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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DivisioNn oy HYDROGRAPHY,
Washington, D. C., June 12, 1902,

Sir: I have the honor to transmit herewith a manuseript by Mr.
Arthur P. Davis, giving the results of surveys and investigations for
water storage on Salt and Verde rivers, Arizona, and request that it
be published in the series of Water-Supply and Irrigation Papers.

The results described in this report were obtained by Mr. Davis
mainly during the year 1901. Assistance was rendered by the loeal
authorities, committees, and citizens of Maricopa County, Ariz., and
through the cooperation thus had it was possible to go into details
which under other circumstances could not have been disecussed. The
work is of great value, not only to the Salt River Valley, but to other
poxtions of the srid region where water storage will in the future be
undertaken, as the careful work of Mr. Davis has demonstrated the
feasibility of utilizing natural resources, particularly in the making
of cement and turning to advantage previously unsuspected means
for conserving water. Throughout Arizona and the entire Southwest
the development of agriculture, and to a less extent of mining and

-other industries, rests upon water conservation, since in these vast

areas the streams are for the most part of small volume and are sub-
jeet to occasional destructive floods. 'The impounding of these is one
of the most important fundamental steps to be taken toward the utili-
zation of the vast area of vacant publie land.

Very respectfully, F. H. NEWELL,

Hydrogropher wn Chorge.
Hon. CaariEs D. WALCOTT,
Director Uniled States Greological Survey.
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WATER STORAGE ON SALT RIVER, ARIZONA.

By ArTHUR P. Davis,

INTRODUCTION.

Salt River Valley lies south of the center of the Territory of Arizona,
and contains by far the largest irrigated arves in that Territory. Its
water supply is obtained from Salt River, forming below the conflu-
ence of Verde River the largest stream in Arizona.

Verde River drains the central portion of Arizona, and Upper Salt
River the east central portion. Both streams are more or less torren-
tial in character, the combined flow dwindling at times to about 100
cubic feet per second, and at other times reaching a volume more
than one hundred times as great.

The development of Salt River Valley has been carried on by
diverting the natural flow of the river, which is not sufficient for the
adjacent lands. Settlement and cultivation, encouraged by years of
large or normal water supply, have reached a point where dryer
years do not furnish sufficient water for the proper irrigation of lands
already in cultivation, and unless the water supply can. in some way
be increased not only must agricultural development entirely cease,
but some of the land already in enltivation must be abandoned.

The unprecedented drought of the last three years has brought, the
people of this region to a most vivid realization of this condition, and
to a strong determination to by some means secure the construction
of reservoirs for the storage of the waters which now go to waste
during the melting of the snows in the spring, and during the torren-
tial rains of the late summer. The agitation for storage led to the
formation of the citizens’ committee in Phoenix for promoting investi-
gations and for developing some project for the storage of water.
The action taken is set forth in the following communication received
in November, 1900, by the Secretary of the Interior, from Mr. B. A.
Fowler, president of the Salt River Valley water-storage committee:

The citizens of the Salt River Valley of Arizona have, as & result of a protracted
drought, become thoroughly aroused to the vital importance of forest protection,
and especially of water conservation through the construction of reservoirs.
Mass meetings have been held and an organization formed representing all of the
diverse interests of the valley. As president of this organization, I have been
instructed and empowered to take active steps toward bringing sbout better

conditions. 9
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A careful study of the situation has shown that, as preliminary tothe construc- *
ion of systems of water storage, we must bave a full knowledge of all of the
physieal conditions of topography, water flow, depth of bed rock, amount of sedi-
ment carried by the water, and other facts. With these fundamental facts, and
with estimates of the eapacity and cost of construction, it will be possible to dis-
cuss alternative projects, and to lay before the people the data by which they car
be guided in future action, and by which Congress may consider the advisability
of public works for the regulation of the streams and for the reclamation of arid
lands.

‘We understand that one of the bureaus of the Department of the Interior, viz.
the Tinited States (Gteclogical Survey, has been authorized by Congress to ascex-
tain these facts relating to the reclamation of the arid region, the storage of water,
and related subjects, Also that the demand for work of this kind far exceeds the
funds available for carrying it on, and that as a consequence work is being con-
centrated in localities where the greatest public interests are o be served, and
particularly where cooperation is offered by the people or their legislatures.

In view of these condiiions, I am authorized to bring before you the great
importance of this work to the people of Arizona, and as an evidence of our earn-
estness in the matter to offer to cooperate to the extent of furnishing $1,500, tobe
disbursed upon the usual approved vouchers, an equal amount to be alloited from:
the funds of the United States Geological Survey, to be expended by the latter ir
making these investigations. My conference with the officials of the Geological
Survey has shown that this proposition is acceptable to them, being similar to the
cooperation now in force with the Water and Forest Assoclation of California
and also with officials in various States.

T rust that this matter will meet your hearty approval and this greatly needed
investigation can be begun at once.

This letter was referred to the Director of the Geological Survey,
who replied to the Secretary of the Interior on January 14, 1901, as
follows:

T hawve the honor to acknowledge, by reference from the Department of Decom-
ber 81, for early report and return of the papers, s letter dated November 20, from
Mr. B. A. Fowler, president of the Salt River Valiey storage committee.

In this Mr. Fowler offers to cooperate to the extent of furnishing §1,500 in the
investigation of the water resources of the portion of country above the Salt River
Valley. This offer of cooperation should, in my opinion, be met with hearty
approval and investigations pushed forward energetically in fhose regions where
the people testify to the need of this work by farnishing financlal aid.

‘The offer of the Arizona people is comparable to that of the California Water
and Forestry Association, which has paid one-half of the field expenses of similar
investigations in California during the pasi year.

Mr. Fowler, after presenting his letter of November 20 to you, and having a
personal conversation, filed in this office a copy of the letter. In view of the
necessity of beginning work immediately, while the climatic conditions are favor-
able, I authorized the beginning of this Arizona work, and will have it pushed
forward to completion if it continues to meet your approbation, as I understand
informally that it does. .

The worlk nowin hand consists of a thorough examination of the drainage basin
of Verds River, the gaging of the streams, and the defermining of the water sup-
ply; this latter involving the survey and examination of possible reservoir sites.
After this is completed, it is possible that work will be continued on the Salt
River above the Verde.
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Accordingly, early in January the investigation of the McDowell
~egervoir site, near the mouth of Verde River, was begun, Measure-
wqents of the flow of the river were also begun at onee, and borings
vere made in order to ascertain the nature of the foundation for the
2roposed dam. ‘While the borings were in progress surveys were car-
ried on to determine the capacity of the reservoir and the cubical con-
tents of the dam. The work al the McDowell dam site was concluded
on April 20, when the public funds available for the work were almosst
exhausted. About this time the water-siorage commission was
appointed, under the act of the Arizona legislature, as follows:

No. 65.

AN ACT to authorize any connty in the Territory of Arizons having an assessed valuation of
eight million dollars or over to prepare plans and specifications for a storage reservoir or
reservoirs, dam or dans, to acgaire the site for the sume, and to provide the necessary funds
to defray the expenses incurred.

Be it enacted by the legislative assembly of the Territory of drizono:

SroTioN 1. Any county in-the Territory of Arizona having an assessed valua-
tion of eight million dollars or over may avail itself of the benefits of this act by -
complying with the provisions as hereinafter provided. The board of supervisors,
upon the petition of fifty qualified electors and fresholders of said county, shall
reguest the district judge in which the county is located to appoint a board of
water-storage commissioners, and the judge shall within ten days thereafter
appoint five qualified electors, who shall be resident frecholders of said county,
who ghall be known and designated as the board of water-storage commissioners. -
Bach of said commissioners shall hold office for one year and until his successor
ig gppointed and qualified. Before entering upon the duties of his office he shall
give bond in the sum of one thousand dollars, payable to the said county, for the
faithful performance of his duty. Said bonds shall be approved by and filed with
the board of supervisors of said county. At its first meeting the board ghall
organize by the election of one of its members ag president. It shall also elect a
gecretary, who may or may not be of its number. The compensation for the
members of gaid board shall be five dollars per day for each day actually emgployed.
They shall algso be allowed their actual traveling expenses. The salary of the
secretary shall be fized by the board. The board shall establigh and maintain an
office at the county seat of the said county. It shall be the duty of said water-
storage commissioners to examine reservoir sites, cause to be made surveys and
soundings, determine the capacity and cstimate the cost of construction of said
proposed reservoir or reservoirs, dam or dams, determine the extent of the water-
sheds and rainfall thereon:; to collect such other information as shall show the
water available for storage use in raid county for irrigating purposes; to provide
for the accumulation of such other information as may be required therefor, and
canse abstracts therefrom to be published in some newspaper published and of
general circulation in said county; to employ and fix the compensation of a.com-
petent engineer or engineers; to prepare plans, specifications, and estimates for
aaid reservoirs and dams and file a copy of the same with the clerk of the board
of supervisors of said county; to employ and fix the compensation of legal counsel
in any watters arising under this act, or necessary o authorize the construction
of the dams or regervoirs referred to in this act, and to select the most available
reservoir site or sites, and to acquire the same, together with any rights of way
necessary over public or private property, by purchase or through eminent domain,
in the name of sald county of Maricopa, and for the benefit of the people of said
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county; and to negotiate with and obtain agreements from canal cornpanies in rela-
tion to the distribution of water or its delivery to the point of ultimate use, and to
eooperate with.or contribute towards the expenses of any investigations now being
made or hereafter to be made by the United States Geological Survey, and to
transfer to the National Government any reservoir site or rights thevein or thereto,
or connected therewith, which may have been acquired hereunder, in the evert
that the National Government should undertake the construction of the reserveir,

8ec. 2. For the purpose of defraying the expenses of the board of water-storage
commissioners, the board of supervisors of any county availing itself of this act
shall at the time of levying Territorial and county taxes in the years 1901 and 19C3
levy an additional tax of one and one-half mills on the dollar on all taxable prop-
erty within the said county, to be eollected asg other taxes are collected; snd the same
shall be denominated and known as's water-storage fund. The board of water-
storage commissioners shall audit and approve ail bills for expenses incurred
under the provisions of this act, and present the same, together with the claires
for their salaries and expenses, to the hoard of supervisors, who shall, if foun-
correct, pay the same out of any money in the water-storage fund.

SEc. 3. All acts and parés of acis in conflict with the provigions of this act are
hereby repealed.

Sec. 4. This act shall take effect and be in force from and after its passage.

Approved, Maxreh 20, 1901,

The water-storage commission consisted of J. T. Priest, Charler
Goldman, W. D. Fulwiler, Dwight B. Heard, and J. G. Peterson.
Arrangements were made by which the officers of the Geological Sur-
vey were to prosecute investigations at the reservoir site on Salt Rive»
at the mouth of Tonto Creek, with the machinery and camp equip-
ment of the Geological Survey, the water-storage commission to fur-
nish subsistence and to pay the laborers and incidental camp expenses.
Borings and surveys were carried on for about three months, result-
ing in & thorough knowledge of the foundation conditions for a higl
dam, the cubical contents of the same, and the capaeity of the reser-
voir site for each 10 feet of elevation above the river from 10 to 200
feet. The results of all these investigations and the plans founded
thereon are given in the following pages.

WATER STORAGE ON VERDE RIVER.
CHARACTER OF DRAINAGE BASIN.

Verde River rises in the Black Forest, near the line of the Atchison,
Topeka, and Santa Fe Railway. Its general course is a little east of
south, draining the Black Hills and Black Mesa. The prineipal tribu-
taries from the east are Dragoon Fork, Oak Creek, Beaver Creek, Clear
Creek, and East Verde River. All are of considerable length and come
from mountainons country, with relatively high rainfall, and furnishk
the main portion of its waters. The only tributaries of eonsequence
from the west are Walnut Creek, near the head, and Granite Creek,
which rises near Prescott and flows northward. These creeks are usu-
ally dry. The total area drained by the Verde is about 6,000 square
miles, ranging in altitude from 1,250 feet at Camp MeDowell to over
8,000 feet. The topography of the basin is widely varied in character.
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DAVIR.] VERDE RIVER AT M’ DOWELL. 13

Near the headwaters are Big Chino, Williamson, Little Chino, and
Lonesome valleys, each of which is an extensive plain yielding little
ran-off to the river. The greater portion of the basin, however, is of .
a mountainous character, being cut with profound ecanyons and.
dotted by rogged mountains. Only a small proportion is wooded
and the soil is kept nearly bare by excessive grazing. As might be
expected, the rmn-off is largely torrential in character, and the floods
carry some silt. In this respect it is not as favorable for storage as
the basin of the Salt.

WATER SUPPLY.

The flow of Verde River at Mount McDowell was directly observed
by the Hudson Reservoir Company from February 4, 1895, to July 31,
1896; and by the Geological Survey from April 20, 1897, to November
30, 1899, and during 1901. The balance of the record from August 1,
1888, to January 1, 1901, is derived from the record of the discharge
of Salt River al Arizona dam below the mouth of the Verde, accord-
ing to principles set forth on page 24. As these records are neces-
sary in connection with the study of the duty of Salt River reservoir
they are given by months in connection therewith, on page 26.

The monthly discharges, as far as completely known, are as follows:

Estimated monthly discharge of Verde River at MeDowell,

IDrainage area 6,000 square miles.]

Discherge in second-feet. Run-off.
Totel in | Second-
Month. .
Meximurn, | Minimum,| Meap, | 207e-feet. | feot por|Dopthin
mile.
10,547 0.08 0.03
9,998 i 03
10,178 .08 .08,
25, (50 07 .8
205,964 56 845
b1 W1 2 S O
January ... 10, 480 i 2,498 158, 611 .42 .48
Februatry.. 1,718 &0 1,172 83, 0 N 21
March ... .. 13,180 1,800 8,411 600,749 BT .65
ﬁ};ril .............................. 1,112 409 95 47,802 il .19
¥ - o nrem e e 659 18 197 12, 141 03 .03
185 o7 143 8, .02 02
551 140 208 12,819 .04 L4
] 191, 24 A .03 .08
562 %gg % 14, 880 . 8i . %
15 266 P 17,136 i o
12,686 b4it 2,843 174,845 o7 il
13,180 107 1,008 742,028 18 2.43
6,615 518 2,092 128, 685 .35 .40
84,480 470 4,544 22,172 76 Rl
6,710 1,000 2,504 153, 967 .82 .7
415 274 368 21, 89¢ 08 T
260 120 174 16, 680 .03 i
- 209 g 153 9,121 .03 Ris)
e e e 36 18y 220 18,585 .04 i
August ... ... R 3,760 56 1,904 117,014 R 87

sOhtained by taking proportional part of the discharge of Salt River at Avizons dam.
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Estimated monthly discharge of Verde River at McDowell.—Continued.

