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22 WATER STORAGE ON SALT RIVER, ARIZONA. [~0.53,
Excavation, 58,667 cubic yards cemented gravel, at §1 a yard ... ___. $58, 667
Excavation, 125,000 cubie yards sand, at 20 cents a yard _______._.____. 23, 000
5,210 cubic yards of concrete, under steel apron, at $10a yard. ... ____ 52,100
18,792 cubic yvards of concrete in toe wall, at $10a yard............... 187,020
Diversion of river _ ... e emeemeeeaea—eemana. 10, 000
Outlot, gates, Tower, e18 oo nmnnsunsvissassuomdass msnanaunsgs 20,000
Concrete core wall to be carried into east abatment ... ... .. ... 180, 000
Engineering and contingencies, 13 percent. ... . ... cooiooao.... © 209,331
TEEREOL WY o s ronms s e e i e Sk S S R g e 20, 000

1,624,731

Cost per acre-foot capac.ity, $8.74.
WATER STORAGE OXN SALT RIVER.
CHARACTER OF DRAINAGE BASIN.

Salt River, though nominally a tributary of the Gila, really brings
far more water to their junction than does the Gila. Though it drains
‘& smaller area, its basin is much higher and cooler and receives an
average precipitation far beyond that of the Gila Basin.
~ The drainage basin of Salt River and ils divisions is about as

follows: :
Area of drainage basin of Salt River.
Squnare miles.

Salt Riveratitsmouth ... . imceeecceeacm——————— 12,700
Salt Riverat Arizona dant .. cconiiiiinaciiieecciacammcnsamassanasacasss 12,260
Verde River near its mouthy . .. L e ieaan 6,000
Sl River above Mouthof Vebde, wue sasusassncrsssissamrsis s g sssasss 6,260
Salt River at damn site below Tonto Creek .. . 5,75

Salt River between mouth of Verde and Tontodam 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 faver a
large water supply relative to its drainage area. In a previous pub-
lication the writer has deseribed these conditions, as follows: @

The 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,
and the greater portion to the sonth and east, which forms the great Gila River
gystem. The Colorado platean is partly of igneous origin, and a great portion of
it is somewhat pervious to water. Its northern slope for a considerable distance
from the summit is very gentle, and thongh the precipitation i3 greater than in
most portions of the Territory, it is very meagerly marked by drainage lines and
almost destitnte of water. Sharply contrasted with these facts are the conditions
on the southern slope.  Here, throngh most of its course, the platean drops oft with
a very steep slope, which is deeply cut with drainage lines in which are living
crecks and rivulets of clear. beantiful water, such as San Francisco River, Black
Creek, Bonito Creek. White River, Carrizo Creck, Cibicu Creek, Box Crevk, Cherry
Creek, Tonto Creek, Wilil Rye Creek, East Verde River, Pine Creek, Fossil Creek,
Clear Creek, Beaver Creck, ete.

aIrrigation near Phoenix, Ariz.: Water-Supply and Irrigation Paper, U. S. Geol. Survey, No.
2, p. 15
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DAVIS.) WATER SUPPLY. 23

N The region of high altitude, as before remarked. lies largely north of the divide,
while the great bulk of the water flowing from the platean, as proved both by
erosion of drainage lines and by the volnme of permanent streams, flows away to
the south. The explanation of this is partly the porosity of the strata composing
the platean, which allows the water to sink instead of flowing off the surface.
- Once underground, its egress to the south is favored by the shorter- distance
which it mmust percolate on a given 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 Gulf of California
by the prevailing southwest wind. As this wind ascends the elevations toward
s’ - the Colorado Platean its tempetature is lowered, which redncees its capacity for
holding moisture and increases its relative humidity. When this gquantity reaches
100 per cent in any part, precipitation ocenrs., This inflnence continues until the
wind passes the summit, where the process is reversed.

As might be expected. therefore, the hydrographic resources of the country
immediately sonthwest of the Colorado Platean are disproportionately great when
compared with those to the northward. For instance, the precipitation at Fort
Apache, as shown by o mean of twenty vears’ observations, is 19.75 inches, the
elevation being 5,050 feet, while the precipitation at Holbrook, at an elevation of
5.047 feet, on the northern slope, is 8§.47 inches, as indicated by the mean of ten
vears’ observations. Thisisan important fact, especially when takenin connection
with the fact that the great areas of valley land with a semitropic climate lie in
the sonthwestern portion of the Territory. and are easily covered by the streams
which are formed by the conditions above described, and which constitute the
main features of the great Gila River system.

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 T'onto Creek, and about half a mile
below this stream Salt River enters a profound eanyon, with preeip-
itous sides and narrow bottom, in which is located the proposed dam
site. The Salt and Tonto both oceupy comparatively open valleys
above this gorge and have a moderate fall. The combined cffect is
one of the most capacious reservoirsites in the West. The dam might
be built to a height of 300 feet or movre, 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 discussion of the water supply, so only that of Camp Apache
remains.  Fortunately this station is located near the center of the
basin, and therecord is reliable and complete from 1876 1o date—about
twenty-six years. Thisaffords excellent means of obtaining monthly
and annual maxima, minima, and means at this point, which, 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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24 WATER STORAGE ON SALT RIVER, ARIZONA. [N0.72,

Precipitation, in inches, at Camp Apache.

! ! »
Year. Jan. | Feb. | Mar.| Apr. Muy.i.}unu. July.| Aug. | Sept.! Oct. |Nov. Doc.! n‘:‘tﬁl'
e -
vre |20 oo 02|10 52025 |20 2] 1st [
TR+ B T SS TR 1.20| 90| .81{ .19 i
130241 | 137 | 18] 70| 8. n.:;:! LT L0
1174 .03 12| o) L0538 .06 1
95 80| 46| 00| 46 [ 58| 14L| 5
137 [2e | Uat| B | T | A | K5
2500 Lot Lo 32| 4 T 1.
2.46 | 2.03 | 22| LsG . 5. 4.261 .06
34344167 | gt 25| 115,59 1.7
00 (205 | L52 | 1.12 ) 82| 260 86
253106 ] .01 ) 0| 191w |45 8
216 041 81| 1315030302t an
Laglam) vl LT T, (g2t |Loy
B8 Les | 4T 0| a1 26T | RE LD
240 82 139! 00| .00 | 5.00 | 444 |2
£10| 85 T | | T |2 | L2 |
220 el a6 L1518 | L0 | L2
110 [ 2,45 | 00 {2018 | 00| 257 | 3.43 | 2.6
L6 | 138 | 19T .00 1.27 1500 | 1.3
g2l .o T, 100 .01 | T4 5.44 | L
B oss ] sl 00 A2l 4Ll 4061 i
1.40 | .79 | .24 341 .37 L20 | 207 |8 i
1.50 [ L.Oos | .50 | 2.7 :2.w|4_:; 8.50 | .1
Lot 27! 45 ] L0100 eas | L9615 I
29 (115 (155 | 10 00| .82 1.8 |2 |
260|120 .20 |11 .00 |3.38 145 |

Measurements of the flow near the dam site below Tonto Creek
were begun in February, 1901, and arve still continued. Besi:des 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 ihe
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 ree-
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 o determine tho pro-
portion of water reccived from the Verde and Salt. For this purpose
the records are taken where these two streams were scparately
observed, and the ratio of each strecam to their sum is computed mont,h
by month, with results as given below:

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

Month. 1897. 1893, 1809, 1901, Mean.

Per cent. Per}c'rnf, Ier cr‘nt. Per cont.
0.587 ;
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DAVIS.] WATER SUPPLY. 25

The values thus obtained cover the periods from August 1, 1888,
. to December 31, 1894, and from December 1, 1899, to December 31,
1900. Observations of 1he 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, 1399, by the Geolog-
ical Burvey. The discharge from February 27 to Deeember 31, 1001,
was observed at the reservoir site and requires no reduction.

