foot bents. The total
cost of moving this railroad has been estimated at $50,000. As all the
material for the construction of the dam that will be shipped to San
(arlos will have to pass over this railroad, inelnding about 25,000
barrels of cement, and asthe railroad will be shortened 5 miles without
any seriousadditional grade and removed from a valley of two torrential
streams, it would seem that this echange of location might be readily
arranged. The reason the railroad was placed in its present location
was to enable it to reach the post and ageney and secure that trade.
With the agency removed, there would no longer be the occasion for
its present location.

Estimate, San Carlos dam.
Rubble masonry, laid in concrete, 94,730 cubic yards, at $6 .. ... .. . $568, 380.00
Nore.—With sand cement, at $4.63 per barrel, or $4.28 per

cubic yard. (See Duryee's report.) This figure is based on half
of the mass being large rock and half concrete.

Excavation foundation, pumping, etc ... ... .. ... ... .. 150, 000. 00
1 semicircular tower, of concrete, 18,632 cubic feet, at 00 cents _._ .. 6,816. 00
ltower, same dlame;er inside, 60 feet high, 4,238 cubic feet, at 50 cents_ 2,119.00
2 tower houses, including the semicircular base of concrete, at
ST80 each. . el ieiieo- 1, 500. 00
10 inlets for towers, at $§500each ... ... .. .. . ....._...._. 5,000. 00
2 balance valves, at §1,000each _._. . ... .. .. __.__... R 2,000.00
2 balance valves, at §750 each _____. .. .. ... ... ... 1,500.00
610 linear feet of footbridge, at $10 .. . . . ... ......... 6,100. 00
5 miles of railway, moved, at $10,000 permile ... _.._.._. ...._____ 50, 000. 00
New irrigation system above the Indianagency .................... 20, 000. 00
Damage to agency and post buildings .. ... .. ... *60,000. 00
Low water diversion tunmnel __._ .. ... ... .. ... _......_.. 10, 000. 00
Wooden crib diversion dam at head of irrigationcanal........__.._ = 20,000.00
903, 415. 00
Contingencies, 10 per cent ... ... o e L L e 90, 341. 00
Engineering, 5 per cent. .. ... oL Lol Lol . 45,170.00
Total .. ___....._...__... I - 1,038, 926. 00

Total number of acre-feet stored is 241,396, at a rate of $4 30 per acre-foot,

GUTHRIE RESERVOIR.

The Guthrie reservoir site is situated in Graham County, Arizona,
about 30 miles northeast of the town of Solomonville, on the Gila
River. The dam site shown on-Pl. XXX is about 1 mile above the
Coronado Ranch House, in what is known as York Canyon. This
is approximately 4 miles above Guthrie and 13 miles below Duncan.
The canyon is about 2,000 feet long, opening both above and below into
broad valleys. The survey was made for a 140-foot dam, as a natural
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78 STORAGE OF WATER ON GILA RIVER, ARIZONA.
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spillway occurs one-half mile east of the dam site, the lowest elevatioy,
of which is 130 feet. The main wagon road through the valley passes
dirvectly through this spillway. The opening varies from 200 to 5o
feet in the bed of the canyon and from 800 to 900 feet in width at g
elevation of 140 feet above the stream. The cliffs of the canyon ape
composed of voleanie rock, and quarries could be located at an elevs.
tion above the dam site. No borings for bed rock have been made at
this point, because of the lack of funds, and also on account of its
remoteness from other portions of the work. The walls of the canyon
indicate varying conditions of lava flow. They are shattered, and in
some instances there are strata of hard rock overlying cobbles and
clay. It isnot probable that the rock could be quarried in great
quantities or in blocks, and it would be difficult to get good abutments,
It has been exceedingly contorted and crushed at an elevation of about
40 feet above the bed of the river.

The survey of the reservoir site was made by Mr. Cyrus C. Babb,
hydrographer, on a scale of 1 mile to 2} inches (Pl. XXIX). Thel40- .
foot contour runs within three-quarters of a mile of the town of Duncan.
It is probable that the type of dam which would be constructed at this 7
point, if one should be built, would be of a rock-fill type or possibly
of earth. The basin of the reservoir contains no irrigated agricul-
tural land, but it would appear to be possible to irrigate a portion of
this valley. The New Mexico and Arizona Railroad, which is a nar-
row-gage road running to Morenci, Arizona, passes through the entire
length of this reservoir site and through the dam site. The side of /
the reservoir site on which the railroad would have to be built is 4
rough, and the cost of construction wo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>