Discharge in second-feet. Run-off,

Wonth, Total in | Second.
: - acre-foot. | feof per  Depthin
Maximom, Minimam.| Mean. sanare | inches.

mile,
i880.e
________________________ 1,768 348 1,128 s .18 .21
3,738 8 1,584 80,116 .02 02
16, 252 483 2,359 140,331 .30 .43
Decembeor, . 15,188 555 8,130 a2, a2 58
The year . .ocuewicaiinaaaoas 64,480 ] 119 1,666 | 1,186,843 L8 8.69
1891

. wma v mnan 1,435 88, . 25
L 17,467 #10,051. 2,01 3.08
25 1,928 18, .82 &
450 534 31,715 08 .18
365 458 28,190 .08 .09
283 401 23 848 N .08
258 34 19,991 5 08
251 28 17,113 05 Ri]
229 205 23,478 06 o7
Eoi 258 , 833 M 04
R 231 256 15,283 M4 R
Decernbar . .vus oo e 294 08 20,168 .05 08
The YORY « e e 186,000 08 2,004 | 1,871,760 .32 4.35
284 , 468 05 A8
BILOE | e
108: 51 N [,
BEZIB | e
BEGOB | .o ans
L2871, 3 R O,
, 374 02 .02
12,172 .08 .83
. 768 .03 L3
18,112 Rit R
15, 268 .04 K
17,309 W05 .08
128,881 ||
14, 204 i 04
248 672 37,818 W1 A1
5,336 331,148 20 RiTS
141 2%} 17,244 05 Ri
64 150 9,258 Ag .02
44 a3 4,052 K111 K1)
17 25 13,842 M B4
233 802 48,821 .18 1B
284 530 31,682 .09 10
216 37 23,120 .06 o7
280 206 17,813 05 R
3 315 18,888 .85 .06
44 78 568,600 .13 178
231 244 15,080 .04 NS
236 250 14,805 04 .04
205 830 2,505 .0 10
95 M1 16,187 N 02
60 a8 ,159 .01 Rl
66 79 4,713 0L 01
66 118 7,834 02 .02
140 489 28, 966 K4 i
139 202 17,385 i .06
122 242 14, 880 R 4
207 280 13,656 04 .04
233 442 27,147 Nid 8
80 259 188,427 Nt .54

a Obtained by taking proportional part of discharge of 8alt River gt Arvizona dam.
B Approximate, from minimum discharge recorded for same months in 1900. .
¢ O'Eta.inad b{l’naking proportional part of discharge of Salt River at Arizona dam. Using Mr.

Trotits computations,
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DAVIS.] VERDE RIVER AT M DOWELL. 15
Bstimated monthly discharge of Verde River at MeDowell—Continued.
Discharge in second-feet. Run-off.
Month. Tc‘vtai in | Becond-
Maximum.| Miniroum,| Mean, | 2cve-fest. i?;g;ﬁf I?g};%lésm
mile,

83,000 527 4,057 248,225 i N
&, 800 583 1,668 93, ™47 .28 .28
8,400 1,887 8,72 228,734 82 Nt
2, 800 260 750 44 628 .13 14

428 187 a5 15, 864, 04 .04
180 129 153 9,104 08 .03
N6 116 145 8,918 A2 02
1,426 185 22,004 .08 Ki/g
348 141 176 10,478 .03 A3
8,912 1w 415 29, 207 08 R
1,800 241 468 27,550 .08 69
2 s 391 24,042 AT .08
33, 000 1 1,061 162,564 18 2.86
b7 314 524 19,923 05 R
ahe 208 154 8 452 .08 .63
388 ] 276 16,071 B .08
sy 206 200 13,000 4 04
26 188 1 16,576 03 .03
137 i 1y 8, 062 02 02
3,380 98 584 53,127 14 .16
5,328 e 849 b2, 218 .18 21
4,406 Pt 557 33,182 08 0T
680 301 452 27,883 R 08
47 334 402 29,306 i .06
4 326 a2 21,6844 04 ;)
5,823 98 402 203, 620 .08 .85
Januaryb 15,687 ng 2,188 181,474 ) Al
Fobr 2,245 487 g L 484 N .18
4,018 108 1,504 92,492 25 20
2,700 310 1,189 10,774 .20 .23
4460 170 208 , 540 045 052
185 120 150 8,020 025 088
280 90 130 7,008 022 .025
1,690 110 439 26,963 Ry . 084,
5, 000 240 2 59,088 185 184
M0 260 300 19,008 L051 658
2685 260 262 15,500 R 49
280 20 267 16,417 045 052

10,687 90 710 513,705 .12 1.6t

1,680 120 253 15,5656 K M

800 200 496 , 548 i) 09
L6885 0 639 59,201 il it
o 180 319 18,9682 i) .06
A0 i 184 11,814 08 .08
160 130 130 271 ] 08
1,800 15 323 19,861 .05 .06
1,730 185 Nt i .08
 38f} 185 ; 2,112 ] R
180 180 169 10,361 .08 03
230 166 186 603 03 03
440 308 18, 631 Nt Rl
1,800 115 23| 228,158 .05 70
205 B0l am| .08 N

i 205 344 19,105 Kii N

3] 2256 15,887 .04 R
250 170 3 . 12,198 .03 .03
210 118 152 9,346 .03 .02
250 118 152 9,045 .03 03
1,400 118 28,443 .06 Riil
2,110 100 434 26,688 N 08
2,550 135 3BT 21,243 .08 AT
3,770 180 33,767 . .06 ]
250 45 203 13,240 .08 08
364 228 208 13, Rl 08
8,710 100 305 217,014 M) .68
Mr,

e Obtpined b{utakmg proportional part of dzsfharge of Sali River ot Arvizopa dam, Using

Trott's computations,

tComputations made from Mr, Trott’s igures,
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Estimated monthly discharge of Verde River at MeDowell—Continued.

Discharge in second-feef, Run-off.
Month. Totalin | Second-
s . acre-feet. | feet per |Depth in
Maxivaum. Minimuom. Mean. square | inches.
mile.
185 179 189 11,421 .3 .03
21 184 199 11, .03 .83
187 160 9,882 .08 .03
1% 74 88 5,218 Ruj 01
160 a1 B, 0% .02
15 36 B2 3,166 L0 .01
105 86 52 3,176 K7l K%
555 151 g, Ri 0%
B 92 15 7,198 A2 .62
Qabober .. 408 107 188 11,282 08 08
November .. ivwnrene e 2,460 1631 430 25,617 Nit 08
Decemloer - oo i 22 205 224 18,76 N K"
2,400 86 161 116,678 025 .38
1,58% 259 351 21,570 N ] Kid
6,618 594 1,858 | . 303, 246 .80 1
2, 211 86 L 018 .18 I7
165 184 10, .83 .03
185 125 159 8, R .02
154 50 104 6,202 A2 .02
1,456 20 210 12,916 .04 04
1,785 163 627 2, 1 13
bvp] 93 5,514 .01 i
p - 405 82 134 £,210 .02 02
NOTODLDOL w o ac e eremcanieaen 330 187 245 14,571 N 04
Decomber oo 24 247 £68 16,485 L0 04
The FeaT ..o aa 6,613 20 426 301,916 Ki .90
102,
Japuary. ... 262 197 224 13,785 K1} N
Febraary -.. 248 o8 238 8,297 4 i

a No obssrvations made during 1960 by United States Geological Burvey. Cemputations made
from Mr. Trott's figures,
b Qomputations made from observations taken by United States Gecloglical Burvey.

Two storage reservoirs have been proposed upon Verde River. The
Horseshoe reservoir, which is deseribed in Water-Supply and Irriga-
tion Paper No. 2, page 62, is situated about 30 miles above old Camp
McDowell, near the mouth of Limestone Creek. An outlet tunnel
has been cut and a portion of the canal has been built, but work has
been suspended for several years. The capacity of this reservoir
would be about 200,000 acre-feet.

McDOWELL RESERVOIR.

This reservoir site is situated above Mount MeDowell, near the
mouth of the Verde, and includes the site of old Camp McDowell.
The dam site is about 2 miles above the mouth of the Verde. This
reservoir site was suggested and partly surveyed by Mr. Frauk P.
Trott, the water commissioner of Salt River Valley.

BORINGS.

Early in January, 1901, field work was begun by the Geological
Survey, and an examination of the McDowell reservoir site on Verde
River was made. Two pipe-driving machines and a diamond drill
were taken to the ground, and borings were begun to determine the
position and character of bed rock at the site of the proposed dam, Mx,
W. F. Jones, of Des Moines, Iowa, being employed as driil foreman.
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DAVIE.] M DOWELL RESERVOIR. 17

Mr. C. R. Olberg was intrusted with the construction of a map of
the reservoir site in 10-foot contours, on a seale of 1,000 feet to an
inch, and a detailed map of the dam site was made on a scale of 100
feet to an inch. The field work was under the general dirvection of
Mr. F. P. Trott, whose duties as water commissioner, however, pre-
vented his continued presence on the ground, so that the immediate
charge was assigned to Mr. E. G. Hamilton.

The borings began by attempting a straight row of holes along the
axis'of thé dam propesed by Mr. Trott. The eonditions were found
to be very difficult. At a depth of about 30 feet a bed of very hard
cemented gravel was encountered, into which it was impossible to
drive the pipe, except with the assistance of blasting, but which was
not sufficiently coherent to be classed as solid rock.

The work was also hampered by the fluctuation of the river, the
floods threatening several times to wreek or sweep away the
machinery.

e

//%“”)‘“// e

Frg. 1—-Plan of borings at MeDowell dam site.

By February 26 it had been demonstrated that it was at least more
than 70 feet to bed rock in hole No. 6 on the main axis of the proposed
dam, and the work being hampered here by fluctuating water, Mr.

~Trott determined to try along an alternate loeation, shown in fig. 1,
farther upstream, and both machines were set to work there on holes
Nos. 21 and 25. The former was soon completed, showing a depth to
rock of 21 feet. The machine was removed to the site of No. 28.
Work was pushed on 25 and 28 until the former reached a depth of
90 feet without striking rock. This was considered a prohibitory
depth for this loeation and the machinery was returned to the first
location to eontinue the exploration of the main line. This was com-
pleted on April 20,

The location of the borings on both lines is shown in fig. 1. The
depths of borings are shown in the table following.

IRR 73 02—
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Borings at MeDowell dam site.
Distance| pantn
from N Total |  Character of bed
Hole number. bench tl?ockﬁ depth. TOCK.
mark. )
Feet, | Feet, | Feet,
1 % 2% 22 | Granite.
. 38 | Rotten granite.
49 | Broken granite.
92 Do.
ig {%mx&ite. it
AT anite.
65 Broke‘lergga%te.
26 t Granite.
#} | Nobed rock reached,
50 Do.

SAPACITY,

Capacity of MeDowell reservoir,

E%pva.-

ion :

owes : 3 capacity.
foqnds- section, | CHPACIEY
ton.

Feet, Acres, | Acrve-feel, | dore-feel.
00 14 10 70

110 91 525 595
120 a31 2,110 2,705
130 17 5,240 7,946
140 1,073 8,9 18,895
150 1,661 13,870 3
160 2,202 19, 7 50, 330
170 8,184 27,1 77,460
180 4,084 25,840 113,500
1% 4,990 45,120 158,
200 6,020 85, 218,470
210 7,213 86,165 9,
220 T S e

PLANS FOR THE DAM.

The map of the reservoir site was made on a scale of 1,000 feet to
an ineh, with a contour interval of 10 feet. A roduced outline of it is
given in PL IV. The map of the dam site was made on a scale of 100
feet to an inch, with a contour interval of 5 feet. A reduction is shown
in PL VIL

The capacity of the reservoir is very large, so far as it goes, but the
practicable height of dam is limited by the height of the east abut-
ment. The total excavation to bed rock is large, and much of the
material to be excavated is hard. At a depth of 30 feet, more or less,
the river gravel is underlain down to bed rock by a very hard cemented
mixture of sand and gravel, which would be very expensive to exca-
vate in case & masonry dam was construected, but is sufficiently firm
to serve as foundation for a rock-fill structurs. The cost of & masonry
dam would be prohibitory. Themoderate height, the greatlen gth, and
the abundance and convenience of suitable rock are all additional
arguments in favor of the rock-fill type, and it is without doubt the
most suitable. The most unfavorable feature of the whole project is
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the character of the east abutment at the dam site. The granite bed
rock appears on the surface on the east side of the river, but seems to
enter the hill on a nearly horizontal grade. 'The hill above the granite,
which constitutes the upper 90 feet of the abutment, is composed of
an indurated mixture of coarse sand and gravel of the same character
as the foundation described above, too hard fo excavate with a piek,
but not to be classified as roek, and inclined to disintegrate upon expo-
sure to the air. It is probable that under high head, water might per-
colate through this material to some extent, at least where the abut-
ment is thinnest; and to insure against this a eoncrete core is to be
carried into the hill a distance of about 300 yards, where the hill
becomes over 1,000 feet thick. Suppesing this core to be 6 feet in
thickness, the excavation and masonry wounld cost about $600 per run-
ning yard, and hence would add $180,000 to the cost of the construc-
tion. The bond between the concrete core and the adjacent natural
deposit should be made as thorough as possible by filling the joint
with Portland cement concrete, well ramimed in place, so. that there
can be no creeping of water along the wall. With proper precautions
it is believed that a dam of the proposed height, 120 feet, could be
safely built and maintained.

At the site of the dam the river bed is composed of ordinary sand
and gravel to a depth of about 30 feet, when the compact cemented
gravel is encountered. The depth fo bed rock is about 90 feet at the

deepest point. It is proposed to carry a conecrete wall down to hed

rock across the canyon, at the upstream toe of the dam. This wall
will be 85 feet thick at the base on bed rock and diminish to 15 feet
at the top. Downstream from this wall the river sand and gravel will
be excavated down to the cemented material above mentioned, and
upon this will be founded the main dam, which is to be of the rock-fill
{ype, the upstream face to be on a slope of 1in 2, and the downstream
slope 8 in 2, with a top width of 20 feet. The rock will be obtained
from the mountain of granite that rises abruptly from the west abut-
ment. The rock can be transported down grade on a cable way, and
dropped onthe dam in large blocks, from a econgiderable height, which
will serve to ram it solidly in place, and it is baelieved very little set-
tlement will occur. On the upstream face is to be a wall of rubble
masonry resting on the conerete wall that goes down to bed rock. The
masonry will have a thickness of 20 feet at the bottom, diminishing to
5 feet at the top. Against its downstream side will be built the mass
of dry rock fill; on the water face, which will have a slope of 1 in 2,
will be placed, at intervals of 20 feet, a series of 7-inch steel I-beams,
each extending from the bottom to the top of the dam. To these
beams will be fastened a floor of one-fourth inch steel plates, dipped
in asphalt and riveted together to form a water-tight skin over the
entire water slope of the dam. The space betwcen the steel plates
and the masonry will be filled with concrete tighily rammed. The

N ke ek e mume
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20 WATER STORAGE ON SALY RIVER, ARIZONA. [vo.18.

concrete and rubble walls will unite at the ends with the concrete
core, whieh is to be carried into the east abutment, as above described.

The outlet will be through a tunnel of concrete built through the
dam along the bed of the river, provided with Stoney gates, similar in
construction and mechanism to those for the Salt River reservoir,
illustrated in P1. XXTII. All water will be drawn from the bottom of
the reservoir, and whenever the spillway begins to discharge, the gates
will be opened to full capacity for the purpose of discharging the
maximum quantity of silt and of reenforcing the spillway.

For diverting the river during construction a temporary diversion
dam could be placed across the river about 4,000 feet above the dam
site, and the water diverted into a large flume and carried along the
east side of the river over the portion of the foundation where granite
bed rock appears on the surface. The underflow can probably be
sufficiently ehecked by driving sheet piling down to the bed of indu-
rated gravel, with whieh the valley is underlain at a depth of about 30
feet, After the dam becomes too high to use this flume the discharge
will be through the outlet tunnel. The flume should be removed
early in the spring, at the beginning of the low-water season, and
construction pushed rapidly, so as to have a large storage and dis-
charge capacity ready for the first flood.