The storage of flood waters on S8alt River will not only utilize such
waters by holding them until needed, but will greatly inercase the
utility of the floods of the Verde River by providing a much larger
irrigated area to receive such floods, 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 usually 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 sinee 1888 is taken in connection with the proposed res-
ervoir and 660,000 acre-feet annual consumption, and from this a
table has been constructed, showing what would take place if the
past experienee should be repeated after the. construction of the

i s o P

FRIENE MRS

_Ieservoir.
4.100.501 fe89 1E%0 1891 1A92 1833 1894 L L1LTY TRSS 1887 1858 1893 1900 1941 1902
e i 1
1,000,004 f'lr
oo | i/}
POt CAPACITY OF RESERVOIR] | 840,000 |ACRE| FEET
woo,000] |14 \ ] \ 1 \

]
>

iRV VA
Y

800,000/

A \
L LA \,

N N N a '

\ I\
\J ”’
V7 y B
FiG. 2.—Fluctuations of Salt River reservoir, operated in connection with Verde River, under
a duty of 660,000 acre-feet per annum. )

M

The drainage area between the reservoir and the mouth of the Verde
is nearly 10 per cent of the whole area above the Verde, and there-
fore to reduce the discharge of the Salt to that intercepted at the &
reservoir, the discharge at the mouth of the Verde was reduced by
about 10 per ecent, this percentage being slightly modified according
to the season.  IFrom these data and computations the tables of dis-
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WATER STORAGE ON SALT RIVER, ARIZONA. [¥0.73.

charges for the Verde, at MeDowell, and Salt River at the reservoir
site, were obtained.  In reducing the discharge of Arizona dam to the
required amounts, the following percentages were used:

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

Verde ! Saltat | | Verde | Saltat
* Month. at Mc- reservoir Month. at Mc- |reservoir
Dowell.; site. i Dowell. | site.
|
0.42 | 0.52 ! ABPOEL i s dsags 0.49 0.48
A5 l .00 | September ......ceeeeaeaaan .48 .46
-3 Ab ) October o .50 4
.20 272 November..... ....cocaueeae .30 .45
.19 8 [ Decomnber..cv-cavaraansnses .50 ¥ 5
.30 63 I
42 | 52| BIORIE - < oo .40 .54
Estimated monthly discharge of Salt River at reservoir site.
[Drainage area, 5,756 sguare miles.]
| Discharge in second-feet. i | Run-off.
Total in ' Second-
Month. acre-feet. ; feet
Bosi 3 = per | Depth
i 4 Maximum.| Minimum.| Mean. siuira inFnihed
. mile. - %
! .03 .3
.03 .03
.02 .02
.06 07
| - .08
. 1830.a - 1
IR - it s conas e smismmenimad T 12,976 B66 2,002 190,185 54! 62
FODT A Y Lau e o sannsanamsisn savesa 1,970 T67 1,33 52,289 -3 24
f 1 T e e S 18,925 1,65 4,807 1,18 L85 %
s | U 4,002 1,797 2,562 150,259 .30 56
May .. R 1,356 433 700 48,562 4 16
P17 R s A 7 24 17,618 05 o
U1 - S s S 632 174 257 15,871 Nt [15]
AURNE - it amenan s 7 179 192 11,797 .08 3
Beptember .. .o iaaiaa 539 179 240 14,260 TS
DEBODOE - s s mnssscnsssassanss 310 140 194 11,906 .3 =1
November: ... ccivvimseomsivmuiss by O . 259 15,4:22 L04 .01
DOCCIDOT Jovausmssiusavisvasises . 1,417 251 2,561 157, 360 A4 .51
ey T o R T 18,925 174 1,420 1 1,006,737 .24 3.32
1890. a
JANUATY «ceeien e nammacamaas 716 2,501 159, 324 A5 A2
February . .- i ey ax3 5,049 280, 192 88 L2
Mareh... 1,45 3, 54 62 !
.17 5 | MO 6 .23 26 .
May .. 470 22 W13
June. 250 06 A7
1 L R i SR D 2% A5 A6
August ... 512 W31 i
September $H 2 2
October ... E3l .21 24
November HH 11 41
Decembor ... B .49 R
THE FEOF - couuviiesssesvieaisy ! 200 3 | 4.46
1891.a i
P LT LT o 8,906 551 100, 234 .31 306
February i 150, (00 413 1,037 KH 3.37 8.47
arce 4,968 V51 150,24 .48 -5
April . 2,182 1,65 114,50 53 1
" R 2,243 1,441 112,761 2 Pt
FOIO iy csessaiasasgasansasa 1,182 HNT 5,03 U5 | g5
BN o s s e RS 5022 312 AR NI A8
g T e b 316 k4l 16, 665 N 5

a Obtained by taking proportional part of the discharge of Salt River at Arizona dam.,

|
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pavis] WATER SUPPLY. 27

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

Discharge in sccond-feet. Run-off.
i :ond- |
Month. Tu‘ml in St“Lond .
Maximum. Minimum.| Mean, |fcre-fect. r;;:&ﬁﬁf [;ﬁ]:{ll;sm
mile.
1891.a
» BOptember covcn saniinnenr s 605 220 38 22,500 N .08
October ____... - 213 P 14] 20 13,95 04 05
November .... 253 207 2z 13,710 .04 .04
December. ... cccicccccarannnnenn 3u 264 - 25 14,151 05 | .06
TEOFOBE < svovermensnnnmmnns 150,000 203 : 2,529 | 1,733,770 4 5.65
1892, =
JADUARY .o cuiciiiiasaaiionaninnsana 445 38 52 21,614 06 Mg
February?b . .. 204 =1 12,274 (4 R
Marcht_ .. . .. 268 206 20 14,118 04 .04
Aprilb . ... .. 430 268 315 18,765 (153 .06
May b .. ..z T60 185 35 , 431 06 07
Juneb .__..... 157 76 110 6,523 02 .02
BT 1 165 189 11,606 .03
August = __. .. 5 152 186 11,427 03 .0
September .... 120 150 157 9, 551 .3 .03
October ......._. = Tl 144 196 12,066 .03 .03
November. ...... = 332 203 31 13,736 .0t .04
December. ... 266 236 253 14,578 4 N5
The YeaT e ccceeecccnecaaan 770 76 234 168,49 | 04 | 51
1893.
JRAVALY . o cuneermssasssinsassinuse 236 230 286 L5 .06
February...... 5,312 %5 T4 .13 .13
March.. ... coce. i, 208 3L 7,34 134 L4
April ........ 1,582 98 1,4 .18 .20
MAY e , 520 e G2 14 .16
JUDO e e e =22 s 143 .02 .02
July oo 52 146 v B .06
August ... 1,164 219 5 .13 .15
September ... 5 1,116 %2 508 .0 10
October ....... . 6355 242 Fl 05 » L6
252 266 M .04
281 283 .05 .08
3 1,081 .18 2.58
236 33 18,600 (151 .06
263 15,995 5 .05
204 K 46, 761 13 15
342 612 36,673 10 W11
241 271 16, 636 157 06
13 166 9, 897 03 .03
B2 148 9,081 02 .02
131 412 25,34 .03
133 280 16, 642 05 .08
107 213 13,004 4 B
186 27 12,200 .03 .03
208 397 24,432 | i .03
82 B 245,453 | .06 78
7t O SR 48,806 T4 5,300 Bl1,H58 .0 1.07
Februarye ..... . 3,647 468 1,373 76,2530 24 .25
Marche . .......... L 3,178 1,253 1,735 106, K33 .30 o)
P Uy § I — . 2,74 Wl 1,711 105,144 .0 -
MAY O M0 480) 673 41,356 12 14
Junec .........-. & 475 13 B 158,372 N5 05
My 59 120 160 i 14 -
Augrustd__ 1,023 200 440 08 .03
. Septemberd. - 4 166 242 o 04
Octoberd .. ... 7,1 20 57 15 A7
Novemberd . ____ 3,04 B2 T .13 15
Decemberd. ..o oo 5 430 G 37,104 .10 .12
Tho Jear .. ..ccceuumiaraanaun 46, 80 20 1,188 80D, K2 .20 2,80

aObtained by taking proportional part of the discharge of Sult River ut Arizona dam,
b Approximate: filled in from minimum discharge recorded in same months for 1000,
cResults obtained by taking from the published discharge of Salt River at McDowell
(Eighteenth Ann. Rept., Pt IV, . 280 that pereentage of the whols that represents the dis-
charge of the Salt hetween the month of the Verde and the reservoir site,
d Results ohtained by aking proportional part of the discharge of Salt River at Arizona dam.
. Trott's figures uscd in computation, ,