SPILIL/WAY PROVISIONS.

The greatest flood that ever oceurred in Salt River Valley since its
settlement oceurred in February, 1891. 1t is described in the Twelfth
Annual Report? of the Geological Survey, as follows:

On February 17 the mean discharge was 835 second-feet, increasing the next
day to 154,000 second-feet, and on the 19th to 276,000, This first flood diminished
rapidly, averaging on the 20th only 69,100, and on the 22d 14,800. This was fol-
lowed by a second swell greater than the first, the flood increasing uniil, on the
24th, a maximum of 300,000 second-feet was reached. This subsided almost asg

rapidly as it came, so that by the second day after the river was carrying less
than 15,000 second-feet.

The drainage area from which this flood was drawn was consid-
erably more than double that above the MeDowell reservoir. A
smaller drainage basin is, however, liable to a relatively higher flood
diseharge than a larger one, though the floods are of shorter duration.
It iv therefore estimated that the basin under consideration may dis-
charge a flood having a maximum volume of 200,000 cubic feet per
seeond, or two-thirds that of 1891 at Phoenix. On the above assump-
tions a maximum flood has been hypothecated and the behavior of the
regervoir under the circumstances investigated. It is assumed that
the reservoir is full up to the bettom of the spillway, and that a great
flood discharges 100,000 cubic feet per second on an average for one
hour, and increases its discharge 10,000 cubic feet per second during

« Twelfth Ann. Rept. U. 8. Geol, Survey, Part IL, p. 818,
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each hour for eleven hours, at the end of which time it has reached
its maximum wave of 200,000 eubic feet per second. The discharge
then decreases in an arithmetical progression for twenty hours at the
rate of 5,000 second-feet per hour, reaching & discharge of 100,000
second-feet as a mean for the thirty-first hour. The spillway, as
planned, has a total length of 900 feet, and its bottom is 15 feet below
the top of the dam. Its discharge capacity is computed from -the
formula Q==H? 3150. Assuming that the gates will be opened to
their full capacity when the spillway begins to discharge, the effect
on the reservoir of the hypothetical flood is shown in the following

table:
Effect of maximum flood in MeDowell reservoir with spillway 900 feet long.
[Q=0%8150.]
Inflow. Outflow.
Eleva-
Hour. 5 Netrige,
econed- Second- tion.
Toot, Acre-feet. Tout, Acre-feet,
Feet.

106,000 8,280 6,289 518 31.29 201, 20
110,000 3,000 13,147 1,085 1.28 02, 67
120,000 9,920 22,759 1,879 126 28,58
130,000 10,740 84,178 2,802 1.2l 205, 04
140,000 11,570 46, 688 8,857 L5 206,19
150,000 3 59, 858 4,944 109 207,88
160,000 13,220 13,871 6,060 103 208.31
170,000 \ a6, D96 7,185 N 200,28
180,000 14,870 Q0, 552 8,267 .0l 210.19
190,000 15, 690 118,508 9,375 .88 2105
200,000 8, 520 127, 10,494 LBl 211.80
185,000 18,110 139,676 11,455 B2 213,48
190,000 y 147, 12107 N 212.64
186, 000 , 200 154,802 12,7152 g 218.27
180,000 14, 8 159,128 18,344 .22 213,47
140,000 14, 460 141,598 13,812 14 #18.61
70,000 4,040 163,721 13, A7 2iB.68
165,000 13,630 164, 13,678 00 213.68
B3, 000 13,220 164,000 183, — 04 218,64
155,000 12,800 162,507 13, — 08 213
150,000 , 390 161,784 13,361 - .18 213.48
145,000 11,980 158,858 13, -~ 16 218,
140,600 11,570 155, 687 12,8561 — 1 213,11
185, 11, 150 152, 50 12,958 - .19 212,

, 600 10,740 149,136 15,818 — .24 212,71
125,000 10,330 145,484 12,016 — 22 212.49
120,000 9,920 141,640 11,689 — 2% 212.25
115,000 9, 500 137,602 11, 365 - .25 00
116, 000 9,090 138, 297 11,108 — .28 74

, 00 8,680 120,165 10,664 — B 2LE.47
160,600 8,260 L 739 10,503 - 28 .19

........................ 18%.976 15,628 . . 215.00
CORT.

The following estimate is based upon the data at hand and worked
ap April 12, 1902, and is subject to modification:

Estimate of the eost of the MeDowell reservoir, on Verde River, with capacity of
186,000 aere-feet.

745,876 cabie yards rock fill, at 80 cents a yard. .. ... ... §596, 700
78,185 cubic yards dry-laid rubble, at §Za yard ... ool 156, 310
7,865 feet, or 117,975 pounds, I beatns, at Teentsapound . __.._.______ 8, 258

140, 480 square feob quarter-inch plates, or 1,484,886 pounds, at 7 cents
BPOUNA o e e s 100, 445
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Hizcavation, 58,667 cuble yards cemented gravel, at §la yard .. ... $58, 667
Tixcavation, 125,000 cabic yards sand, at 20 centsa yard .. ... ... 25, 000
§,210 cubic yards of concrete, under steel apron, at $10 & yard_ ... ... 52, 100
18,792 cubic yards of concrete in toe wall, at §10a yard.. ... ... ... 187,926
Diversion 0f TIVeT - o o o e 10, 000
Outlet, gates, bower, ebo _ . . . e 20, 000
Concrete core wall to be carried into east abutment ... .. .. ... 180, 000
Engineering and contingencies, 15 percenb. ... .o ool 209, 331
R OF WY - oo oottt v i n e ek e 20, 000

1, 824, 781

Cost per acre-foot capacity, $8.74
WATHER STORAGE ON SALT RIVER.
CHARACTER OF DRAINAGE BASIN.

Salt River, though nominally a tributary of the Gila, really brings
far more water to their junetion than does the Gila. Though it drains
a smaller area, its basin is mueh higher and cooler and receives an
average preeipitation far beyond that of the Gila Basin.

The drainage basin of Salt River and its divisions is about as

follows:
Area of drainage basin of Salt River.
Square miles,

Salt River at 18 mombh o e e di e sa e 12, 700
Salt River at Arizona dam e e aaa i wman e 12, 260
Verde River near its month_ ... o e i inrm———a e 8,000
Salt River above mouth of Verde_ ... oo i ciiaimmrmm e e nema 6,260
Salt River at darn site below Tonfo Creek .. it b, 756
Salt River between mouth of Verde and Fonto dam site. . ... . ... 504

The elevation at the mouth is about 1,000 feet, while some of the
peaks at its headwaters exceed 10,000 feet in altitude, the highest,
Thomas Peak, being given as 11,496 feet.

Rather peculiar conditions exist in Salt River Basin, which favor a
large water supply relative to its drainage area. In a previous pub-
Heation the writer has deseribed these conditions, as foilows:?

*he southern portion of the Territory may be again subdivided into two portions,
that draining directly into the Colorado and lying to the westward of Prescott,
#nd the greater portion to the south and east, which forms the great Gila River
systere. The Colorado plateaun is partly of igneous origin, and a great portion of
it i sgomewhat pervious to water. Its novthern slope for a considerable distance
from the stimmit is very gentle, and though the precipitation is greater than in
most portions of the Territory, it is very meagerly marked by drainage lines and
almost desfitute of water. Sharply contrasted with these facts are the conditions
on the southern slope. Here, through most of its course, the platean drops off with
a very steep slope, which iz deeply cut with drainage lines in which are living
creeks and rivulets of clear, beautiful water, such as San Francisco River, Black
Creek, Bonito Oreek, White River, Carrizo Creek, Cibicu Creek, Box Oreek, Cherry
Creek, Tonto Creek, Wild Rye Creek, East Verde River, Pine Creek, Fossil Creek,
Clear Creck, Beaver Creek, ete.

afrpigation near Phoenix, Ariz.: Water-Supply and Irrigation Paper, U. 8. Geol. Burvey, No.
2, p. 16.
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The region of high altitude, as before remarked, lies largely north of the divide,
while the great bulk of the water flowing from the plateau, as proved both by
erosion of drainage lines and by the volume of permanent gtreams, flows away to
the south. 'The explanation of this is partly the porosity of the strata composing
the plateau, which allows the water to gink instead of flowing off the surface.
Once underground, its egress to the south is favored by the shorter distance
which it ‘must percolate on agiven grade before reaching a surface, due to the
more abrupt slope. ’

Another partial explanation is found in the meteorological condition, The mois-
ture of this region is brought from the Pacific Ocean and the Guif of California
by the prevailing southwest wind, Ags this wind ascends the elevations toward
the Colorado Platean its temperature is lowered, which reduces its ecapacity for
holding moisture and increases its relative humidity. When this quantity reaches
100 per cent in any part, precipitation occurs, This influence continues until the
wind passes the summit, where the process is reversed.

Ag might be espected, therefore, the hydrographic resources of the country
immediately southwest of the Colorado Platean are disproportionately great when
compared with those to the northward. For instance, the precipitation at Fort
Apache, as shown by a mean of twenty years’ observations, is 18.75 inches, the
elevation being 5,050 feet, while the precipitation at Holbrook, at an elevation of
5,047 feet, on the northern slope, is 8.47 inches, as indicated by the mean of ten
yoars’ observations. Thisisan hinportant fact, eupecially when taken in connection
with the fact that the great areas of valley land with a semnitropic climate lie in
the southwestern portion of the Territory, and are easily covered by the streams
which are formed by the conditions above described, and which constitute the
ynain features of the great Gila River system.

The topography of the basin of Salt River proper above the mouth
of the Verde is nearly all of a rough, mountainous character. The
chief tributary above this point is Tonto Creek, and about half a mile
below this stream Salt River enfers a profound canyon, with precip-
itous sides and narrow bottom, in which is located the proposed dam
site. The Salt and Tonto both occupy comparatively open valieys
above this gorge and have a moderate fall. The combined effect is
one of the most capacious reservoir sites in the West. The dam might
be built to a height of 300 feet or move, if such a height were justified
by the water supply.

WATER SUPPLY.

The only available rainfall observations in the basin tributary to
the proposed reservoir are those at Payson and Camp Apache. The
record at Payson is so short and broken that it is of no real value in
the diseussion of the water supply, so only that of Camp Apache
remains. Fortunately this station is located near the center of the
basin, and the record is reliable and complete from 1876 te date—about
twenty-six years. Thisaffords excellent means of obtaining monthly
and anpual maxima, minima, and means at this point, whieh, so far
as known, may be assumed to represent an average of the entire
basin as nearly as any one point that might be selected.
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Precipitation, in inches, at Camp Apache.

Year. Jam. | Peb. [ Mar. | Apr. | May. [June. July.| Aug. | Sept. Oct, | Nov Dec nAuIa,li
0.92 1172 [2.0210.08]0.2611.02 5201252200 244|1.84]0.22 1974
B8 By T3l 081115 00181131201 994 .81 19207, 1250
8 TLE 241 1LY 18 Y8 86 | 9.33( (T6] 00 |1.04|1.04] emel
Leo 1117 03! 12| 00, .05/892 (306 1521284 1771 2.41 18.58

GLBLL L9 80 481 00 48156831144 B51 58| .08 238 LW
.20 (3171245 | 1.88) 35| T, 1568 8.81:5.41 14687 851 54| 38112
2.8 28501091 gl) 9418271479 786102 T, {2341 23| .62
L8248 1203 92| 861 02[5.46 (428 60|13 02548 265
L8183 1444 11671181 [ 288 (145505 1.50 | 202 (82{B52| 2647
SE1LO012.05 1 52 | L12| .82/ 260816 .44 .88 1561141 15,58
8.0 (2% 11.061 91{ 00| .10 1100 }4.75! 896 {1.66] B8] .24 | 2108
e ads] od) a1 13 )1L701320189212.23) BB LB 57| irm
L liggamt 11 7§ T, |82 [(L003 .82 193263258 18.89
2.2¢1 8811861 471 00) .111247 287, 1.02| .46 .55 398 17.10
2.26 [2.40; .82 11,891 00| .00 |500 44428712307 2851808 26.72
Les 410 8 T | .88 T, {372 |123 1.8 .00f .00) .65| 1338
-6 lamlemie| A8 15(18 1% 1m: Bl 51| e 1
4 BILI0 2450 06238 00287 (348 260 047 .o (10| 158
Slet i1 a8l o 00iL2r |50l |32 iadr| 0|28 | 742
Lest v2y 02| T 1100 .0 .74 |54t |16 502 em0ilin] 188
el sy el B 00 B2 (4Bl i4ae el zdel i) 1609
2.23 1140 [1.70; .24 | 341 .97 | L2010V |84 (180 00! 87 e
276115031.08; .50 :2.70;260[433:8588( A3 .00] 57| (%0 3055
183 1104 17¢ 457 001 L9 (465 .96 1821 82| 71 |1.60] 150
801 LR85 0750 16| 00| B2l1s 2| T7]4.86 ] . 14.14
2.87 2601120 .20 {1.16] .00 (398 1.45) (465|222 (65180, 16w

Measurements of the flow near the dam site below Tonfo Creek
were begun in February, 1901, and are still continued. Besides these
there are records of flow of Salt River above the mouth of the Verde
from April, 1897, to November 30, 1899, and of Salt River below the
Verde for several previous years and for 1900. The measurements
below the Verde are made in the various irrigation canals. When
there was a surplus of water, there was no necessity for accurate
measurements, and at such times the results are only approximate.
They are, however, for a considerable period the only available rec-
ords, and are considered sufficiently accurate to justify their use.
To render available the latter records in estimating the water sup-
ply to the proposed reservoir, it is necessary to determine the pro-
portion of water received from the Verde and Salt. For this purpose
the records are taken where these ‘two streams were separately
observed, and the ratio of each stream to their sum is computed month
by month, with results as given below:

Proportion of total flow of Salt and Verde rivers discharged by Salt River.

Month. 1897, 1898, 1899, 1801, Mean.
Per cent.| Per cent.| Per cent.| Per cent.
dOOURTY - e 0.587 0.5620 0.616 0.574
Fabruary ... : ) JHL . 639 Hb
N .T40 855 Ny
719 862 838 808
647 590 728 Rive]
513 iy R Ni]
508 19 425 516
518 469 657 515
494 & 42
522 AL 802
N1 R (L
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The values thus obtained cover the periods from August 1, 1888,
to December 31, 1894, and from December 1, 1899, to December 31,
1900. Obgervations of the discharge of Salt River above the Verde
were taken direct from February 4, 1895, to July 31, 1896. During this
period direct observations were made by the Hudson Reservoir Com-
pany, and from April 20, 1897, to November 30, 1899, by the Geolog-
ical Survey. The discharge from February 27 to December 31, 1901,
was observed at the reservoir site and requires no reduction.

The storage of flood waters on Salt River will not only utilize such
waters by holding them wuntil needed, but will greatly increase the
utility of the floods of the Verde River by providing a much larger
irrigated area to receive such foods, and at the same time holding
back the waters of the Salt as long as the Verde is able to fill the
requirements. An examination of the records shows that with such
manipulation the Verde will usnally supply all requirements during
the four months of December, January, February, and March, and
that a very large proportion of the flood waters of the Verde which
now run to waste would be thus utilized.

The record since 1888 is taken in connection with the proposed res-
ervoir and 660,000 acre-feet annual consumpiion, and from thisa
table has heen constructed, showing what would take place if the
past experience should be repeated after the construction of the
reservoir.

s 180000, TEBS 1890 189 18%% 1282 1894 1eap 4806 1897 1858 1859 1800 1981 raog
i i ¥
v R : !
H N
1,600,000/ H 1|
i

L

ir !

300,000 "1 ,': 5 b3
i i

i

i

Wi PAPACITY OF RESERYOIR
woogeol T I A

T I P,
1 A A
ABA )
- Ul S C

844,000 |ACRE| FEET

N N n
A
1] L

I
6. 8—Fluctustions of 8alt River reservoir, operated in connection with Ve;l‘de River, under
& duby of 660,000 acre-feet per annum.

The drainage area between the reservoir and the mouth of the Verde
18 nearly 10 per cent of the whole area above the Verde, and there-
fore to reduce the discharge of the Salt to that intercepied at the
reservoir, the discharge at the mouth of the Verde was reduced by
about 10 per cent, this percentage being slightly modified according
to the seagon. From these data and eomputations the tables of dis-
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charges for the Verde, at McDowell, and Salt River at the reservoir
site, were obtained. In reducing the discharge of Arizona dam to the
required amounts, the following percentages ]vere used:

Bstimated monthly discharge at MeDowell and Salt River reservoir sites, in per-
centage of total at Arizona dam.

erde nlt a erde Y
Verd Salt at Verd Baltat
Month. at Mc- reservoir Month. at Me- |reservoir
Dowell, E aite. Dowell. | gite,
i
January 0.42 052 || AUMBUSE oo oo i 0.49 0.46
Fobruary .45 .50 [| September - 48 .46
Maveh. .. .3 .56 ober .. - .5 44
April.... .20 .21 November__.....c...- .50 .45
Hay oo ég gg Decemnber .o nsissas wrnann .50 45
L2 11 . .
¥ s ant e e . . 25 SO . .
Jul 42 52 M 40 54
i
Estimated monthly discharge of Salt River al reservoir site.
rainage area, 5,756 square miles.
Diral 5,756 il
k THscharge in second-fest. Run-off.
! Total in ! Second-
Month.
Maximum,| Minimum, Mean, | ACTe-foct.  foetper| Depth
mile
161 9,902 .08 .03
161 9,580 .03 .03
146 8,987 02 .02
879 22,646 .08 it
8,0l | 185,367 .52 .58
__________ 238,851 1o
2,002 190,185 B¢ .62
1,308 72,2680 .28 .24
4,80 801,178 .85 .98
2,862 130,289 .50 B8
T90 , 502 14 A6
290 ira8 .05 08
257 15,871 .04 .05
192 11,797 N .03
240 14,260 N K\
194 11,906 .08 03
£250 15,429 . 04
2,581 157,850 A4 .8l
1,420 | 1,028,737 .M 3.3%
T890. « .
R 8,190 716 2,551 159,824 A5 52
71,644 523 5,049 280,192 N .92
0,648 1,487 3,506 221,150 .62 N
1,405 926 1,325 78,886 .25 .26
_____ 1,040 478 665 42,720 12 .13
_____ 493 250 a2 19,155 .68 W07
......... 453 208 202 16, 768 Ri3 .08
8,548 #12 1,787 , 08 .81 .88
1,605 F34 1,01 &4 018 20 .
e e 3,285 331 1,28 0, 502 i .24
November ... _.._._.... e 18,21 M 2,123 125,297 k1 .41
Decembor e iiiaua 13,665 A0 2,817 178,218 .40 v B
THO FEBY - e v eas 71,644 26 1,006 | 1,502,065 .33 4.46
JERUATY v - cm e vvmmn e mens 2,906 551 1,77 109,254 ! .88
Pebraary... 150, 000 418 19,4068 | 1,077,834 8.8 3.47
March ... 4,968 h3 2,768 170, 204 .48 .65
i&[p H 2,182 1,654 1,002 114, 890 .88 R/
AF ceonnnnnn 3,243 1L Ussdé: 16 .52 .87
June. ..._..... 1,132 58Y 842 , 083 .1b LT
July e B2 312 388 23,884 Nii¢ .08
August oo eieaans 346 238 281 16,066 04 .05
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Discharge in second-feet. Bun-off,
Total in | Second-
Month. s
© Maximum|Minimum.| Mean, | #¢T¢-Feet. fg’g&g’fg %;gﬁ%f
mile.
189%.a
Septomber . .vuee c oo e 405 220 378 22,500 NI 08
Ootober ... oo 23 203 2 13,883 NI .05
November ...oo.ocvuone 233 200 13,710 04 K13
December. . .ooov e ee 3811 264 255 14,151 .05 .06
The year 203 2,520 ¢ 1,738,700 44 5,65
[LE:S £h31:5 . NSO 318 352 21,614 00 07
February?d ... . 204 221 12,274 s 04
Marchoé. 208 14,118 4 R
Aprilb. . 268 315 18, %65 .05 .06
ayb. . ... 185 i) 2, 08 Rig
Juneb . 76 110 6,523 .02 02
duly ... 108 186 11,608 .03 08
AUZGSS v 62 186 11,427 .03 i
September ... 150 157 9, 08 03
October ovveeevice s . i 196 12,068 .03 .08
November._.. 203 231 s 138 .04 04
December ... 236 14,0578 04 .05
The year ... ... 6 234 168,499 04 51
ey
LR 013 % 286 | 17,585 06 .06
Februaky 25 747 41,458 NES .13
151 S 831 784 415,523 .34 1.54
April .. ... 043 €2, 009 18 .2
BY e 51 602 81,010 A4 .16
UG s cn e e miea e 143 N 02 02
JUbY ol 145 279 17,138 N .06
Avgust.______. 219 758 y RE 15
September . 212 308 20,218 i A0
October .. 242 331 20, 345 05 .08
Novemher 286 15,858 i R
Decembor 281 283 17,404 .05 .06
Theyear . ......._..... 93 1,08 789,423 18 2.58
BT I1EER o 32T 286 b1 18,600 06 .08
Fobruary . 283 288 15,99 05 85
Mareh. ... ... wa— 430 294 80 44,761 18 .16
April oo . 368 22 610 30,618 10 Nl
Ay ... van 24 271 16,635 05 .08
[ & 1 139 186 9,897 08 .03
July ... 82 148 X NI
Aungnugt .. 131 412 25, 847 o .08
Se%tember 133 280 16,642 13 .68
Odtober .. 107 ] 13,004 .05
November 186 207 , 200 03 .03
cember 209 297 , G1 08
The year 82 238 245,453 04 i8
Japuery ¢ 46, 306 744 5,590 531,958 .93 1.07
Febtruarye .. .. . ...o... . A 368 1,318 76,239 3 .25
Marche. ... ... ______.. 3,178 1,258 1,738 106,838 30 .85
Aprite ... 2,704 961 171 106, 144 .80 .83
By . .- . 040 480 8713 1,356 12 4
Junee .. £15 198 18,372 05 i
Jalyd. .. 358 1% 160 9,816 .03 03
Augustda. 1,682 200 2.1 .08 .09 -
September 499 166 242 14,425 N N
Octoberd. . _ 7,194 219 857 52,875 .15 a7
Novemberd.______..__ . 3,004 309 764 45 467 A3 .15
Decemberd. . iaiiririan.. 965 430 603 87,104 1] 12
Theyear ..o 46, 806 ) 120 1,188 865, 962 20 2,80

DAVIS.] WATER SUPPLY. 27

Estimated monthly discharge of Salt River at reservoir site—Continued.

e Ohtained b ta.khé%yrofportional part of the discherge of Balt River at Arizona dam.

b Approxima%e_: filled in from minimum discharge recorded in same months for 1900,

¢Results obtained by t&kir{,g from the published discharge of Selt River at McDowell
(Bighteenth Ann. Rept., Pt. IV, p. 208) {hat perceniage of the whole that represents the dis-
charge of the Salt between the mouth of the Verde and fhe reservoir site. .

dResulis obtained by taking pro&ortmnal part of the discharge of Salt River at Arizona dam,
Mr. Trotts figures used in computation.
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Estimated monthly discharge of Sait River af reservoir site—Continued.

Disc];arge in ﬂecon&feet._ Run-off,
Total in | Second-
Month .
Maximum. | Minimum.| Mean. sore-feet, f&fﬁ,@ﬂ.‘? %ﬁgﬁ;?
mile,
£18 A4 97,497 .08 R
339 303 22,579 N o
28 844 BI, 925 .15 7
S B mE| e ok
50 %04 12,245 ] 108
11 e 47,98 18 15
250 797 46,017 J14 15
241 524 21,758 00 10
11
208 a7 19479 05 .05
1m 548 | 99,121 .08 1.26
B2 28471 162,70 46 .53
1 ?ﬁ’g 2.1 %3& '%g ¥
LRG| g mbmn a8
18 *358 2, 06 o7
78 175 10,173 03 03
g & ommowm s
. 1010 928 549 28,755 09 10
Novembear & 250 287 25 6,225 05 8
December & wo v e 292 251 270 16,500 05 06
18,422 ] Lisr| 835,917 .20 2.72
1,007 240 28 20,508 .06 0
i in|  om som| B W
L @ E Lm oom M
A TR AN B B
1,211 130 385 23, 658 .08 R4
588 106 3% 20,138 08 W
180 106 156 9,598 .03 .03
239 182 208 19,041 .08 K]
408 ] 300 18, 401 05 06
3,31 108 4041 291,064 o )
162 249 356 21,906 0B 7
461 332 388 V431 i 08
87 404 180 29, 499 .08 09
iz m oam| BEl Rl B
493 181 204 12,119 B ]
1,410 155 444 3D .08 0
205 168 1 V240 il .13
1998 105 208 7,87 1B .08
738 158 953 15,548 0% 05
215 17 203 12,040 03 03
203 142 195 12, 009 A3 ]
3,8% 142 S61 | 261,690 06 .80
242 29 234 4,368 04 .68
234 904 291 2974 i .04
i M oms| wm @ B
760 185 265 491, 108 R

o Mr. Protts's figures uged ip these computations. Results obieined by taking proportionsal

paris of the discharge of Salt River at Arizona dam.

b Results obtained by takiuﬁ from the discharge registered at McDowell that percentnge which

represents the discharge of t

4 Trotd's figures,
¢ Computations mede from My, ¥, P. Trott’s figures,

1 e river between MeDowell and the reservolr sife.
¢ Results obtained by taking from the discharge registered at_McDowell that
age that represents tho discharge of the river between MeDowell and reservoir

§art of pereont-
ta,
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Estimated monthly discharge of Salt River af reservoir site—Continued.

Discharge in second-feet. Rup-off.
 Totalin | Seconé-
Month. .
£ i acre-feet. | feet per | Depthin
Maximum.| Miniam, Mean. square | inches.
mile,
- S P T 157 i 1140 6,523 02 02
July vivenccome ez e 1t 45 \ .0l .01
August . ..oeeeo 521 63 142 8,711 N K1
September 290 88 118 8,808 2 A2
Qctober . ....eu- 359 5] 161 9, 902 03 08
November. ..--- 2,922 146 as7 2, 005 .06 N
Decembe? . ..co-en 246 184 202 12,89 .88 .08
The year 2,228 45 212 15%,594 035 47
JBIBTF F s voe v mwmemm mwwsm s 1,785 201 454 27, 345 .08 .08
February b .. _... 4,172 928 2,414 134,047 .42 A4
Marehd ... ... 3,408 740 1,423 87,472 25 .29
Aprilbo .- 1,662 620 1,050 62,442 .18 .20
ayb ... 1,287 462 735 5, 203 13 .15
Juneb___.. o 47 el 17,268 R .06
Julyd oo 3,556 kil 346 21,298 R Rist
Angustb 2,221 A 520 32,508 R 0
Se%tembm: | - 10 123 309 17,907 05 R0
Octoberd ___.ov..- 26 jay 152 9,534 .03 .03
Novemberb. ... 215 183 189 10,629 .03 N(:]
Decomberb. ... . 195 183 140 11,668 .08 .08
The FERL .voocemmeraemaem s 4,198 71 2 47,704 11 1.56
1902, .
JBBURTY - - oosammm e = e men 238 146 186 11,428 .03 0B
FeDIURTT «onrm e v mmcbun mreoe 20 184 194 10,852 .03 08

a Computations made from Mr. F. P. Troti’s fighres.
b Computations made from ohservasions by United States Geological Survey.

History of Salt River Reservoir, operated from 1889 Lo 1901, in connectionwith the
unreguloted Verde River, with annual use of 860,000 aore-feet. -

[Capacity of reservoir, 840,745 acre-feet. Annusl use, 660,000 acre-feet.]

§ Wl?éter Aresn
g Re- |Depth| ex- | Loss | Total
Jquired: Fur- h

42 bt unired| of osed § b evapuo- Balance
Month. |38 f{gggg m%hed vom avap- P eva?p— hion | Inflow. [in reser- gver-

O Q| BT arde, | Teser-| ova- | evep- | ora- | and voly, | 2OV

. | woir, i tion. | ora- | ton. | use.

& | other tion

3, use. .

1889, dcre-ft| dereft.deve-ft| Feet. |dereft|doreftiderefi] Aoreft.| deveft.
Japuary .| 6|39,00 | ween| o) 085 | eee! 1ms| 1,ms | 10018 (EIHOR
February-..| 7146, 6, 059 0 B4 8,6761 2,901 2,950 457, 806
March ____ . 8 | 52,800 | 200,747 0 .50 110,895 ¢ 5,448 | 5,448 513,586
April....oo.. 50,400 1 47,802 | 12,008 .58 112,861 ¢ 7,169 19,267

{17 11 72,800 | 12,141 | 80,459 .83 1 18,808 | 11,180 | 95,880
JUNG oo 11 | 72,600 8, 64,210 02 112,950 | 11,914 | 76,124
July.oooaaae 10| 66,000 | 12,810 | 53,181 | 1.00 | 12,408 | 12,403 | 65,584
August. ... 10 | 66,000 | 12,586 | 53,444 | 1.03 | 11,821 | 12,767 | 66,210
September. 50,400 1 14,880 | 44,520 L83 | 11,231 | 9,832 | 53,841
October..... 71 46,200 , 530 § 32,670 JBO L 10,796 1 5,808 1 88,008
November__| 6| 89,600 17,136 ; 22,464 L4211 10,506 1 4,450 ) 88,914
December .1 4 | 80,600 | 174,845 1] (83111.488 | 3,773 | 8,713 | 157,860 | V27,607 | .._....
1890,
Janeary ....| 688,600 ] 128, 0 .25
Tebruary...| 7| 46,200 | 252,172 0 .34
March ... 8 | 52,800 | 158, 0} .50
April..._ . 59,400 21, 37,5041 .58
&Y oo 11 | 72,600 | 10,680 61,920 | .83
June .o 11 | 72,600 4,121 ¢+ 63,479 .92
2315 2 10 | 66,000 585 | 52,485 1 1.00
Aungust____.. 10 | 66,600 | 117,074 0l 1.08 251
Septembeyr. 59, 400 , 802 V] .83 ¥
Oectober..... 746,200 1 80,116 L] .50 i 840, 745
November..| 6| 39,600 140,381 0 421 13,450 | 5,652 | 5,002 | 186,907 | 840,745 | 120,
December .. 61 33,6001 192,464 1] 83 118,450 | 4,440 | 4,440 ) 173,218 | 840,745 | 168,778



0000060 .83vu

30 WATER STORAGE ON SALT RIVER, ARIZONA. [x0.78.
History of Salt River Reservoir, operated from 1889 to 1901, ete.—Continued.
a | Water Aren
4 o gi?:e al Far Ee-d Do};th ax-ﬂ Lﬁ)ss Total Bala
Tt Aot B nired| © e ¥ | evapo- nee .
Montn, |5 8 forirrii nished “rom evap- P evap- ration | Inflow. fin' Teser. %v‘”'
¢ Bl gation . | reser-| ora- | evap- | ora- | and voir o,
and | Verde, voir. | tion, ora- | tion use '
g other - " tHon ) '
0, use. .