e ST B NGO s a1 T ) e gt AR e s At Y o s A e A HE ATARLT gt = e R R
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3 WATER STORAGE ON SALT RIVER, ARIZONA. [¥0.73.
Estimated monthly discharge of Salt River at reservoir site—Continued.
Dischargo in second-feet. ! Run-off.
i == 1
Total in | Second- i
Month. > | o .
Maximum,|Minimum.| Mean, | 2ere-fect. : r:;ég;;‘ ?;BE‘:;“
\ mile, p
#
416 47 .08 .00
239 33 07 o7
428 844 15 =7
6% 041 .16 .18
2 485 .08 i)
150 2 .03 . !
11 79 .13 15
256 597 14 16
241 534 o .10
265 308 07 08
200 443 .00
293 317 [13) 5
111 548 08 1.26
-
. Januaryae 19,422 312 2 647 162,777 .46 53
February 2,494 3 970 53,871 1 18
Marcha 5,762 1,013 2,160 122,508 38 44 !
3 April 9,7 3 4,251 254, 787 74 53
Mayb 1,910 1,114 65,461 | 19 22
A Juneb 59, 180 o] 21,305 | - o7
July b 5 78 15 10,173 3] 03
August 55 157 410 25,176 .08
- Septemberb. ... 1,269 238 60 40,049 11 12 1
3 OCtoberD .. ... anvermarminsmsnmas 1,010 28 9 33,755 1) 10 3
November?. . .o.cvicociiccinicnnns G nT 273 16,225 L5 06
i Decemberb ... ... s 292 251 270 16, 590 .05 06
re 4 i The Fear . ..o uveecmnmmnanns 19,422 | 78 1,157 835,977 20 2.72
. : T 1808 3
4 JANUATT - o —oooemmoe e e 1,007 240 ™8 20,808 .06 07
H February___ ... ...... 43 473 547 32,511 10 10
%3 March. . LTI 3 628 42951 14
5 : TS | D M S . 1,00 496 BT L] .13 14
P : ) 7 261 448 27,513 1]
{3 j JOno e e H1 182 k2 14,112 04 .04
¢ HE TG e e 166 408 25, 085 .07 U5
i3 ROpRE - 1,211 130 335 23,653 06 07
£ H September (... oo 03 106G 338 20, 136 06 .07
: ] i ! L8 TCT74 40 180 106 156 0,508 03 03
i - November. .. ...covoromcenmnmennn 8 182 202 12,04 . 3
i ¥ oo December . .cee e ceeeaeecans 402 2] 300 18, 401 05 .05
= The FetT - eeeneooomeeemeen- 1,211 106 | 04 201,004 | o7 ]
{
1899.¢ | $
: ] BT g SR 762 249 356 21,906 .06 o7 £
3 February ... ... 461 £ 2% 21,471 | ~06 6
S March. s 617 404 450 20,409 | AR -
E ] o | D 575 457 536 2,025 | 00 T
3 b N S 475 204 308 18,425 .5 .06
e T R A S 493 161 A 12,119 .03 .
? July ... 1,410 155 Hi 27,258 08 N
T3 ANPURL .o iicoinaniiononinoscnnnsnsn 3,35 166 671 41,240 I 13
; September ... .. 1,22 165 20 17,675 .05 0
¥ October . raaees Vi 158 253 15,548 A4 05 :
! Novemnber, 215 157 203 12,440 .3 . i
1 Docemberd. . s 2083 142 185 12,0008 .03 3 i
{ ] ———
l ; The Year «eeuenneeenenaeenn. 3,8% | 142 61| 261,69 06 8
i ? ! . 1900.¢ i
i FADVATY - .cvvnnnnmmmnse —cisasasares 242 22 p273 14,388 .04
: Fobruary A 31 204 2 12,74 NS '
March = 2068 206 Z3 118 .04 H
April 2 450 A8 315 18,765 N
. May... —— 760 155 5 22 431 06

aMr. Trotts’s fizurea used in these computations. Results obtained Ly taking proportional
parts of tho dischuree of Sult River at Arizona dam.

bResults obtained by tuking rom tho discharge registered at MeDowell that percontage which
ropresents thoe discharge of the river between MeDowell and the reservoir site,

€ Results obtuined by tuking from thoe discharge registered at MeDowell that part of percont-
ago that represents the discharge of the river between MeDowell and reservoir sito.

A Trott’s tigures,

¢« Computations made from Mr, F. P, Trott's flgures,
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WATER SUPPILY.

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

Discharge in second-feet. Run-off.
z Total in | Second-
Month. | i
" " Al acre-feet. | feet per | Depthin
Maximum.| Minimum.| - Mean. square | inches.
mile.
. 1900.2
P L TR 157 6 110 6,523 02 e
July - ... i 130 5 64 3953 .0 .0l
August . __. 51 3 142 8,711 o | W2
September = 200 - B8 118 6,808 .02 e
October ..... - H9 a5 161 9,02 A .3
November. 2.2 146 387 23,055 .06 Nir
FIS0 3 111 0 45 184 202 12,39 R | g
ThE YEBT «.nnennmemmcmmmmnee 2,22 e 2120 13,30 .05 | A7
1901. 1
JANUATY M cuvanceccecccccoocasanans 1,75 201 454 20,945 .08 .m
February b 4,172 28 2,414 134,047 .42 .44
3,468 40 1,43 T, 472 2 .29
1562 620 1,150 G2, 442 .18 .20
1,267 462 w5 45,218 .13 .13
B 47 268 17,262 5 .06
3,556 ! 36 21,206 .06 m
2.2 207 529 X610 . .10
670 123 300 15,907 153 .06
215 137 152 9,334 .03 .03
215 13 189 10,629 N .M
195 153 ity 11,663 .03 - L3
The Year - ...ccoeazcememes 4,172 1. 6| 404 1| 1.55
. U] i
JANUArY ... ) 238 170 186 11,423 .03 .03
February 220 184 1M 10,852 .03 .03
aComputations made from Mr. F. P. Trott's fizures.
bComputations made from observations by United States Geological Survey.
History of Salt River Rescrvoir, operated from 1889 fo 1901, in connectionwith the
unregulated Verde River, with annual use of €60,000 acre-feet.
[Capacity of reservoir, 840,745 acre-feet. Annual use, 660,000 acre-feet.]
g | Ve R !D b “om | Loss | Total
A i e- 'Dep ex- 088 o
o &)lll-]i]fr‘%- ]\?;l;li'd .quired’ of |posed| by leva Balance! .
Month. |£Z tioni hy | from  evap-. to evap- | ration | Inflow. fin reser-| g ;'
“z g;md Ver}da | veser-: ora- | evap- | ora- | and voir. awe.
k| other * | voir. | tion. | ora- | tion. | use.
2 goms l tion. ;
1889, Acre-ft.| Aere-fi. .-Ic:re-_ft.'j Feet. |Aere-fttdere-ftldcre-fl.] deveft. Aeve-ft. ! dcre-ft.
January ....| 639,600 | 153,611 0 0.25| 6,874 1,718 | 1,718 | 190,155
February ...| 7 |46.200 | 65,059 0 | 38| B66 ] : 2.0% | 72,250
March __.... & | 52,80 | 28,747 01 .50 1N,895 N8
April........ 9 | 59,400 E 12,008 | .58 ) 12 190,259
May 11§ 260 | (), 450 | 2
June 11 | 72,600 1 , 64,210 |
July..... 1| 6o ¢ A%, 181
August_._... 10 | 65,00 444 0 L 1L
September..| 9| 304001 44,540 ] H,2060 L6
October_ ... R L Sl R b q240 . s 114906
November..| 6| 3,601 17,10 22464 | 42 15,422
Decomber _.| 6| 39,600 | 174,845 | v ‘ 53 157, 360
1800, |
January .__.| 639, ‘ 128,585 0| .25 42,908
February...| 746,200 | 252,172 { 0] .3 275,616
March ._....| 8| 52800 ¢ 153,967 | 0 .50 214,410
April.. 9 | 59,400 21 80 TR #3,516
May... 11| T2.600 0 10,680 [ - I
June .. 120l 912 3,479 e
July ... 10 a0 TRES | S NITH
Auvgzust_ ... 10 66,000 115,074 0! 108
September..| 9 | 59,400 1 66,8022 0 [ K
October. ... TiAnan |l B 116G | [T -
November__| G 9,60 | 14,301 Q0 I 42
December ..| 61 39,600 | 192,464 | 0 3 168,778
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WATER STORAGE ON SALT RIVER, ARIZONA.
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History of Salt River Rescrvoir, operated from 1889 to 1901, etc.—Continued.

& | water N l A
- i Re- |Depth! ex- | Loss | Total
o jquired] Fuar- g0 of | I posed | by levapo- | Balance
= ri-l nis |
Month. |55 t“:t’l]‘:" m‘?}""‘], from |evap-| to | evap- |ratiou|Inflow. inreser ?l““"
0z ganrll Vm'ycle ! reser- | ora- | evap- | ora- | and voir. QW
u | other * 0 voir. | tion. {J'I.'B- tion. use.
17 | ion.
iy use. H
i - -
1801 Acre-ft. Acre-ft, !.-lrnuﬂ Feet. | Acre-ft.Acre-ft. Acre-ft] : ! Acre-ft.
January 6] B0,6Mm | 88 244 Ny .25 | 13,459 | 3, 3.5 |
February - T lli.:.'ﬂl 1 90, 31459
rch ......] 8| A&250 g 50 i 13,459
i .»J 410 3| A8 1345
| K3 i 144
i S 1A
L1 100
| i 1.0 | 12,814
Bl
7 |+ B R R o
November_.| 6| 30,601 1 E A2 | 1LE0 S ER |
December .| 6| 39,60 1 2 =< N Wy £ U RUES
1802,
January _... 39,600
Faht'uarv..ﬂ 465,200
2, 8K