1891, Acre-fil dere-fi, LAcre-ft | Feel, {dere-ft Aere-fidcre-fti Aere<fé, | dere-ft.
January ... 6| 89, N 0 .35 113,460 ¢ 3,86 3,1 108,204 | 840,745
Pebruary ...1 7 200 1 970,051 4] 31| 18,450 1 4,876 | 4,576 |1,077,834 | 840,745

vt § 52,8005 118, (] 501 18,459 1 6,730 | 6,780 | 170,204 | 840,745

01 59,400 | 31,%6 | 21,628 | 58 | 13,450 | 7,806 | 35,481 | 114,890 | 840,745

11| 72,600 190 | 44,410 L83 1 18,450 | 10,290 | 56,580 | 112,761 | 840,745

11| 72,600 , 849 [ 48, 751 .02 | 18,450 | 12,882 | 61,183 | 55,083 | 428,605

10 | 66,000 1 19,201 | 46,709 . 1.00 | 13231 | 18,251 | 59,940 | 28, 783,635

10 66,0001 17,113 | 48,887 | 1.08 | 12,814 | 13,839 | 62,726 | 16,008 | 748,977

9| 59,400 1 23,478 | 85,922 L83 112,488 | 10,823 | 46,245 | 92 500 | 719,252

746,200 1 15,833 | 80,387 J50 112,138 | 6,009 | 96,436 | 13,998 | 696,729

November..; & 89,600 15,233 ; 24,867 A2 T840 1 4,973 1 20,840 1 13,710 | 681,008
December ..} 6| 59,600 ) 20,168 | 19,432 LB8 1,44 ) 3,875 | 28,807 1 14151 | 674,948

15492,

Japuary ___.¢ 6| 39,600 | 17,458 | 22,142 L3 11,098 | 2,025 125,007 ,61d | 871,490
February _..0 V| 46,2000 11 748 | 34, .34 131,526 3,918 372 [ 12,274 | 645,39
March ......] 6152500 7,087 | 45,713 50111161 | 5,575 1 51,288 | 14,118 | 608,222

1] @] 59,400 4,604 | 54,796 .5 884 1 6,197 | 60,992 X 5646, 005

Lt | 72,600 5,935 7 66,665 L83 110,188 | 8 452 | 68,218 s BT, 782
11| 72,600 3,588 | 69,012 .92 282 | 8,549 | 71,561 s 486, T44
0| 66,000 374§ 56, 106 | 8,518 ) 8,518 | 65,144 | 11,606 @ 383,200
10 66,000 12,172 158,828 | LG8 L7092 | 8,415 | 62,248 | 11,427 | 532,210
9 | 69,400 X 49,632 .88 7,608 3 55, 523 9,861 | 286,048 |
T 146,200 | 13,712 1 32,488 LBO 1 6,621 | 83101 85,798 | 12,066 | 262,816
November_.| 630,600 | 15,208 | 24,837 427 6,300 ¢ 2,646 | 26,983 | 13,788 | 249,000
December ..| 639,600 | 17,509 | 22,201 331 8,202 | 2,040 L, 837 | 14,578 | 289,310
1893,
99,600 | 4,204 @ 25 206 251 6,001 1,515 | 26,981 ¢ 17,685
46,200 § 25,508 1 20,608 .34 V133 2,085 L1831 41,469
62,800 | 831,148 0 B0 B33 1 4,767 | 4,787 | 49B.5
53,400 1 17,244 | 42,158 .58 328 1 7,150 806 1 62,079
12,600 9,268 | 63,348 A3 1139 145 1 73,495 1 87,00
2, 600 4,052 | 63,548 L2 | 11,589 ¢ 10,662 | 79,216 8, 69
66,000 | 13,842} 52,158 | 1.00 | 10,825 , 825 3 17,188
66,000 . 40,321 1 16,6761 1.08 | 10,297 : 131,120 { 27,800 | 48,301
59, 400 ,532 | 27,868 L83 | 12,148 | 10,000 867 ¢ 30,218
T 48,2061 23120 | 93 om0 | .50 | 10j606 | B.333 | o8 413 | 20,845
November _.; 680,600 17,613 | 2,987 42 1 10,561 | 4,435 | 26,422 | 15,852
December ..' 6} 33,600 L858 | 20,212 .83 (464 | 3,483 1 23, 17,404
1894,
January ....| 6| 89,600 5,030 | 24,570 .28 | 10,847 | 2,887 | 27,187 | 18,609
February...| 746,200 | 14,805 31,805 | .34 10,234 | 3,430 | 35,23 | 15,695
March 8 | 82,800 , 066 | 20,255 .50 [ 10,261 1 5,127 | 25,862 | 46,761
A9 89,400 1 10,187 | 49,213 88 P 10,270 1 6,162 | 55,875 | 86,613
11 | 92,600 4,159 | 68,441 831 ©9,860 | B,184 | 76,625 | 16,656
11 | 72,600 +,718 | 67,887 J G 6,040 0 8817 | 18,204 9, 897
10 1 66,000 T334 | A8, 1004 8,118 8,113 , 880 9,081
16 | 66,000 | 26,066 L0841 L0811 Y510 B 111 | 4%, 145 | 25,343
9| 89,400 | 17,865 | 42,085 o L052 | 5,858 | 47,888 | 16,642
T 146,200 | 14,880 | 81,820 B0 6,865 | B.427 1 34747 | 18,004
November._.| 6| 39,600 | 13,856 | 25,0844 A2 8,601 | 27721 88714 | 12,200
December . | 6| 80,600 | 27,147 | 12,458 L35 8,558 2162 1 14,615 | 24,432
1805,
88,600 | 248 225 ] 5 L0390 | 2,280
46,200 | 98,747 0 B 1L L B 98T
2,800 | 228,784 0 B0 126111 6,306
59,400 | 35,591 | 28,808 L5681 18,469 | 7,806
72,600 1 15 864 | 56,736 BB | 18,592 | 11,115
2,600 9,104 | 63,498 V93 12,987 | 11,8
66, (000 8,916 | 67,084 | 1.00 ! 12 417 | 12,417
66,000 | 22004 | 43,0261 1.08 L8281 12774
59,400 | 10,473 | 48,927 .84 1 11,617 , 643
T | 46,200 | 26,630 | 25 570 B0 1,772 | 5,886
November..| 680,600 27,550 | 12,050 427 12,607 ¢ 5,258
December .| 6| 89,600 | 24,042 | 15,558 .83 118, 4,29%
1896,
January ..... 689,600 | 25,382 | 14,218 251 18,%235 | 3,809
February .| 746,200 | 22,517 | 25,628 13,2 )
March .....} 852,800 | 40,798 | 12,002 50| 13,4691 6,788
..D&{prli,,“ o9 B 400 31,76 | 87,82 58 1 13,4501 7.8
aY ... 13 72,600 9,430 | 63,170 831 18,207 | 11,020
June ... ... 13 172,600 7. 133 | 66,467 L9201 18,718 | 11,401
July.. ... 101 66,000 0 44,241 5 21,750 . 1.00 1 12,425 | 12,42
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A MARICOPA COUNTY WATERSTORAGE COMMISSIONERS INSPECTING PL%ANE—
TABLE WORK. .

B CLAY HILLS, NORTH EDGE OF RESERVOIR SITE,
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History of Salt River Reservoir, operated from 1889 to 1801, efe.~—Continued.

4 [ Water
4 qued| Fyr. | Be- [Depth Aérxe-: Loss | Potal -
2 et Pl ) uire S O5e! evRDO- nee
Month. ggmrg{fé’ nighed {10 evap- P evg.r})- bt | tnfiow. in Teser- ggg;"
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This table shows that if the propesed reservoir were operated in
conjunetion with the natural flow of the Verde River, and an annual
supply of 660,000 acre-feet were desired, this could have been fur-
nished every year in the record except 1900. In that year there would
have been a shortage of about 16 per cent. It is believed that such a
shortage is permissible in a storage projeet if it does not cceur oftener
than once in say ten years, which is the faet in the present case.

The duty of 660,000 acre-feet per annum is that of the combined
Salt and Verde rivers, with a reservoir on Salt River operated in con-
junction with the Verde, the waters of Salt River being held in the
reservoir as long as the waters of the Verde are sufficient to supply
demands. If the flood waters of the Verde are to be stored and used
independent of Salt River they will not be available for this use, and
the manipulation of Salt River reservoir will be radically different.
Under these conditions the draft on the reservoir becomes constant
the year around; the requirement for storage is lessened, and the irri-
gation duty of Salt River alone is of course much less. Our records
indicate that a duty of about 450,000 acre-feet can be depended wpon
by using the rest of our storage capaecity for reserve storage.

SALT RIVER RESERVOIR..
BORINGS.

Borings were made to bed rock at 31 points in the eanyon, on four
different lines. The first trial was made near the upper end of the
canyon near the site selected by the Hudson Reservoir Company.
Five holes were here drilled to rock, the depth in two of them being
41 and 64.5 feet. These results are shown in fig. 8. Another site was
then selected about 1,600 feet downstream, and conditions were so
much more favorable that a more thorough exploration was made,
and the greatest depth being less than half that found above, the
lower site was decided upon. Fig. 4 shows profiles of these borings.
Following is a complete st of the borings,

N /
2 Depth of borings . 4

No. Bed rock Total i
A y
D [ 2 B 7 //

B 23.4 25.3 /

s _?//, ] 24.0 80.9 /
O f’ /
(] i
) of ///..

F16. 8.~Profile of borings at Hudson Reservokr Company’s dam gite.
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PLAN OF DAM, POWER PLANT. AND CEMENT FACTORY.
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. \, 27
/ ) 7
Depth of borings 4
- No. Bed rock Total
) 1 22.5 FEET 22:5 FEET Ny
. N A 7
2 H 258 s .-
. &
N v
-
-
. e
%47}@@
: LY
B,
"
D, Depth of borings
/ - Mo, Bed rock Total
Z /‘/, 1 22.0 78T 22.0FGET
A 2 1.0 259
% 8 22.5 27.0
A 4 22.0
D
': 5 558
f_;// 2 246
./’7;,,?
- . _ﬁ—'__‘m‘ l\
. EmaEann
“
Had aan
o
//f////?//,///' Deptiv of borings
g / No. Bed rock Total
:2 ?::5?EET‘ 2:;0 FEET
/ A 235 26,4
/} H 35’.’3 34.9
E t 30.9 30.7
iz g FAN:) 24.2
///;? 19 2.5 28.0
: iy //
16. 4—Profiles of borings at Salt River dam site,
Borings at Salt River dam site.
i
No. 1 1%2% (;I;';tt%_ i Character of rovk,
Line 4, Hudson Reservoir Company site. Fect. | Feet, |
e e e h e e ran e 24,0 89.5 | Red sandstone.
28,01 35.3 Sandstone, .
64.5 74,0 ‘l Coarse, soft white sand-
stone, .
440 ! 49,8 | Broken quartzite,
8.0 2.8 Do,
2.0 300 Do,

IRR 73—02

3
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Borings of Salt River dam site—Continued.

! Bea Total
No. 5 rock. | depth. ; Character of rock.
Line B, 1,600 feet below line A. il Foot Feet
1 2.5 22.5 | Red sandstone.
2.7 9.7 Do.
28.5 25,5 Do.
25,8 1.8 Do.
2.0 28.0 Do,
2.0 8.8 Do.
2.7 24.7 Do.
2.2 26,7 Do.
2.0 20,0 Do,
; \
t
.0 E 22.0 . Red sandstone.
21,4 25,9 ! Do.
2.5 27.0 Do.
2.0 2.0 Do.
23.0 8.4 Do,
2.0 240 Do. .
2.8 8.0 Do, #
28,0 22.8 Do.
2.6 87,0 Do,

2.5 28,0 | Black slate.

28.5 28.4 : Black slate.

25,0 e Do.

3.0 ) { Do.

0.5 0.7 Do.

a5 | 24,2 Do.
.................... Do,

g
(=2}
%
=
v
=3

CAPACITY OF RESERVOIR.

The capacity of the reservoir was determined by a plane-table sur.
vey for each 10-foot contour to a height of 200 feet above the bed of the
river in the gorge. These capacities are given in the following table:

Capacity of Sell River reservoir.

ol N —
above . apacity o :
low Ares. o7 ssetion, | capaeity. E
E water, E
i
*

Feet, ! Adeoreg. Acre-feet. | AcreSeek, !
10 24 120 180 |
20 128 80 880 |

30 224 1,780 2.640
40 401 2135 5785 |
50 694 5,47 11,340 |

80 1,085 & 595 %0, 135

0 1,458 1 13,718 a8, 856
80 2108 | 17,805 50,655
G0 2,080 25,165 75,80 !

100 3652 060 | 168,880

o 4,391 40,365 149, 245

126 5,538 49,635 108, 880

130 6,304 59,650 258,530

140 7,293 a8, 435 326,965

150 8,411 18, 520 405, 485

160 4,664 W, 875 405 860

0 | 00T | 103165 | 508,02

180 12,168 114, 685 1132, 660

180 13,459 | 128,085 240, 745

200 1 14,617 i 140, 380 981,125

i
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Tt will be noticed that for a dam of a height of less than 100 feet
the capacity of the reservoir formed is not extraordinary, but above
this height it increages more rapidly, and at a height of 200 feet is
nearly a million acre-feet. It would be entirely practicable to con-
struct a reservoir of several times this capacity, but this is not justi-
fied by the conditions; the limit to the economical height of dam is
determined by the supply of water available for storage.

PLANS FOR THE DAM.

The gorge on Salt River is an especially favorable site for a masonry
dam, and the most permanent, conservative, and secure form of high
dam that is known to engineering science can be constructed. The
tormation is sedimentary, with the strata inclined at an angle of about
30° to the horizonal, dipping toward the reservoir, a mosb favorable
condition for retaining stored waters and for the stability of the
dam. 'The foundation and abutment of hard, tough, fine-grained
sandstone are all that eould be desired. Building stone of the same
material is at hand, and above the site. As elsewhere set forth, good
Portland cement ean be made in the vicinity. Sand for mortar can
be obtained from the river bed, but wiil have to be washed and
sereened, and it is thought that the best plan will be to manufacture

sand by crushing quartzite, which oceurs in abundance near the site. ¢

This will provide an ideal sand, and as power is abundant its cost
will not be great. .

The dam wmust be so designed and constructed as to be safe from
destruction by any or all of the forces acting upon it. It is possible
for a masonry dam to fail in any one of three ways: 1. By overturn-
ing; 2, by sliding on the base, or on any horizontal joint; 3, by crush-
ing its foundation or masonry near the base. A faetor of safety of at
least two is secured against overturning by so designing the dam that
ander all conditions the resultant of all the forees acting will fall
within the middle third of any horizontal joint. This also eliminates
the possibility of any tensile strains in the masonry, a very desirable
result. The same condition also secures safety against sliding, which
is insured in a still greater degree by constructing the masonry of
random rubble, and by the use of hydraulic mortar, bonding it
together and to its base, so that it becomes a true monolith—a part of
the solid rock to which it is firmly joined. Under these conditions a
large margin of safety is provided, as the structure can not slide with-
out shearing the masonry. In addition to these precautions the dam
planned is to be built in the form of a circular arch, greatly increas-
ing its safety against both sliding and overturning. In fact, neither
can oceur without overcoming the gravity and cohesion of the masonry,
and also crushing the masonry or abutments. The total factor of
safety against failure by the first and second methods ean not be
exactly known, but it is unguestionably very great. The third
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method, that of the crushing of the masonry, is not affected by the

curved plan, and there is room for considerable difference of opinion

as to what are safe limits of pressure. The best guide, when intell-

gently followed, is the experience of the past. The following table
* gives pressures in some existing structures:

Pressures on masonry in existing structures.

1"1'essure:E
. Structure. Matorial, L ! Authority.
oot,
Fons,
Bridge, Pont-y-Prydd, Wales .. Limes'tta?ne rubble, lime £20.7 | 1.0.Baker.
mortar.
Brocklyn Bridge ._...._.___..._} Granite TRASORTY - een 3.5 | Duryea & Mayer.
W‘??héngton onument, in: Catmarble .0 . .. ...... 2.4 1 Col.P. 1. Cagey.
nd.
ﬁf;.ﬂ L?im's Bridge, before com- | Cut limestone . ._.......... 8.0 Histég%y 5t. Louls Bridge,
etion, ». 370,

Bouth Street Bridge, Philadel- |..._. (1 0 S ! 15.7 Tr‘%ﬁs. A&x)lﬁ. Soe. CLE., Vol.

phis. p. 805,
Rookery Building, Chiesgo ... | Cut granite..........._.... 30.0 | 1O. Baker.
Bear Valley dam . _.....0. ... Granite rabble ... ... 40.0 1 J. D, Schuyler.

1l Ssints’ Church, Angers ..._| Forneaux stone ........... 43.G | J.T. Fanning, p. 408.
O‘ha.}})tar House, Blgin .. Redsandstone ... ..... 20.9 Do.
S6. Paul's, London . .. Portland limestons.__ 10.7 Do.
8t. Pater’s, Rome . -- Calearveous tufa . 8.7 Do.
Varicasarch bmd%gs --, Cut masonry ... 60.0 Do,
Quaker Bridge m (pro- Rubble masontry 15.0 | Rep. Aqueduct Com.,p.55.

o .
Almanza dam (800 years old)..i...._ (4 (- RO E 4.3 | Edward Wegman, p. 24

P

Various experimental tests.

Pressure
. per .
Mabarial crushed. nare Authority.
oot

: Tons. .

Concrete prisms cut from Vrlynwy A8 e i81 | Sir Andrew Clark.
Grantte ashlar, with mortar 119 . 583 | Austrian Soclety E. &. A.,
Sandstone rubble, mortar 1:2, ... 255 De.

Sandstone rubble, mortar I: 33 184 Do.

Gravel concrete 1:2:3 ... ... .. 128 Do.

Gravel conerete 1:8: 8., Lo TTTT T 6 Do,

Two cubes of 1 cubic inch each were cut from briquets of neat
cement, manufactured from materials obtained near the site. These
were tested at the United States Navy-Yard, in Washington.

Sample No. 1 erashed at 6,690 pounds, or 482 tong per square foot,

Sample No. 2 crushed at 8,840 pounds, or 636 tons per square foot.

T'wo cabes with edges of 2 inches were eut from samples of the rock
to be used in Salt River dam, and erushed in the testing machine at
the United States Navy-Yard, in Washington. ‘

Sample No. 1 crushed at 59,650 pounds, being 14,912 pounds per
square inch, or 1,074 tons per square foot.

Sample No. 2 erushed at 100,000 pounds, this being 1,800 tons per
square foot. These results are so high that the strength of the rock
is entirely eliminated from the discussion.

Test No. 1, in the above table, made by the Austrian Soeciety, is
very nearly representative of the masonry to be used in the proposed
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]
; Maximum flood elovation 210~ 07 L
&
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Wator surface elavation 190"~ 0
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-
o
7
i
Waight of masonry 1460 Iba, par cuy &,
Woight of water €25 1 wia
Wind pressure 50.0 v v sgpn
@
e
o
&
-
I}
1
1
H
R
1
@
N
©
-4
; : ; - e I}
Prossure on toe of dam por sq. f. ,/ ! | Prossurc on heol of dam per q. ¢ O contour 30 - b abovo base of dam
Reservoir fuil 14.50 tons / / '!' Reservgir tull 140 tons
Raservoir amply [ v - S : H ! Resarvoir empty 1504 !
Resorvoir empty, wind up stroam 0.(;4; tdns ,’f ,' Resorvoir emptly, wind up stream 1526 jtons
________________ - ; ——— t
/ fl |
Prastute or 1on of dam por sa. M. / /‘ iF‘resaura on hoo! of dam per eq. 1.
Resarvoir full 1588 tons ! i Rosarvoir full 142 tons
Roservoir empty e XA ;" f Resorvoif emply 1648
Reservoir ompty, wind up stroam ﬂ-é;i 7 ,,' f Raservolt empty, wind up stroam 16,64
P ST T SR S ST VMRS SRS S R pamRpp i} o -

MAXIMUM SECTION OF BALT RIVER DAM, SHOWING FORCE LiNES.
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Salt River dam. A coefficient of safety of 10 in such masonry would
permit of pressures of over 25 tons per square foot. As will appear
later, the maximum pressures permitted in the proposed dam will be
far below this figure.

The recorded failures of high masonry dams are as follows:

At the Habra dam in Algiers poor hydraulic Hme was used, and a
red earth with a large percentage of clay was used in the mortar
instead of sand. This combinaiion made a poor mortar, and the rock
was also poor, both in the masonry and the foundation, being a cal-
careous grit of varying quality, and all porous. It is supposed that
the failure occurred by the crushing of the foundation under a com-
puted siress of 13.3 tons per square foot.

At the Bouzy dam in France the foundation was fissured and per-
meable and not on solid rock, allowing an immense upward hydro-
static pressure; the section wag so light as to permit great tension in
the masonry in the back. It was straight in plan, and when the reser-
voir was nearly filled the central portion of the wall was shoved for-
ward about a foot, causing ruptures and leakage. This wasaiterwards
repaired and the foundation reenforced. Sixyearslater, when the res-
ervoir was full, the dam suddenly overturned at a plane about 33 feet
below the top. The above-recited defects were the undoubted cause.

At the Puentes dam in Spain the central portion of the dam was
founded upon piles driven in earth, When the rising water applied
a heavy hydrostatie pressure, this portion of the foundation suddenly
gave way and left the top and ends of the dam standing in the form
of an arched bridge.

The dam at Austin, Tex., was an overflow dam built of limestone
rubble, the stone being very soft and of poor quality. The founda-
tion was on a geologieal fault, and was of soft limestone, in thin, hori-
zontal layers, which had little adhesion, and probably very little
friction upon one another, and the failure, which was by sliding, is
supposed to be due to this fact.

In all four of the above cases the foundation was defective. In
three the stone was poor and in two the mortar was poor. All were
straight in plan except the Puentes, which was polygonal in plan and
arched upstream. This dam seems to have been very well planned
and constructed, except for the one fatal defect of being founded on
pites instead of solid rock.

Al of the defeets in these failures can easily be avoided in the pro-
posed dam by a reasonable application of care and skill

The proposed dam is designed to be 217 feet above low water in the
river at the dam site and to storewater at a maximum depth of 190
feet, the total height of dam above lowest foundation being about 247
feet. Spillways 20 feet deep will be excavated in the solid rock sides
of the canyon and the rock used in the construction of the dam. The:
location lends itself admirably to a curved form of dam, this formn
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containing but little more material than a straight one of the same
section. The proposed structure is to be built on a circular curve,
convex upstream, the back having a radius of 400 feet and the face a
shorter radius from the same center. The dam is to be of uncoursed
rubble masonry and to have a section on medern conservative ideas
as a simple gravity stracture, and the added stability due to its curved
form will greatly increase its factor of safety. The rock of which the
dam will be constructed will be excavated from the spillways, and is
a tough, close-grained sandstone. A sample was taken from each side
of the canyon and tested for specific gravity in the laboratory of the
United States Geological Survey. The following are the resulis of

this test:
Specifie gravities of two specimens of sandstone,

L Determined on lumps.
A. In ordinary distilled water as quickly as possible,
No. 1.—8pecific gravity, 2.42 ab room temperature,
No. 2.—8pecific gravity, 2.47 at room. temperature.
B. After soaking in distilled water 24 hours.
No. I.~Bpecific gravity, 2.44 at room tempsrature.
No. 2.—8pecific gravity, 2,49 at room femperature,
C. After standing in distilled water under the air pump for 24 hours.
No. 1.--Speeific gravity, 2.50 at room temperature.
No. 2.—8pecific gravity, 2.52 at room temperature.
II. Determined on the powdered samples.
No. 1.—Specific gravity, 2.588 at 21.5 C., compared with water of
same temperature.
No. 2..—Bpecific gravity, 2.611 at 17.5 €., compared with water of
same temperature.

Tests for crushing were also made and are given on page 36.

The rock is to be used in as large pieces as practicable, in order to
make the number of joints as few and the quantity of mortar as small
as may be. It is estimated that the rock will oecupy 70 per cent of
the structure. TFifteen per cent will consist of cement mortar, in
whieh the stones are bedded, and 15 per cent will consist of cement
concrete rammed into the vertical joints, Taking the weight of the
mortar as 115 pounds per cubic foot and that of the concrete as 130
pounds, the masonry will weigh, as nearly as can be estimated, 146
pounds to the cubie foot. Oun this estimate the strains have been
computed and the section of the dam designed. As the dam is to
serve a8 a highway, a top width of 16 feet has been adopted, with
parapets along the sides. The section adopted is the smallest consist-
ent with the necessary top width, and with the requirement that the
vesultants of all forces acting upon the dam shall be at all times
within the middle third. The pressure on the toe when the reservoir
is full will be 15.9 tons per square foot, computed on the assumption
that the dam is a rigid monolith and nonelastic. Any elasticity it
may have will tend to relieve this pressure. The maximum possible
pressure, 16.64 tons, occurs at the heel when the reservoir is empty,
with a strong wind blowing upstream.
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The table on p. 36 shows fourteen instances with pressures greater,
some of them many times greater, than those in the proposed dam.
The following specifications are proposed for the dam:

SPECIFICATIONS FOR THE CONSTRUCTION OF THE DAM.

Diversion of the river.—The diversion of the river will be acecom-
plished by means of sheet piling driven as deeply as practicable
direetly across the canyon, beginning at the south side and reaching
as nearly as practicable to bed rock, the piling to be reenforced at and
above the surface by a heavy wall of sand and gravel excavated from
the site of the dam, the water to be diverted through the outlet tunnel,
which will be constructed in advance. The gravel wall will be built
at least 1 foot higher than the top of the outlet channel for three-
fourths of its length, about 50 feet of the southern end of the embank-
ment being left at an elevation 6 feef lower, o be utilized as a spillway
for excessive floods which may oceur too large for the capacity of the
outlet tunnel. The excavation for foundation will begin at the
southern wall of the eanyon, and as rapidly as completed to solid
foundation will be filled with masonry. As soon as 40 or 50 feet of
the southern end of the foundation is completed, a wooden flume will
be.placed at the above-mentioned spillway on the embankment, reach-
ing downstream over the completed portion of the foundation, dis-
charging into the stream bed at least 300 feet downstream from the
toe of the dam. This flume will be about 1,000 feet long, and in that
distance will have g fall of nearly 8 feet, which will give it & high
velocity and enable it fo discharge any floods likely to occur. The
pumps employed in drying the foundation excavations will discharge
into this flume,

In case gheet piling ean not be driven deep enough to cut off the
underflow, pipes shall be driven along the line aeross the canyon and
cement grout pumped in until the desired result is obtained.

Foundation.—All earth, sand, gravel, bowlders, disintegrated,
loose, and seamed rock will be excavated and removed from the entire
area of the base of the dam in order to secure a firm foundation on
solid rock. Explosives shall not be used in excavating the rock
unless absolutely necessary, and when used shall be only in small
quantities and in shallow holes to avoid fracture of the roek forming
the foundation of the dam. The entire foundation shall be thoy-
oughly washed with wire brooms, first with water and then with thin
cement grout. Throughout the length of the foundations a treneh 6
feet wide and 6 feet deep, 15 feet from the heel of the dam and par-
allel thereto, shall be cut in the solid rock of the foundation.

Masonry.—"he main body of the dam shall be constructed of
broken rarge cyelopean rubble. The stone shall be quarried from
the walls on each side of the eanyon, shown in the drawing as pro-
posed spillways. If a sufficient quantity of hard, fine-grained stone
can not be obtained in these spillways it shall be quarried elsewhere,
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All stone shall be thoroughly washed and laid in Portland cement
mortar, and each stone shall be laid on its largest bed. The stone
for the upstream face shall be rough pointed, so as to lay with hori-
zontal beds and vertical joints. No mortar joini in the face shall
exceed 1 ineh in thickbess. At least one-fourth of the area in the
face must be headers evenly distributed throughout the wall, and
every header shall be laid over a stretcher of the underlying course.
The stone shall be so arranged as to form a proper bond, in no case
less than 1 foot, with the stone of the underlying course. The
stretchers must not be less than 3 feet long, nor less than 2 feet in
any other dimension. The headers must not be less than 6 feet in
length nor less than 2 feet in any other dimension.

The body of the dam shall be composed of as large stone as prac-
ticable, well shaped, and laid so as to break joints and thoroughly
bond the work in all directions. Each stone shall be laid on its
largest face in a bed of Portland cement mortar of the quality here-
after specified. Vertical joints between the stones in the body of the
dam must be nowhere less than 4 inches and must be carefully and
thoroughly filled with Portland cement concrete, which shail be
rammed into place by hand. To secure thorough bedding each stone
must be lifted and the bed examined, to the end that all space in the
dam not occupied by stone shall be absolutely filled with mortar, so
as to make a water-tight construction. Thé masonry shall be kept
wet during the time of construction. The aim shall be to use the
largest proportion of stone and the smallest proportion of moriar and
concrete in the dam that can be_ practicably secured. To this end
facilities shall be provided for handling stones weighing 12 tons, and
large stones shall be used as far as practicable. To the same end the
stones shall be split from the large masses found in the quarry by
the ¢ plug-and-feather ” method, or any similar process that may be
found efficient in breaking the stones along regular lines, so that
joints to be filled with mortar may be reasonably thin and uniform.