59,400

bﬁ{ﬁcmber.. 1
October___.. 120 |
November .. T | 2o |
December .| 14,578 | 239,810 |7
1893.
January 6 25,396
February. A 2 | 20608
March . B | 0
April. ! 9 u:uu. 7
May.. 11 2.6 | E N
June . STE Ll i 25,
July.. 10 | G4, B2 MECRE N [
August. .| 10| 66,000 1 49,052 Bl AuY GGl
September._.| 9! 50 400 | 31,532 ) 218 1‘ A,
October._...| 7! 46200 | 23120 10, G5t 5| As
November..| 6 @60 | 17, 613 A2 | 10,5651 5,552 | <
December .. 6 | 39,0600 | 19,388 L3 | 10,4064 ln,il}i ‘ a3,
v | |
January ....| 6 L35 | 10,547 18,600 | 556, 465
February..., T J3E | 102238 13,005 J s
8| L0 | 10,2518 , 1 46,761 !
9 % a8 | 10,279 I L I 36,678
1} ] \hi! HOISL ) TR 16, 13
1i A2l O BUSIT L T6, 204 080
0! G i Loo | S 1531 8158 | 66,80 9]
¥ 1 .N Lol S 111 | 47,145 .
Semumlx.r. & g 5,558 | 47,59 £
Octobor..... BE0 | 3L T 180
November .. 2021380 2,4 |
December . 6,534 | 2,162 14,615 : "4 £32 |
1895, | i
January . o5 2.0 |2, s |
Febr unry.u o 1 3 i 21
March . T 1
a8
K3
i e
<66, 1) 1 n
10 e oo | LUs
S{-pu‘mhcr LA LN
October | il
Novemler.. 1o vk
December ., K 24,042 i3]
1896, |
January _...| & 25,8 25
February ...| 7 ! 3 -1
March .- & &m0, .usl [T )
April ... 0 ..'n mr I oy B o ' O |
May.... 1t . PO T T A I B
Juno .. B b TR | 65 46T e
July.oooool 1o 66000 |42 1215 0 o0 34, 184
i ldase bux oo ki s o i e A e Gt

'
i
i
3
i
i

R
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History of Salt River Reservoir,operated from 1889 to 1901, efe.—Continued.

§ Water
Te-
- )
sgliieed] Ko a0
onth. ER 2R from |evap-
Month. |3 Elsauion) by | IO TP
5 othay | eSS voir, | tion,
a8 use.
i
1806. jAeres, ff‘! Jddere-rt. Feet
Aungust_. ... 10 | 66, (l(l) K, 409 =
septemher... 9 PN it ;
October. . i 1 14, (m
November..! 6
December .. 6
18497,
January ....' 6 50
February . 7 A3.871
8 T4, 2350
9 AR
August ..
September._| 9
October..... T
November_.| 6 23,1
December ..| 6 :3‘.3,310
1898. .
January ....| 630,600 | 14,834 | 22,716
I-‘Lbrunry LT A2 | 25T 16,843
March . 8| a8 | I051 | 1023
April__ 9 | Bl 400 | E a0
May ... DI 12,600 o
June .. ER NN
July.. JE 10 e, 00
August . 110 | 65,100
Heptembt t 9| B, 4K
October_.___| 7 | 46200
November .| 6| 30,000
December .0 6 | 39,600
1890, i
January ....' 639,600 16,681 5
February. T 46,200 23, 063 51
March & | 52,800 3,201 R
April.... 9 | 59,400 44,417 .08
May... 11 | 72,0600 62,254 L83
June 11 | 2,6m e Pev} i
July..... 10 1 GG, 00 41,5817 1.0
August,..... 10 | 6,000 3,144 108
September__| 9 ! 59,40 ST L
October..... T 46,200 11,451 LAl
November __{ 6 39,60 25, 726 .42
December .| 6 | 39,6 24,9253 .3
1900,
January ....; 6| 39,600 | 13,251 | 26,319
February...; 7| 46,200 | 12,273 | 32,027
March . ... 8 . 11,082 Ll .u.s
April 9 7
May. 11 7 mu F
Juie 1 E

July_.
August.
!ﬂ[m-mhu 95,
Oetober . T 4h 200
November ... 6 | L0
December .. 6 3‘.1,(5&)
|
1901, |
Jrlnuary eemel 6 39600
Febranry (.. 7 | 46,200
Mrll(h ______ 8 | 52,80
April_, LRI
May. RER R NENTI ]
Juno’ P11 E 7260
July. 130 | 66,000
Augast. ... D0 | 66,00
Beptember..| 159,40
etoher... .| T | 46,20
\uﬂ'mh(r R
cember .. 6 | 39,6
I

lb 6

0
48, 462
i, (L
hl; 'h

’x-i -\Hla
AT N
2
&3 115

Area
ex-
posed
to
ovap-
ori-
tion.

Irn’ fl‘.
12, Ay

£,568
15,3320
5, 985

Loss
hy

evap-

ora-
tion,

cAere-fi.
13,600

i
]

]
Acre-ft. Acre-fi.
2250 1 40, “ll
2 lnh | 2
184
B 15

19, 479

2055 | 12040
3101 12,00
27,961 | 14,3%8
36,074 327

H s
l‘a‘l 210
TIN5
65, 810

0

0
0
11,0
24,576

11,083
1,008
" LT

e o L0

Ii‘.'.”}.’-"‘

71,405

57,520

o]

L5

B 1441

25,045

=3, 646

Total l

evapo- Balance,

ration | Inflow. [in reser-
and t voir,
use.

lls U]"
uT,-J.'L\O

810,745
B 745
.\iﬂ i

4&‘!,9‘.!1
418,147
J:ﬂ 4400
28233
g4055
F0%, 876
S0, 4
2921817
217,765

264,192
540, g0
20, K33

16,912 ¢
J49,901 |

234, Gt
25, ﬂ.b
”l =l

34, &ib

. —45,703

~44,405
g 06
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32 WATER S8TORAGE ON SALT RIVER, ARIZONA. [¥0.73,

This table shows that if the proposed reservoir were operated in
conjunction with the natural flow of the Verde River, and an annual
supply of 660,000 acre-feet were desired, this eould 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 oceur ofteney
than once in say ten years, which is the fact in the present ease.

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 ave 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 ean be depended upon
by using the rest of our storage capacity for reserve storage.
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SALT RIVER RESERVOIR.

b e

BORINGS.

g

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 seleeted by the Hudson Reservoir Company.
‘Five holes were here drilled to rock, the depth in two of them being

A A LYWL g A

= 41 and 64.5 feet. These results are shown in fig. 3.  Another site was °

: i then selected about 1,600 feet downstream, and conditions were so *
much more favorable that a more thorough exploration was made,
3 , and the greatest depth being less than half that found above, the

lower site was decided upon.  Iig. 4 shows profiles of these borings.
Following is a complete list of the borings.

RN 1 T 9

- ;‘

i s
3 o

1

3

b

&

E 4 Depth of borings

? 3 No. Bed rock Total

; 1 24,0 FEFT 30 5 FEET
¥ 3 28.0 35.3

44,

.

3.
4.

F1a. 8.—Profile of borings at Hudson Reservoir Company's dam site.
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. .
t
e T
3 Depth of borings :
B No. Bed rock Total 2
- 1 22.5 FEET  22.5 FEET "
2 28.7 bl anr ¥
bl a 253 258 {
4 4 25.8 a3
; 5 23.0 28.0 .
8 28,0 a1.3
5 7 24.7 247 4
a 222 26.7 A
] 200 200 i
s ;
Depth of borings ’
) No, Bed rock Total t
i 1 22.0 FEET 22.0 FEET
3 2 21.0 25.9
s 228 27.0
) . 22.0 22.0
8 23.0 334
! ] 24.0 26.0
T 23.8 39.0
8 22.0 22.8 )
0’ 248 27.0 !
. IR £
‘Red srndstone
; [
3 ;
Depth of borings
No. Bed rock Total
. 1 —_ —
b . ‘;’ 23.8FEET  28.0 FEET
. 238 28.4
5 25.0 =
°
[
3 8 !
- 3
o \
E]
| 3
3
H
. L} ‘
F1G. 4.—Profiles of borings at Salt River dam site.
Boriugs at Salt River dawm site.
* > Bed Total ! - . e J . '
No. | aten 1 depth. | Character of rock. .
Line A, Hudson Reservoir Company site. Feet,  Feet. |
1_~ 240" 4.5 ° Red sandstone.
* 26,0 : ! Bandstone. .
. 4.5 4.0 | Conrre, soft white sand-
i stone., - ;
44.0 | 19.8 | Broken quartzite,
20 3 0. ,
_ ] ol w0 Do,
-
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1- : WATER STORAGE ON SALT RIVER, ARIZONA. [%0.73.
X
¢ Borings at Salt River dam site—Continued.
{
i . " No. { rl:;)g'l:l:. "!I‘n:l))t:g ! Character of rock.
]
| B | | —
g Line B, 1,600 feet below line A. | Feet
‘ 225
] 26.7
3 5.5
1 5.8
3 23.0
25.0
; 247 ¢
5 222
3 AR TR B
i i :
Line C, 100 feet below line B. :
2.0 220 Red sandstone. :
' 21.0; 235,91 Do.
' 2.5 2.0 Do. !
; 2.0 2.0 Do.
L 23.0; #4, Do
. § 240, 200, Do ;
s ne| w0 Do. i
£ 20! 228 l Do. 4
L 286! 210! Do. !
i ; 5 ' : '
z 1 : Black slate. {
3 4 !
L ; Black slate. ’
s 9 i Do.
X% ’ Do.
. H Do. %
e I Do. 2
B | Do. 5 H
; Do. 4
¢ ! -
{1 : CAPACITY OF RESERVOIR. N
i ! -
e } : The capacity of the reservoir was determined by a plane-table sur .
3 vey for cach 10-foot contour to a height of 200 feet above the bed of the
;? A river in the gorge. These capacities are given in the following table:
U . &Y i
2 ) 4
15 i ' * Capacity of Salt River reservoir. i
3 "
¥ . g . : ! - .
et ‘ Height i | )
2 above Area Capacity Total
1 low *  lof section. | capacity. . ’
v water. ' .
; | ! | i 3
4 ; i I E o ‘
F Feel, Acres. ! Acre-feet. | Acre-feef.
! 10 24 20 120
i . 20 128 i :
33 2 2 _ :
i - 10 101 i \
: , 50 G i
> - 6 1,085 } i
3 - 90 1,458 i .
G ] 2,18 i i
? i 2 %3) : !
% 3 100 3,62 : i
p 110 el i | \
] i 2 555 | ! .
130 6,504 ‘ | i
i 140 720 | | i
2 x 150 8,411 | i : )
i 160 0661 | : \
A 10 10,560 | ~ | i
: 5 . 180 s 1ES ! ’
= : 10 TN | I | Q
% 3 i 200 14,617 | 140,390 | i

et e
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DAVIS.] PLANS FOR THE DAM. 35