Mortar and concrefe.—All mortar used in the lower 30 feet of the
dam shall consist of 1 part of Portland cement, 2 parts of good sharp
sand; and all conerete used in this portion of the dam shall consist
of 1 part cement, 2 parts sand, and 3 parts of broken stone graded to
such size as will pass through a sereen with meshes 2 inches square.
The mortar and concrete nsed in the upstream face of the dam for a
thiekness of 20 feet shall be of the quality above specified.

In all parts of the dam which are more than 20 feet from the
upstream face and 30 feet from the base the mortar shall be 1 part
Portland cement to 3 parts of sand, and concrete of 1 part Portland
cement, 3 parts sand, and 4 parts broken stone of a size to pass through
a screen with meshes 2 inches square. All mortar and concrete shali
be thoroughly mixed as the work progresses and used so prompily that
there will be no danger whatever of incipient setting of the cement pre-
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vious to the completion of the masonry in which it is placed. Ne
cement shall be used until at least sixty days after its manufacture,
and not until it shall show satisfactory tests according to the chemical
and physical requirements adopted by the American Society of Civil
Engineers.

The reason for using a larger percentage of cement in the base of
the dam is that here will be the greatest pressures, and the higher
percentage of cement will give a greater power of resistance to crush-
ing. The high percentage of cement is maintained on the water
face of the dam, all the way to the top, in order to render it as nearly
impervious as possible. '

It may be confidently predicted that a masenry dam at the pro-
posed site, constructed on the above plans and specifications, would
be absolutely permanent, ““safe, solid, and secure for all ages to
come,” as troly as the ¢ everlasting hills,” of which it will become
an integral part.

SEDIMENT.

Most of the streams of the southwest carry & considerable quantity
of solid matter which causes annoyance in canals, and has atendency
to fill any reservoir constructed on the stream. This is true of the
Rio Grande, Colorado, Pecos, and Gila rivers. There is silt also in
the waters of Salt River, as shown by its occurrence in the canals,
but it is not nearly as abundant as in the streams above mentioned.
The basin tributary to the Salt River reservoir lies in large part in high
timbered country, and includes the Apache Indian Reservation. These
Indians constitute_probably the most efficient forest patrol in the coun-
try, and their reservation is almost enfirely covered with forest and
grass. The basin of Tonto Creek, and a few other tributaries, how-
ever, are closely pastured and deliver some sitt during sudden floods.

Observations of the amount of sediment carried give the results
found in the following table:

Percentage of sediment found in Salf River water.

: Total vol-

Dazto. Sediment. uIne.
Per cent. Acre-fect.
PITLS o RR S 0. (0026 2.9
Pebruary L-I5. oo eee o ceenmenaeen 00058 .48
Febrgary 16-28.. . 00012 8.28
MATCH - oo cinv e s - 00099 9.53
Aprib 8 e L D000021 06
ﬁpril 19to May 26 ... ...| No sediment. 00
BY BT Bl e . 006805 28.94
T o oo e smar e mmmmmmnm v nmmEmm A . ...| No gediment. Rii]
JULT e e e . 002924 83.58
August e . 004128 134.16
Reptember - ... -aceoneeen . 0013523 23.85
0163703+ R 800034 5.04
November -.ocovveeeoann- . 500058 K3
F T Y PSR PPEEPPET T FEEECEEE No sediment. 00
Tota.lfortheyéar,,.........,,",,......-._,,,....-_....._....-'....,i--......”,“._. 8358

Nore—From January 1 to Aprii 18, 1001, observations werse made at McDowell station; bal-
anee of the year at regervoir site.
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The above table shows that during the period covered by the obser-
vations the sediment carried was very small in amount, almost negligi-
ble, but the dtschq,rge during the year was far below the normal, and
1t ig believed that the proportion of sediment shown by the observa-
tions was also below the normal. If we take 1,000 acre-feet as the
average inflow of sediment, this will be mnearly three times that
observed during 1901, and yet it would require eight hundred yearsto
fill the reservoir if none were drawn off. It would probably e one
hundred years before the loss of storage capacity would be seriously
felt and it would become necessary to resort to methods of clearing it
out.

At all times when the river is in flood the water in the reservoir
will be more or less turbid. The lower the stage of the reservoir and
the greater the flood in the river the greater will be the percentage of
sediment held in suspension. The greatest amount of sedirnent will
usually be found in the lower layers of water, and it will there-
fore contribute to the maintenance of the storage eapacity to draw
all waters from the lowest possible point at all times. Two outlets
are provided in the form of tunnels 10 by 13 feet, one around each
end of the dam. It should be made an invariable rule that whenever
water begins to run over the spillway the gates must be opened to
full capaeity, not only to draw off the maximum quantity of sedi-
ment but also to reinforce the spillway capacity as much as possible.

Experience at the Sweetwater and other reservoirs shows that the
greatest deposits of sediment are in the deepest part of the reservoir,
which in this ease is near the dam. The above provision would dis-
pose of a considerable portion of this, and any further provision for
removing silt would be unnecessary for more than a century.

SPILLWAY PROVISION,

The greatest flood ever known in Salt River Valley oceurred in Feb-
raary, 1891. It is described in the Twelfth Annual Report of the
United States Geological Survey, and has been referred to on page 20
of this report. The maximum discharge of this flood was estimated
at the almost incredible volume of 300,000 enbic feet per second. A
freshet of less magnitude, but still very large, oecurred in 1890, - There
ig abundant evidence that there had been no flood approaching these
in magnitode for a very long time. The drainage arvea from which
this flood was drawn was considerably. more than double the area iribu-
tary to the proposed Salt River reservoir, but the latter having more
than the average precipitation, it is credited with 5& per cent of the
total discharge under the discussion of * Water-supply ” on page 26.
A smaller dlamage basin is, moreover, liable to a relatively higher
flood discharge than a larvfer one, thongh the floods are of shorter
duration. From the above considerations it is estimated that the
maximum flood wave possible at Salt River reservoir is 220,000 cubie
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feet per second, reaching this amount by a rapid increase in volume,
and declining somewhat less suddenly from the maximum to the normal
discharge. Onthis assumption an examination has been made of the
effect of such a flood upon the reservoir. It is assumed that the
reservoir is full up to the bottom of the spillway, and that a great
flood oecurs, with a mean discharge for the first hour of 120,000 cubie
feet per second, and inereases its discharge 10,000 cubic feet per sec-
ond daring each hour for eleven hours, at the end of which time it has
reached its maximum wave of 220,000 cubic feet per second. The dis-
charge then decreases in an arithmetical progression for twenty hours,
at the rate of 5,000 second-feet per hour, reaching a discharge of
120,000 second feet as a mean for the thirty-first hour.

This spillway as planned has a total Iength of 3350 feet, and its
bottom is 27 feet below the top of the dam. Iis discharge capacity is
computed from the formula Q=H# 1220==3.5 LH1.

Effect of maximum flood on Salt River reservoir, with spillway 350 feel long, 190
Feet above river bed.

[Q=F3]1220.]
Inflow. OQutflow. .
Hour. 1 Net rige, | Elevation.
S%‘é‘;ﬂd 'Acm-feet. S?‘éﬁf‘é Acre-foot. !
1
! Feet. Feet,
9,020 12,920 1,085 0.82 190. 82
10,740 14,880 1,185 87 191, 69
11,570 16,5680 1,865 .98 192,61
12,820 19, 1,600 a7 108.58
13, 820 22, 1,890 1.0t 184.59
14,040 27,190 2,245 1.03 19562
14,870 31, 600 2,810 1.06 198. 8
15,620 86, 730 3,635 1.08 194,96
, 020 42,360 3,600 L10 198.86
, 850 48, 450 4,000 1.1 169
18,179 B4, 980 &, 540 1,12 2. 09
L 160 61,590 5,085 1.03 02,12
17,350 67, 840 5,610 .04 203, 06
, S50 75,960 6,110 .88 203.02
16,520 79, 620 8,575 8 204,70
16,170 B4, T, 010 1 205, 41
15,490 88,790 7,415 .64 208,05
15,280 9¢, 270 7,785 a7 206, 62
14,870 o8, 8,120 Al 207,13
14,450 1082, 140 8,485 45 207.58
14,040 105, 800 8,895 .40 207,98
13,630 108, 200 8,935 .35 208,33
L 220 110,810 9,150 .30 208,68
12,830 118,040 9,835 .26 268.89
12,560 114, 9,440 .21 208, 10
11,980 116, 460 9,820 g7 208. 27
11,570 117 9,720 A3 200. 40
11,150 118,618 9,795 10 208. 50
10,740 114, 250 9, 850 08 209,56
10,920 119, 620 9,88) 03 209. 59
9,920 119,760 9,802 00 20 5%
Capacity of spillway s vevvineem e e mmoi 10,170 R R 210.00
r ¥

At the end of the thirty-first hour the surface of the water has
reached an elevation of 209.6 feet, or 7.4 feet below the top of the
dam, and from that point begins to decline, the spillway having
at this elevation a discharge of 119,760 cubic feet per second. The
above-assumed flood wave might, therefore, be considerably exceeded



00000096 .djvu

44 WATER STORBAGE ON SALT RIVER, ARIZONA. [x0.78.

without flowing over the dam, and therefore the spillway provisions
as planned are considered ample for all possible requiroments. It
should be noted, however, that the dam would not be injured nor
endangered by a very considerable flow over the top.

!
L OUTLET WORKS.

For the purpose of facilitating the discharge of sediment from the
reservoir, and also to furnish fthe maximum reenforeement to the
spillways, it has been decided to draw all water from the reservoir
through large openings difectly on the bottom. Accordingly the plan
adopted is to have two tunnels dug through the solid rock, one on
each side of the canyon. Each tunnel will be provided with two gates,
each 6 feet by 10 feet 34 inches, with a clear opening of 5 feet 44
inches by 10 feet, making a total area of 215 square feet clear open-
ing. This would have a discharge capacity of about 1,500 cubic feet
per second with water standing in the reservoir on a level with the
top of the tunnels. When the reservoir stands higher than this the
head would, of course, increase {he possible discharge, and when
water begins to flow through the spillways the funnel would have a
discharge capacity of about 12,000 cubic feet per second, and with
the spillways rooning full, about 14,000 cubic feet per second. The
head on the lower sill of the outlet tunnels would be 190 feet with
waber standing at the level of the bottom of the spillways. This will
be the maximum head frequently encountered, but the possible head
would be 20 feet more, or 210 feet, with water flowing over the spill-
ways 20 feet deep, which is considered the maximum head possible,
encountered only at long intervals, if ever. This will produce a mean
pressure of about 12,800 pounds per square foot on the gates, or a
total on each gate of abouf 390 tons. These pressures and sizes
require gates of great strength and efficient means of controiling their -
position.

Each gafe is built of nineé parallel 9-inch I beams, two channels
horizontally, and three longitudinal beams, the whole inclogsed by a
half-inch plate solidly riveted to the beams and channels, so as to
make the entive gate act as a girder. It will be the aim to make this
girder water-tight on the edges and the side exposed to the water,
but drainage holes will be provided on the lower side to discharge
any chance leakage.

The pillar which will oceupy the center of each tunnel is built of
plates and angles in the form of a large X beam, and is reenforced on
each side by a 12-inch I beam, and the whole is inclosed by a thin
steel skin, to minimize the tendency to produce vibrations. The
beams are so arranged as to diminish the contractions also, and thus
increase the discharge. The sheet steel will be continued along the
sides and bottom of the tunnel throughout its entire length, Under
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these arrangements the velocity of the water through the tunnel,
running full, with the water in the reservoir at the level of the top of
the tunnel, will be about 7 feet per second, and will increase to over
60 feet per second with the water 20 feet deep over the spillways.
Each gate will be worked by two hollow rods running upward through
the shaft and tower to the tower houses at the top of the dam, where
they will be worked by screws operated by electric motors.

The hollow rods will consist of 3-inch, double-extra heavy steel
drivepipe, and will work in guides, as shown in Pl XXI. The upper
gection of rod which carries the thread for moving the gates will be
solid,

The bearings for the gates will be upon solid steel rollers placed to
eliminate frietion. A general view is shown on Pl XXIL

The steel is estimated at 8 cents per pound erected.

-

POWER PLANT.

In the construction of a great dam one of the most important ele-
ments is that of power. This is necessary on a large scale for drilling
purposes, for handling rock, for mixing and handling mortar, and for
crushing rock to be used in concrete. In the present case, further-
more, it hag been found possible and very desirable to manufacture
on the ground the large quantity of cement required in the dam.
This would require about 800 horsepower day and night, for grinding
rock and elinker, and for handling materials and running machinery.
It is usual to provide such power by means of steam engines, but in
the present case this is rendered very expensive by the scareity of
fuel. Coal, in quantities, now costs $10 per ton in Globe, and the
wagon haul to the dam site wounld nearly double this. A limited
amount of wood is available, but to secure the large quantity which
would be required if it were the sole dependence for power would
involve a long haul.

The best means for providing the necessary power is by the devel-
opment of water power on the river. This will involve the construe-
tion of a diversion dam and canal, which can afterwards be utilized,
if required, for sluicing accumulated silt out of the reservoir. The
power developed can afterwards be used in the neighboring mines or
transmitted to the valley below for pumping purposes. For either
purpose it will be a valuable asset.

The standard canal section adopted has a bottom width of 8 feet,
water depth of 3,5 feet, total depth of 4.5 feet, with side slopes of 1 to
1 in execavation and 1% to 1 in embankment. Its slope will be 0.0008.

In the first 12,000 feet of the line the depth will be slightly increased
to provide for seepage losses. Small drainage lines will be crossed by
means of concrete culverts. Flume construction will be employed
only where absolutely necessary, on aceount of its lack of perma-
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nence. The adopted flume section is a rectangular box, 4 feeb deep
and 7 feet 8 inches wide inside, built of 2-inch redwood plank, sup-
ported by frame of native pine. Sawmills will be established near
the line and logs floated down Salt River from the mountain valleys
above. This native timber will also be used for false works and
other temporary structures about the works. The defails of flume
construction are shown on PL XXIII-

There are to be two tunnels on the line, one 15,000 and one 18,000
feet in length. Both are to be in coarse gravel, and will be lined
with concrete.

No detailed surveys have been made of the line, and the estimates
which follow should be regarded as only approximate. The estimated
cost of earth excavation is 15 cents per cubic yard, and of rock §1 per
cubic yard.

The proposed canal would head some distance above the reservoir,
follow above its water line, and finally discharge just below the dam,
with an available head of about 180 feet. Itis designed to deliver
100 cubie feet per second, and to develop a net energy of about 1,200
horsepower after dedueting seepage, friction, and losses in water
wheels, electric plant, ete. Itis designed to use 900 horsepower at
the dam and 300 borsepower at the cement mill.

The power plant will consist of three units of 300 kilowatis each,
one of which will be temporarily installed near the cement mill, to
be ugsed there in making cemient and in drilling for the outlet fun-
nels, dam foundations, ete., before the permanent plant is installed,
until it is desired to store water above the 25-foot contour of the
reservoir, at whieh time the manufacture of cement should have been
completed, when this unit will be placed alougside the other two
below the dam, The two units placed below the dam will be at first
protected by a temporary power house, until the foundation of the
dam at that point is brought up to the level of the ground, when the
stone power house will be bailt.