It will be noticed that for a dam of a height of less than 100 feet
the eapacity of the reservoir formed is not extraordinary, but above
this height it increases more rapidly, and at a height of 200 feet is
nearly a million acve-feet. It would be entirely practicable to con-
struect a reservoir of several times this eapaeity, but this is not justi-
fied by the conditions; the limit to the cconomical 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 masoury
dam, and the most permanent, conservative, and sceure form of high
dam that is known to engineering science can be constructed. The
formation is sedimentary, with the strata inclined at an angle of about
30° 1o the horizonal, dipping toward the reservoir, & most favorable
condition for retaining stored waters and for the stability of the

am. The foundation and abutment of hard, tough, finc-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 can be made in the vicinity. Sand for mortar ean
be obtained from the river bed, but will have to be washed and
sereened, and it is thought that the best plan will be to manufacture
sand by crushing quartzite, whieh 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 must be so designed and constructed as to be safe from
destruetion 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 erush-
ing its foundation or masonry near the base. A factor of safety’of at
least two is secured against overturning by so designing the dam that
under 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 hydraunlic 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. TUnder these conditions a
large margin of safety is provided, as the strueture 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 inereas-
ing its safety against both sliding and overturning. In faet, neither
can oceur without overcoming the gravity and eohesion 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 unquestionably 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 intelli-
gently followed, is the experience of the past. The following table
gives pressures in some existing structures:

WATER STORAGE ON SALT RIVER, ARIZONA. [¥o0.73.

Pressures on masonry in existing structures.

) Pressure
. er .
Structure. Material. Lok Authority.
oot.
Tons
Bridge, Pont-y-Prydd, Wales ._; Limestone rubble, lime 20.7 | 1.O. Baker.
; mortar. -
Brooklyn Bridge .. ............_; Granite masonry .. ....... 39.5 | Duryea & Mayer.
Wash‘ijugton Monument, in | Cut marble ................ 25.4 Col.T. L. Casey.
win - .
St. Louis Bridge, before com- ;| Cut limestone ............. 33.0 i History St. Louis Bridge,
pletion. l I p.3i0.
South Street Bridge, Philadel- |.___. . 1 R 15.7 | Trans. Am Soc. C.E., Vol.
phia | i VILp.:305.
Rookery Building, Chicago ....; Cut granite................i 1.0.Baker.
Bear Valleydam __ ... _._____ i Granite rubble . J.D.Schuyler.
All Saints’ Church, Angers ____' Forneaux stone . J.T.Fanning, p.403.
Chapter House, Ll‘fm ......... Red sandstone ... Do.
St. Paul's,London ..... --- Portland limestone. . Do.
St. Peter’s,Rome . __. Calcareous tufa . Do.
Various arch bridges........._. Cut masonry ... Do.
Qual\ex(‘i )] Bridge ‘dam (pro- Rubble masonry lo 0 Re,p Aqnedur t Com.,p.55.
ecte
Almanza dam (300 yearsold).. ..... e JBPRN . egman, p.24.
: I :
Various experimental tests.
- ) Pressure!
i per fxr
.Ma.terml crushed. s?uare Authority.
oot.
Tons.
Concrete prisms cut from Vrynwy dam _................... 181 | Sir Andrew Clark.
Granite ashlar. with mortar 1:2.________. 583 | Austrian Society E. &. A
Sandstone rubble, mortar R 255 0.
Sandstone rubble, mortar 184 Do. .
Gravel concrete 1:2:3_____ 128 Do.
Gravel concrete 1: Sep. LI 66 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 crushed at 6,690 pounds, or 482 tons per square foot.

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

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

Sample No. 1 crushed at 59,0650 pounds, being 14,912 pounds per
square ineh, 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. 4, in the above table, made by the Austrian Society, is
very ncarly representative of the masonry to be used in the proposed
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9 s Salt River dam. A cocflicient of safety of 10 in such masonry would

2 . - .
3 permit of pressures of over 25 tons per square foot.  As will appear
7 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: . i

At the Habra dam in Algiers poor hydraulic lime was used, and a
red earth with a large percentage of clay was used in the mortar
instead of sand. This combination 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
. i the failure occurred by the erushing of the foundation under a com-
puted stress of 13.3 tons per square foot.

At the Bouzy dam in France the foundation was fissured and per-

i meable and not on solid rock, allowing an immense upward hydro-
static pressure; the section was so light as to permit great tension in
;  the masonry in the back. It was straight in plan, and when the reser-
5 voir was nearly filled the central portion of the wall was shoved for-
i ward about a foot, causing ruptures and leakage. This wasafterwards
. repaired and the foundation reenforced. Six yearslater, 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 hydrostatic pressure, this portion of the foundation suddenly : 1
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 geological 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 faet.

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 exeept 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 defeet of being founded on :
piles instead of solid rock. i

All of the defects 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 store water 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 , b
of the canyon and the rock used in the construction of the dam. The : 3
location lends itself admirably to a curved form of dam, this form Ty
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38 WATER STORAGE ON SALT RIVER, ARIZONA. [~o.73.

containing but little more materjal 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 radins of 400 feet and the face »
shorter radius from the same center. The dam is to be of uncoursed
rubble masonry and to have a section on modern conservative ideas
as a simple gravity structure, 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 exeavated from the spillways, and is
a tough, closce-grained sandstone. A sample was taken from cach side
of the canyon and tested for specific gravity in the laboratory of the
United States Geological Survey. The following are the results of
this test: . :
Specific gravitics of two specimens of sundstone.
I. Determined on lumps.
A. In ordinary distilled water as quickly as possible.
No. 1.—Specific gravity, 2.42 at room temperature.
No. 2.—Specific gravity, 2.47 at room temperature.
B. After soaking in distilled water 24 hours.
No. 1.—Specific gravity, 2.44 at room temperature.
No. 2.—Specific gravity, 2.49 at room temperature.
C. After standing in distilled water nnder the air pump for 24 hours.
No. 1.—Specific gravity, 2.50 at room temperature.
No. 2.—Specific gravity, 2.52 at room temperature.
II. Determined on the powdered samples.
No. 1.—Specific gravity, 2.583 at 21.5 C., compared with water of
same temperature.
No. 2.—Specific gravity, 2.611 at 17.5 C., 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 oceupy 70 per cent of
the structure. Fifteen per cent will consist of cement mortar, in
which the stones are bedded, and 15 per cent will cousist of cement
concrete rammed into the vertical joints. Taking the weight of the
mortar as 115 pounds per cubi¢ foot and that of the conerete as 130
pounds, the masonry will weigh, as nearly as ean be estimated, 146
pounds to the cubic foot. On this estimate the strains have been
computed and the section of the dam designed.  As the dam is to
serve as a highway, a top width of 16 fect 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
resultants of all forees 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 nonclastic.  Any elasticity it
may have will tend to relieve this pressure. The maximum possible
pressure, 15.6+4 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 accom-
plished by means of sheet piling driven as deeply as practicable
direetly across the eanyon, 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 feet Iower, to 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 canyon, 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 downstrecam 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 a fall of nearly S feet, which will give it a high
velocity and cnable it to discharge any floods likely to oceur. The
pumps employed in drying the foundation exeavations will discharge
into this flume. '

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

Foundation.—All earth, sand, gravel, bowlders, disintegrated,
loose, and scamed rock will be excavated and removed from the entire

area of the base of the dam in order to sccure 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 rock forming
the foundation of the dam. The entire foundation shall be thor-
oughly washed with wire brooms, first with water and then with thin
cement grout.  Throughout the length of the foundations a trench 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.—The main body of the dam shall be constructed of

broken range eyclopean rubble. The stone shall be quarried from
the walls on cach side of the canyon, shown in the drawing as pro-
posed spillways. I a suflicient quantity of hard, fine-grained stone
can not be obtained in these spillways it shall be quarried elsewhere.