The windows of the power house will be 10 feet above the bed of
the river, and the tailvace of the power house will be provided with a
gate by which, if it ever becomes necessary, backwater from the dis-
charge of the spillways can be prevented from entering the power
house. At such times, perhaps once in twenty or thirty years, it may
become necessary to close down the power plant for a few hours.

The following approximate estimate of the cost of the power instal-
lation has been prepared:

Estimated cost of power plant.
Diversion works:

I e mm————e e ——— 16, 000
1,000 feet of AUMe _ .. .. e icaaainan 2,825
75,300 feot of canal ... e aeeiaminanen 58,975
8,300 feet of tunmel, a6 §6 . ..o e 19, 800

$91, 100
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‘Water wheels, etc.:
9 wheels, shafts, nozzles, housings, ete ... .. __...... $7, 850
3 pairs couplings for attaching dynamos. ... .. ... 555
270 feet 52-inch pipe for penstock .. ... .. __.... 1, 600
Receiverand 9 branches . ______ .. . . __ ... ... 1,555
Freight on 140,000 pounds, at 8 cends. . ... ... _..___. 4, 200
Powerhouse _.._... ... ... e e e e 14, 000
e B2 | A6
Electric plant:
3 800-kilowatt dynarmos and exciters. ... ... ... .. ...... 24, 000
Transformers and motors ... ... ... 35, 000
Transmission Moes ... ... .. ... ceen 1,000
Freight and installation. . ... .. ... ... 12,000 -
72,080
 Total cost of power plant . ... .. ... 188, 360

The power plant as planned is about what is necessary in the con-
struction of the dam and the manufacture of cement. It contemplates
the use of the entire flow of the Salt River at minimum stages, and
hence is the maximum that can be made available at full head for use
at all times. After the construction of the reservoir this power can
be utilized for other purposes, but if constantly required will constime
water from the reservoir during the winter months, when usually a
sufficient supply for irrigation purposes can be obtained from the
unregulated flow of the Verde River. If, however, the power is used
exclusively for pumping water for irrigation, it will not be required
during the season of high water on the Verde. When this supply
becomes insufficient, it will be necessary to start the pumping plants
and to draw water from the reservoir, which ean be utilized at such
times, both for power and irrigation; hence, if used exclusively for
pumping, none will be wasted.

There are other power possibilities in this reservoir site by arrang-
ing to draw all irrigation water from the reservoir under a consider-
able head through turbines which can be used to develop power for
pumping purposes. Such.development, however, will be of a very
different character from the works already planned. The water will
be drawn under a variable head, and at times of extreme scarcity,
when the reservoir may run nearly or quite empty, and when irriga-
tion water is most needed, the head will be diminished and the water
to be drawn will be insufficient or entirely lacking at times when the
power for pumping is most needed, unless the duty of the reservoir is
diminished to a sufficient extent to prevent this. It is probable, how-
ever, that such a utilization of the power could be profitably made.
A decision on this point rests on the equation between the cost of
necessary plant and the value of necessary storage capacity on the
one side as against the value of the water pumped on the other side,
There is, however, a limit to the availability of underground waters
which can not be definitely known until an extensive trial is made by
pumping on the large reservoir of water which seems to be stored
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underground in Salt River Valley. The problem, however, is an
attractive one, and deserves extensive study in connection with the
utilization of Salt River reservoir. :

CEMENT MANUPACTURE.

The patural topographic conditions of this site are very favorable
for the construction of a masonry dam of the most conservative and
permanent design yet devised. This form of construction, however,
is rendered very expensive by the remoteness and difficulty of access
to the site. There is a wagon haul of over 40 miles across mountain-
ous country from the end of the railroad, which is a branch road with
light traffic and high rates. It is estimated that cement would cost at
the dam site about $9 per barrel. As over 100,000 barrels of cement
would be required for the dam, such a price is a most gerious handi-
eap to the project, and presents a strong temptation to adopt a rock-
fill type of structure which would be immensely cheaper. However,
before deciding this important point, it was thoughs best to investigate
the possibility of manufacturing cement in the vicinity, and, with this
object, search was made in Tonto Basin for materials suitable for the
purpose. Eight samples of rock and clay were gsent in for analysis
to E. A. Duryee, superintendent of the cement works at Colton, Cal.
The analyses were as foliows:

Analyses of rocks and clays from Tonto dam site.

Conatituent. No.i. | No.2 | No.4. | No.6. | No.7. | No.&
I O B ETATE - o oeam o cuwk st memam o mm e o maai e e m m 2.80 1 1L.25 | 20,10 | 18.40 |.......-
BUTIOM oo e oo come s mmmmm m —memmmmmmmm e s wmn fammz a2z $0.60 i 85.7 | 5L00 | 5L.901 67,90
Aluming and ferricoXide oo .20 | 15.80 20,50 { 16.70 23.70 1 18.00
MAgnosii ..o v vvrwmran cmmn s mieaen cara i B0 4012 ... 4578 R Bt
Calcinm carbonato ... oo v mons 95.80 1 18,60 | 1180 8.048| 10.96 .
Togoluble residnue . . oo.uw e e DU % 1 U AU SO PO PP
Total .vvmcaaam e e e 00.00 | 80,872 | 99.925 | 98.424 ) 100.87 | B86.872

No. 1. Limestone near dam site; very abundant and convenient.

Wo. 2. Caleareous shale near dam site; ledge 1 foot thick; expensive fo quarry.
No. 8. Shale near dam site; ledge 4 inches thick: expensive to quarry.

No. 4. Clay 1 mile from dam site; abundant.

No. 5. Shale near dam site; ledge 3 incheg thick; expensive to quarry.

No. 6. Clay from Sallie May Canyon, 8 miles from dam site.

No. 7. Glay from hills, 3 miles north of dam site; very abundant.

No. §. Shale from canyon helow dam site; ledge 2 feat thick.

The shales, and especially samples 8 and 5, being expensive to quarry
and grind, were intended for use only in case the clays should, upon
analysis, prove to be unsuitable for the purpose intended.

Everything considered, samples 1 and 7 appeared to be the mosh
tavorable for the purpose, and accordingly a quantity of No. 7 and
No. 1 were shipped to Colton for an experimental burn. The follow-
ing is quoted from Mr, Duryee’s report:

The clay and limestone were ground separately and then mixed in the propor.
tions of 6,18 pounds limestone and 2.25 pounds clay, making a raw mixtare that
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PAVIS] CEMENT MANUFACTURE. 49

tested 48 per cent lime, As the liméstone was very hard and therefore more Gif-
ficult to make into cement than & softer matertal, fluorspar $0 the amount of 13
ounces, or 1 per cent, was added. The materials were also ground guite fine, but
no finer than is the practice in some cement works, viz:

Por cont.
Passed a sleve of 50 meshes to the linear ineh______ ..o ... .. 95,9
Passed & sieve of 100 meshes to the linearineh______ . _.._..._... 99.75
Passed a sieve of 200 meshes to the linear inch. . . o0 .. 71.75

The raw mixture was made into briguets, and these, after being dried, weie
burned in a gasoline furnace. They burned to a good hard clinker of a good color,
which yielded a cement of good color.

Analysis of the cement.

LEI® . oo e e e e 63,56
Alumina and ferric oxide ... e e 10. 40
= T 22,85
M amenia . . . e e e e 7L

Alkalies not determined.

Tenstle tests of the neat cement briguets.
Pounds per square inch.

Tdaye (1dayinair,6in water) . oo . 410
14 days (1 day in air, then in water #ill broken)....... e 690
28 days (1 day in air, then in water till broken) . .. ..o oo . i}

Chemical analyses of Nos. 1 and 7 were also made in the laboratory
of the Geological Survey, to test the uniformity of the deposits, These
samples differ slightly from the samples sent to Mr. Duryee, but still

are eminently suitable for the purpose. The following are the results
found in the Survey laboratory:

-Analysis of limestone from Salt River, Arizona.

G 55, 56
MO e 10
Fe,Opand AlLDg - e 20
L b1
L G 48,77

Potal ____ ... e e e 100,14

Analysis of clay No. 7, from Salt River, Arizona. ‘

Chlorine. 20
3 50.51
o0y o e 4,08
ALOg and PoOy - 14,63
Ay e e e e 46
Mo .08
L 8,77
MO o 3.00
B e e e e 8.06
N . L 2.18
Lossabred beat . 13. 80

e N 99,87

IRR 73—02——4g
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50 WATER STORAGE ON SALT RIVER, ARIZONA. [N0.73.

Altogether these results are very gratifying, and prove beyond
question the existence of convenient and abundant materials from
which cement can be made. The greatest difficulty is the scarcity of
fuel. There is considerable wood in the reservoir site, mainly cot-
tonwood and mesquite, which it will be desirable to clear out of the
reservoir in any event. Wood is not suitable for burning cement
clinker by modern methods, but if made into charcoal and then
ground to powder would answer, or oil may be imported for the pur-
pose from California. A large amount of power is required for grind-
ing the rock and the clinker, and a still larger amount will be necessary
in the construction of the dam, for excavating to foundation, quarry-
ing and handling the rock, mixing and handling mortar, ete. If
steam power were used for all these purposes the small amount of
wood at hand would soon be exhausted, and it would be necessary o
haul wood a long distance, or to import coal, either of which would be
very expensive. Water power can be developed by diverting water
from Salt River above the reservoir site, carrying it in a canal above
the proposed lake and dropping it through a penstock just below the
dam. By such means an ample supply of power can be obtained,
available through the construction period and afterwards also, if
desired. The chief expense attached to this development will be the
construction of the canal for econveying water from the diversion site
to the dam site. But as the power will be valuable for other purposes
its cost is not entirely chargeable to the dam, and everything con-
sidered, this is by far the cheapest manner of obtaining the large
amount of power required. This is treated move in detail under the
proper heading, page 45,

The estimated cost of the cement plant, with modern machinery
capable of producing 300 barrels per day, as furnished by Mr. E. A.
Duryee, is as follows:

Approximate cost of o rotary process 2-kiln Portland cement ploni of o deily
capacity of 300 barrels,

B T - o o o o et w— i — et e $2, 0600
Mill for disintegrating clay ... .. ... e mwm e e 500
Rotary clay dryer. . i cmme ot eaae e 1,500
FElevators and conveyors for rawmaterials. __ ... S 1,000
Storage bing for raw materials . . L. 1,000
Mills for grinding raw materials .. ..o e 10, 600
Two rotary kiln-linings and stacks ... oo 15, 000
Mills for grinding cement. ... ... 10, 0600
300-horsepower electric motors and step-down transformers ... ... 9, 000
Conveyors and elevators for cement . ... .o oioi i 1,500
Cost of grading and erecting machinery . ... oo i 10,000
Shafting and pulleys, belts, and setding up same _ .. ... .. o.o 5,000
Buildings and bing for cement . _ . ...l eai e 10, 600
Office, laboratory, and equipment of same - ... ... ..ol 1, 560
B 5+ | U S 10, 000
Plans, specifications. and superintendence - _ .. ..o 3, 000




00000109 .djvu

U, 8, GEGLOGICAL SURVEY WATER-SUPRPLY PAPER 8, 73 Fu. XXV

A GAGING STATION ON SALT RIVER HEAD OF CAMNYON, BELOW
MOUTH OF TONTO CREEK,

B VIEW UP TORYTO CREEK FROM THE GORGE.



00000110.djvu



00000111 .43vu

nAVIS.] DAMAGES. 51

With such a mill, and using charcoal for burning cement, the cost
of manufacture would be approximately as follows, allowing for
power only the proportion necessary for maintaining and operating
the electric plant provided:

Cost per barrel of making cement at Salt River dam site, Tonto Basin.

Labor and superintendencs ... ... oo 80.70
Raw materials. . v eeecmmean e e e . 80
Fuel For Durming oo oo e e e e e e 90
Power (maintenance and operation only} .. .coocr i ini e .05
Repairs and sundries oL oo e e .05
O] . e e e e e e eemm e n e e 2. 60

ROADS AND BRIDGES.

The road from Globe to Payson passes through the reservoir almost
its entire length. In ease of the construction of the dam this road
would be submerged, and it will be necessary to provide a new one
around the reservoir. If it were deflecied to the east it would be
thrown into exceedingly rough mountain couutry, where the con-
struction would be very expensive and the road beset by heavy
grades. By passing to the west of the reservoir it would be necessary
o mse the dam as a viaduet and to build bridges across the spillways.
There would not be a great amount of road construction, and this
plan would be far cheaper and furnish a much better road than could
be built east of the reservoir. The road to the dam site would be
necessary in the constraction of the dam, and some sort of passage-
way over the spillways would be necessary in operating the gates.

In view of the contemplated manufacture of cement near the dam
and the high cost of steel delivered at the site, it has been decided to
build the bridges of the Melan arch type—that is, a light steel skele-
ton embedded in concrete. This will be about as cheap and far more
substantial and permanent than a steel bridge, and more in keeping
with the massive and permanent character of the dam. Kach bridge
is designed to abut at one end on the dam and the other end on the
solid roek of the hill, and will have one pier. The spans of each bridge
will be 110 feet and 75 feet in the clear. The general design is shown
in Pl. XX. They are both similar to bridges that have been in suc-
cessful use for years and involve no new or untried features.

S

DAMAGES.

The surveys show about 740 acres of cultivated land that will be
submerged by the reservoir. The improvements on these lands consisb
mainly of small frame or adobe houses, fences, and irrigation ditches.
It is thought that an average value of $50 per acre for these lands
should be ample to include all improvements. About 4,400 acres of
unimproved land is also in private hands, and has little or no value.
Allowing #1.25 per acre for such lands, we have a total for damages
of $48,500. :
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52 WATER STORAGE ON SALT RIVER, ARIZONA. [¥0.73,

The balance of the reservoir site—about 9,000 acres—is public land,
the control of which is in litigation, and will not be included in this
estimate.

COST,

The following estimates are based upon the data at hand in April,
1002, and are subjeet to modification:

Estimated cost of Sult River storage dam.
{247 feet above foundation; 190 feet available storage. Capacity, 840,000 acr »-feet.]
257 420 cubic yards rubble masonry, exclusive of power and cement. at

BBE0 & ward - e n e wa e %800, 970
Cement planb. e e e s 91, 000
Power plant, house, and canal .. .. ... e i aaaeaan s 188, 860

. Manufacture of 150,000 barrels Portland cement, at $§2 a barrel . ... ... 800, 0066
Excavation of foundafion and river diversion_ . .. ... .. couiueit o . 50, 600
Outlet tunnels and lindng ... ... 81,450
Ghates and machinery e 11, 660
Qutlet towers, shafts, and houses ... ... . .. ....... 9,000
Viaducts across spillways .. . et i 26, 060
Roads e e - 15,000
Engineering and contingencies, 15 percent ... . .. wiiniiinrinan oL 248, 507

Total cost of SEruChures . . .o oo e e e aan --w.. 1,868,887
Damage fo private lands. .. e e 42, 500
1,908, 887

Cost per acre-foot, $3.27,

The cost of dam 20 feet lower, storing 600,000 acre-feet, would be
practically the same for all items except the masonry and cement,
which would be about 20 per cent less, making the total cost about
$1,680,000, or $2.73 per acre-foot capacity.
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