PRl o 1 s o ik i
s takn PG MY )




40 WATER STORAGE ON SALT RIVER, ARIZONA. [vo.73.

PO

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- e
zontal beds and vertical joints. No mortar joint in the face shall ;
exceed 1 inch in thickness. 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 prae- .
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 conerete, which shall 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
'3 dam not occupied by stone shall be absolutely filled with mortar, so
as to make a water-tight construction. The 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 mortar 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 concrete 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 screen with meshes 2 inches square.
The mortar and concrete used in the upstream face of the dam for a
thickness of 20 feet shall be of the quality above speeified.

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 passthrough
a sereen with meshes 2 inches square.  All mortar and eoncrete shall
be thoroughly mixed as the work progresses and used so promptly that
there will be no danger whatever of ineipient setting of the cement pre-
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vious to the completion of the masonry in which it is placed. No
cement shall be used until at least sixty days after its manufacture,
and not. until it shall show satisfactory tests according to the chemieal
and physiecal requirements adopted by the American Society of Civil
Engineers.

The reason for using a larger percentage of ecement 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 erush-
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 masonry 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 truly as the ‘‘everlasting hills,” of which it will become
an integral part.

SEDIMENT. .

Most of the streams of the southwest carry a considerable quantity
of solid matter which causes annoyance in canals, and has a tendency
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 ineludes the Apache Indian Reservation. These
Indians constitute probably the most efficient forest patrol in the coun-
try, and their reservation is almost entirely covered with forest and
grass. The basin of Tonto Creek, and a few other tributaries, how-
ever, are closely pastured and deliver some silt during sudden floods.

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

Percentage of sediment found in Salt River watér.

: Total vol-
Date. Sediment. ume.

- 1901. ’ Per cent. Acre-feel.
T AL TENTIAE im0 7 00T 5o 8 S TR B e 0. 00026 9.27
February 1-15._.._. s 00053 34.42
. February 16-24___ .- B 00012 8.23
March._.......... . . 000043 9.53
April1218. 1T - 00000221 06
April 19 to May 26 ... .| No sediment. .00
My 2Bl e e cceaeaecienaaaaa B 05895 28.74
June.............. No sediment .00
OV o o o iomimimin i im0 BT 5 S 13/ B B i S B St S s s L0324 83.58
August ... . . . 004128 134.18
D B IO c cicmn s v b n b s M e N <= 23.85
October ........ 000U 5.04
November 00058 .63
Decomber . .. voe sessses s No sediment. .00
Total for the year ... . .. oo iiieecaiccncmacaccnaacaren e S e e 337.58

Note.—From January 1 to April 18, 1901, observations were made at McDowell station; bal-
ance of the year at reservoir 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 discharge during the year was far below the normal, and
it is 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 nearly three times that

observed during 1901, and yet it would require eight hundred years to
fill the reservoir if none were drawn off. It would probably be one

" hundred years before the loss of storage capacity would be scriously

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 sediment will

usually be found in the lower layers of water, and it will there-
fore contribute to the maintenance of the storage capacity 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 capacity, not only to draw off the maximum quantity of sedi-
nient but also to reinforece 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 reservorr,
which in this case 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 eentury.

SPILLWAY PROVISION.

The greatest flood ever known in Salt River Valley occurred in Feb-
ruary, 1891. Tt 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 eubic feet per seccond. A
freshet of less magnitude, but still very large, ocecurred in 1890, There
is abundant evidence that there had been no flood approaching these
in magnitude for a very long time. The drainage arca from whieh
this flood was drawn was considerably more than double the area tribu-
tary to the proposed Salt River reservoir, but the latter having more
than the average precipitation, it is credited with 34 per cent of the
total discharge under the discussion of ““ Water-supply ” on page 26.
A smaller drainage basin is, moreover, liable to a relatively higher
flood discharge than a larger one, though 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

g
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5 feet per second, reaching this amount by a rapid inercase in volume,
¢+ and deelining somewhat less suddenly from the maximum to the normal
discharge. Onthis assumption an examination has been made of the
effcet 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 occurs, with a mean diseharge for the first hour of 120,000 cubic
feet per sceond, and increases its discharge 10,000 cubic feet per see-
ond during each hour for eleven hours, at the end of which time it has

el ade

i reached its maximum wave of 220,000 cubic feet per second.. The dis- i
i chargethen decreases in an arithmetical progression for twenty hours, 1
4 at the rate of 5,000 second-feet per hour, reaching a discharge of
;120,000 sccond feet as a mean for the thirty-first hour. .
" This spillway as planned has a total length of 350 feet, and its '
= bottom is 27 feet below the top of the dam.. Its discharge capacity is
~ computed from the formula Q=I1% 1220=3.5 LH2.
4 ’ i
i . Effect of maximumn flood on Su_lt River 7'es_erz'oir, with spillicay 350 feet long, 190
; Jeet above river bed. i
) ; [Q=Hj 1220.]
B Inflow. ! Outflow. ‘ ’ . . '
Hour. . - e Net rise. | Elevation. :
. S‘i-‘ézgd ‘Acre-feet.j s%‘;gd' !Acre—feet.
i Feet. ‘
120,000 | - 9,920 1,065 0.82
130,000 10.740 L1% 7 %
: 140.02) 11,570 1,365 92 ;
130, (00 12,390 1.600 97 4
160, 000 13320 1,8 1.0l i
130000 14,040 2,215 103 ;
180, (Xx) 14,5870 2,610 1.06 i
3 L4000 31033 108 :
H 200, 000 3.5 1.10 e
210,000 4,000 11 :
), 4.540) 112 i
5,085 1.03 is
5,610 -94 '
6:110 .86 5
6.575 -8
7,010 .11
i | 1¢ 7= v .64 i
3 135,000 T, TR 7 H
4 180, 000 8 .51 ;
; 175,000 8! 45 ;
120,000 8, 40 '
, 165,000 % 3 i
E 1600, (00 9, .30
155, Ok 9,: .26
150, (00 9, 4¢ .21
145,000 9.620 13 )
140,006 9.720 E] 2. 40
135,000 9795 | . .10 209.50
130,000 119,20 9,850 -06 2. 56
9 125000 119.620 9,850 .03 209.59
3 120,000 119,760 9,892 N1 209.59
: Capacity of spillway - ooooooeueileieee e, m,xzui 10,170 l 210.00 -
s o .
1 At the end of the thirty-first hour the surface of the water has
reached an_ eclevation of 209.6 fcet, or 7.1 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 .
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without flowing over the dam, and therefore the spillway provisions

-as planned are considered ample for all possible requircments. It

should be noted, however, that the dam would not be injured nor
endangered by a very considerable flow over the top.

OUTLET WORKS.

For the purpose of facilitating the discharge of sediment from the
reservoir, and also to furnish the maximum reenforcement to the
spillways, it has been decided to draw all water from the reservoir
through large openings directly 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 3% inches, with a clear opening of 5 feet 4

‘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 the possible discharge, and when
water begins to flow through the spillways the tunnel would have a
discharge capacity of about 12,000 cubic feet per second, and with
the spillways running full, about 14,000 cubic feet per second. The
head on the lower sill of the outlet tunnels would be 190 feet with
water 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 eonsidered 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 about 390 tons. These pressures and sizes
require gates of great strength and efficient means of controlling their
position. '

Each gate is built of nine parallel 9-inch I beams, two channels
horizontally, and three longitudinal beams, the whole inclosed by :
half-inch plate solidly riveted to the beams and channels, so as to
make the entire gate act as a givrder. 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 oecupy the center of each tunnel is built of
plates and angles in the form of a large I beamn, 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 inerease to over
60 feet per scecond 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 serews operated by electrie motors.

The hollow rods will consist of 3-ineh, double-extra heavy steel
drivepipe, and will work in guides, as shown in P1. XXI. The upper

section 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. XXII.

The steel is estimated at S 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 has been found possible and very desirable to manufacture
on the ground the large quantity of cement required in the dam.
This would require about 300 horsepower day and night, for grinding
rock and clinker, 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 scarcity of
fuel. Coal, in quantities, now costs $10 per ton in Globe, and the
wagon haul to the dam site would 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 construc-
tion of a diversion dam and canal, which can afterwards be utilized,
if required, for sluicing aceumulated 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 1to

1 in excavation and 1% to 1 in embankment. Its slope will be 0.0006.

In the first 12,000 fect of the line the depth will be slightly increased
to provide for secpage losses.  Small drainage lines will be erossed by
means of concrete culverts. Flume construction will be employed
only where absolutely nceessary, on account of its lack of perma-
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nence. The adopted flume section is a rectangular box, 4 feet 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 tcmporary structures about the works. The details of flume
construction are shown on P’l. XXIII. ‘

There are to be two tunuels 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 carth excavation is 15 cents per cubie yard, and of rock $1 per
cubic yard. o :

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 deducting seepage, friction, and losses in water
wheels, electric plant, ete. Tt is designed to use 900 horsepower at
the dam and 300 horsepower at the cement mill.

The power plant will consist of three units of 300 kilowatts each,
one of which will be temporarily installed near the cement mill, to
be used there in making cement and in drilling for the outlet tun-

‘nels, dam foundations, cte., before the permanent plant is installed,

until it is desired to store water above the 25-foot contour of the
reservoir, at which time the manufacture of eement 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 built.
~ The windows of the power house will be 10 feet above the bed of
the river, and the tailrace of the power house will be provided with a
gate by whieh, if it ever becomes neecessary, 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:

DAY . e e meeaeaca————- $10, 000
1,000 feet of flume . ... . ieeeceeeaa- 2,325
75,200 feet of canal .. eiieeeeeeaaas 58,975
8,300 feet of tunnel, at $6 .. .o eeaeeane- 19, 800

$91, 100
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Water wheels, ete.:
9 wheels, shafts, nozzles, housm"s. (] ¥ I &7,350
3 pairs couplings for attaching dynamos........ ... .. ..... B 55
270 feet 52-inch pipe for penstock ... .. ... 1,600
Receiver and 9 branches - .. oo 1,555
Freight on 140,000 pounds, at 3 centS. oo i 4,200
Power house ... . eeieiciaaaaa- 10, 00
—_— 825, 260
Electric plant: -
3 300-kilowatt dynamos and exciters. ... ... ... . ... 24,000
Transforiners and motors . .. .. .t enen 35, 000
Transmission lines_ ... ___.__ o ien 5 e i 5 S TS R 1,000
Freight and installation._ . ___ ... ... .. ... ...l ...... 12,000
- —_— 72,000
Total cost of power plant - ... 188, 360

The power plant as planned is about what is necessary in the con-
struetion of the damm and the manutacture of cement. It contemplates
the use of the entirve 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 consumne”

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 can 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 ean 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 insuflicient 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 sueh 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

1+
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48 WATER STORAGE ON SALT RIVER, ARIZONA. [No.73.

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 MANUFACTURE.

The natural 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 serious handi-
cap to the project, and presents a strong temptation to adopt a rock-
fill type of structure which would be immensely cheaper. Ilowever,
before deciding thisimportant point, it was thought 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 sent in for analysis
to E. A. Duryce, superintendent of the cement works at Colton, Cal.
The analyses were as follows: ‘

Analyses of rocks and clays from Tonto dam site.

Constituent. No.2. | No.4. | No.6. | No.7. | No.8.

Moisture ....... 20.10 13.40 doeno. -
Silica . _...._ ... 51.00 51.90 1 67.90
Alumina and ferric o i P
Magnesia_.._.. ... i .6 L0 4.576 Rin L972
Calcium carbonate ....._.... Pogs. 5. 6 .8 6.048 | 10.90 .00
Insoluble residue .............. :

17 ) SRR SRR S P SRR ! 2 .25 | 98,424 ‘ 100.87 | 86.872
1

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

No. 2. Calcareous shale near dam site; ledge 1 foot thick; expensive to 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 inches thick; expensive to quarry.

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

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

No. 8. Shale from canyon below dam site; ledge 2 feet thick.

The shales, and especially samples 3 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 most
favorable 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. Duryce’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 mixture that
L
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tested 43 per cent lime. As the limestone was very hard and therefore more dif-

ficult to make into cement than a softer material, fluorspar to the amount of 1}
ounces, or 1 per cent, was added. The materials were also ground quite fine, but

no finer than is the practice in some cement works, viz:
Per cent.

Passed a sieve of 50 meshes to the linearinch__ ... . . .. ... ... ...... 99.9

Passed a sieve of 100 meshes to the linearinch. ... ... ... . ... ... 99.75
Passed a sieve of 200 meshes to the linearinch.. .. . . ... ... ... 71.75

The raw mixture was made into briquets, and these, after being dried, were
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.

g L O e s R R R Prooar 63.56
Alumina and ferric oxide ... .. ... e 10.40
1511 Bt e e 22.85
B\ E: Yo 11T T S P AR . .7

Alkalies not determined.

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

7 days (1 day in air, 6 in water) .__... ___._.___ RO OB E a0 AR G Car Bt s 410
14 days (1 day in air, then in water till broken) . ... ____ ... _._..__.__. S 690
28 days (1 day in air, then in water till broken). ... ... . .. ___._. 715

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 ) e S S - e S S S 55.56
MgO ...................... et eeeeemmeeceeaecceeaeemalicecececeeecaceoee. .10
Fe,05and AlO;g .o o e ceelieeciceean. 20
SE O e o e et o s s S R L e e e e o .51
616 P11 ) DU U St S e SR S S 43.77

1 ] S g T S I 100. 14

Analysts of clay No. 7, from Salt River, Arizona

(37 () (53 ) 2 - Yo O U U0 O S PO S SO SN .20
5 T PPN 50. 51
IO, w2 eimieie &1m mteimmie o el B i gl i e SISV F15 S B im e e e it o i 5.03
AL O and Py0; oot eieeeeeeeee- 14.63
o 10 P e e SRR S P R D S PP S R .66
MNO e e e e emmemmmm et e ———aa .03
6710 I A R et S S 6.77
B - O 2N 3.00
< 0 8.06
NGO o oo 25 ieimioim emi o i m 1508 S S T 2 i 8 A TSR 18 ST 8 S 15 5 O S o ST 2.18
Lossat red heat .. ... oo e icmiceeccemeceem—moaan 13.30

1 103 73 R E SR S PO a8 SR SO P BT 99,37

i s av i
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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 elear out of the
reservoir in any cvent. 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 amnount 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 to
haul wood a long distance, or to import coal, either of which would be
very expensive. Water power ean 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 coustruction period and afterwards also, if
desired. The chief expense attached to this development will be the
construction of the eanal for conveying water from the diversion site -
to the dam site. DBut 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 more in detail under the
proper heading, page 43, '

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 a rotary process 2-kiln Portland cement plant of « daily
capacity of 300 barrels.

[0 o153 3 15 L R $2,000
Mill for disintegrating clay - .o ... e 500
Rotaryclay dryer_ ... . ... .. ... .. L e 1,500
Elevators and conveyors for rawmaterials. ____ . ____f . . ... ..... 1,000
Storage bins for raw materials . ... ... 1,000
Mills for grinding raw materials .. .. . imeeiaaaa.. 10, 000
Two rotary kiln-linings and stacks . . el . 15,000
Mills for grinding cement. . ..o .. 10, 000
300-horsepower electric motors and step-down transformers ...... ....... 9, 000
Conveyors and elevators for cement - ... .. .. ....... 1,500
Cost of grading and erecting machinery - ... ... ... ....o..._...... 10,000
Shafting and pulleys, belts, and setting up same ... ... ... .. ....... 5,000
Buildings and bins for cement - o e eaeeee-z-.2. 10,000
Office, laboratory. and equipment of same ... ... ... ...lo...... 1,500
Freight i - 10,000
Plans, specifications, and superintendence ... ..._._. ... .o.......... 8,000

L N3 21 91,000
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With such a mill, and using charecoal 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 superintendence ... ... ... ... ... .o, 80.70
Raw materials. o . .. .30
Fuel for burmning ... .90
Power (maintenance and operation only) ... .. ... .. .._...._.. .05
Repairs and sundries .. ____.__..._..._...._. Sy VS = Vs .05

b7 R 2.00

ROADS AXND BRIDGES.

The road from Globe to Payson passes through the reservoir almost
its entire length. In case 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 deflected to the east it would be
thrown into exceedingly rough mountain country, 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
to use the dam as a viaduet and to build bridges across the spillways.
There would not he 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 construction 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. FEach bridge
is designed to abut at one end on the dam and the other end on the
solid rock of the hill, and will have one pier. The spans of cach 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.

DAMAGES.
The surveys show about 740 acres of cultivated land that will be
submerged by the reservoir.  The improvements on these lands consist
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 $42,500.
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The balance of the reservoir site—about 9,000 acres—is publie land,
the control of which is in litigation, and will not be included in thig
estimate. )

COST.

The following estimates are based upon the data'at hand in April,
11902, and are subject to modification:
Estimated cost of Salt River storage dam.
[247 feet above ‘foundation; 190 feet available storage. Capacity, 840,000 acr s-feet.]

257,420 cubic yards rubble masonry, exclusive of power and cement, at

§3.50 @ yard - i iieemaeaaaa. $900, 970
Cement plant 91, 000
Power plant, house, and canal ... ... __ ... ____..._...._........ 188,360
Manufacture of 130,000 barrels Portland cement, at $2 a barrel.._____. - 300, 000
Excavation of foundation and river diversion. ... .. ... ... . ... 50, 000
Outlet tunnels and lining - . oo 81,450
Gates and machinery ... ... _.__....__. PP TSN S P M 11,600
OQOutlet towers, shafts, and houses ... ... .. i iiioiiiaao. 9,000
Viaducts across spillways oo . oo aaaan © 26,000
RORAS oo omiim i i e o [T e o o 15,000
Engineering and contingencies, 15 pereent _.__ ... ... ... . .. ..o - 248,507

Total cost of structures ..o 1,866, 887
Damage to private lands. ... oo iiiaaoaoi.l 42,500
- 1,908, 387

Cost per acre-foot, $2.27.

The cost of dam 20 feet lower, storing 600,000 acre-feet, would he
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 $2.75 per acre-foot eapacity.
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LETTER OF TRANSMITTAL.

0
s e g S

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
Divisiox o¥ HYDROGRAPHY,
Washington, D. C., June 12, 1902.

Sir: T 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 local
authorities, committees, and citizens of Maricopa County, Ariz., and
through the eooperation thus had it was possible to go into details
which under other circumstances could not have been diseussed. The
work is of great value, not only to the Salt River Valley, but to other
pontions of the arid 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
arcas the streams ave for the most part of small volume and are sub-
ject 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 public land.

Very respectfully, F. . NEWELL,

Hydrographer in Charge.

Hon. CHARLES D. WALCOTT,
Director United States Geological 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 area 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. DBoth streams are more or less torren-
tial in character, the combined flow dwindling at times to about 100
cubic feet per sccond, 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 cultivation 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 rceeived
in November, 1900, by the Sceretary 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 a result of a protracted
drought, become thoroughly aroused to the vital importance of forest protection,
and especially of water conservation through the constraction of reservoirs.
Mass meetings have heen held and. an organization formed representing all of the

Aliverse interests of the valley. As president of this organization, I have been

instructed and empowered to take active steps toward bringing about better
couditions, ~
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10 WATER STORAGE ON SALT RIVER, ARIZONA. - (x0.73.

A careful study of the situation has shown that, as preliminary to the construc-
tion of systems of water storage, we must have a full knowledge of all of the
physical 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 capacity and cost of construction, it will be possible to dis-
cuss alternative projects, and to lay before the pecople the data by which they can
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 United States Geological Survey, has been authorized by Congress to ascer-
; : . tain these facts relating to the reclamation of the arid region, the storage of water,
;i and related subjects. Also that the demand for work of thkis kind far exceeds the Lo
funds available for carrying it on, and that as a consequence work is being con- !
centrated in localities where the greatest public interests are to be served, and
particularly where cooperation is offered by the people or their legislatures.

In view of these conditions, 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 $1,300, to be
disbursed upon the usual approved vouchers, an equal amnount to be allotted from
the funds of the United States Geological Survey, to be expended by the latter in i
making these investigations. DMy conference with the officials of the Geological i %
Survey has shown that this proposition is acceptable to themi, being similar to the 5
cooperation now in force with the Water and Forest Association of California, .
and also with officials in various States.

I trust that this matter will meet your hearty approval and this greatly needed
investigation can be begun at once. '

YO

T3

WATLR-3URPLY PAMR MO
\

O PR Y Tratly, Y N

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

SE e i a0 A RIS 2, 3 W it

§ § ’ I have the honor to acknowledge, by reference from the Department of Decem-
[ ber 31, for early report and return of the papers. a letter dated November 20, from
Mr. B. A. Fowler, president of the Salt River Valley storage conunittee.

In this Mr. Fowler offers to cooperate to the extent of furnishing $1,500 in the

(e

; E investigation of the water resources of the portion of country above the Salt River P
H Valley. This offer of cooperation should, in my opinion, be met with hearty g
E approval and investigations pushed forward energetically in those regions where : '3,’
‘ '; the people testify to the need of this work by furnishing finanecial aid. ) L:‘/_
! t The offer of the Arizona people is comparable to that of the California Water e
cff and Forestry Association, which has paid one-half of the field expenses of similar N l-IL
g i investigations in California during the past year. . | For
;‘ : . Mr. Fowler, after presenting his letter of November 20 to you, and having a i 7
i personal conversation, filed in this office a copy of the letter. In view of the i
: necessity of beginning work iinmediately, while the climatic conditions are favor- | (
! able, I authorized the beginning of this Arizona work, and will have it pushed ot
Ly forward fo completion if it continues to meet your approbation, as I understand 3
il informally that it does. i ‘-'/
i The work now in hand consists of a thorough examination of the drainage basin : ;/.‘_,
- r of Verde River, the gaging of the streams, and the determining of the water sup- 34 |
i ply; this Jatter involving the survey and examination of possible reservoir sites. 7
i . After this is completed, it is possible that work will be continued on the Salt 3 o
River above the Verde. . =
| %
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pAVIS.] " WATER-STORAGE COMMISSION. 11

Accordingly, carly in January the investigation of the McDowell
reservoir site, near the mouth of Verde River, was begun.  Measure-
ments of the flow of the river were also begun at once, and borings
were made in order to ascertain the nature of the foundation for the
proposced dam. While the borings were in progress surveys were car-
ried on to determine the eapaeity of the reservoir and the cubical con-
tents of the dam. The work at the MeDowell dam site was concluded
on April 20, when the public funds available for the work were almost
exhausted. About this time the water-storage commission was
appointed, under the act of the Arizona legislature, as follows*

No. 65.

AN ACT to authorize any county in the Territory of Arizona having an assessed valuation of
eight million dollars or over to prepare plans and specifications for a storage reservoir or
reservoirs, dam or dams, to acquire the site for the same, and to provide.the necessary funds’
to defray the expenses incurred.

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

SkcTION 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 thisact by
complying with the provisions as hereinafter provided. The board of supervisors,
upon the petition of fifty qualified electors and frecholders of said county, shall
request the district judge in which the county is located to appeint a board of
water-storage comnissioners, and the judge shall within ten days thereafter
appoint five qualified electors, who shall be resident freeholders of said county,
who shall be known and designated as the board of water-storage commissioners.
Fach of said commissioners shall hold office for one year and until his successor
ix appointed and qualified. Before entering upon the duties of his office he shall
wive 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 shall
vrganize by the election of one of its members as president. It shall also elect a
secretary, who may or may not be of its number. The compensation for the
members of said board shall be five dollars per day for each day actually employed.
They shall also be allowed their actual traveling expenses. The salary of the
secretary shall be fixed by the board. The board shall establish and maintain an
office at the county seat of the said county. It shall be the duty of said water-
storage comunissioners to examine reservoir sites, cause to be made surveys and
soundings, determine the capacity and estimate 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
witer available for storage use in said eounty for irrigating pnrposes; to provide
for the accumulation of such other information as may be required therefor, and
cause abstracts therefrom to be published in some newspaper published and of
zeneral cirenlation in said county; to employ and fix the compensation of a com-
Prtent engineer or engineers; to prepare plans, specifications, and estimates for
~tid reservoirs and dams and file a copy of the same with the clerk of the board
1 supervisors of said county; to employ and fix the compensation of legal counsel
in any matters arising under this act, or necessary to authorize the construction
of the dams or reservoirs referrcd. to in this act, and to select the most available

s TeseTvoir site or siteg, and' to acquire the same, together with any rights of way

Tecessary over public or private property, by purchase or through eminent domain,
1o the name of said county of Maricopa,and for the benefit of the people of said
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12 WATER STORAGE ON SALT RIVER, ARIZONA. [50.33

county; and to negotiate with and obtain agreements from canal companies in rela.
tion to the distribution of water or its delivery to the voint of ultimate use, and t,
cooperate with or contribute towards the expenses of any investigations now beine
made or hereafter to be made by the United States Geological Survey, and to
! transfer to the National Government any reservoir site or rights therein or theret),

i or connected therewith, which may have been acquired hereunder, in the eveny
2 E that the National Government should undertake the construction of the reservoir,

N Srkc. 2. For the purpose of defraying the expenses of the board of water-storag:
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 1903
levy an additional tax of one and one-half mills on the dollar on all taxable prop-
erty within the said county, to be collected asother taxesare collected; and the same
shall be denominated and known as a water-storage fund. The board of water-
storage commissioners shall audit and approve all bills for expenses incurred
under the provisions of this act, and present the same, together with the claims
for their salaries and expenses, to the board of supervisors, who shall, if found
correct. pay the same out of any money in the water-storage fund.

Suc. 8. All acts and parts of acts in conflict with the provisions of this act are
hereby repealed. g
P SEc. 4. This act shall take effect and be in force from and after its passage.
Approved, March 20, 1901.

et

R e
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The water-storage commission consisted of J. T. Priest, Charles

f

' Goldman, W. D. Fulwiler, Dwight 13. Tleard, and J. G. Peterson.
! Arrangements were made by which the officers of the Geological Sur-
b vey were to prosccute investigations at the reservoir site on Salt River
at the mouth of Tonto Creek, with the machinery and camp equip-
; i.!' ment of the Geological Survey, the water-storage commission to fur-
» nish subsistence and to pay the laborers and incidental camp expenses.
i Borings and surveys were carried on for about three months, result-

ing in a thorough knowledge of the foundation conditions for ‘a high
dam, the cubical contents of the same, and the capacity of the reser-
voir site for each 10 feet of elevation above the river from 10 to 20¢
P © feet. The results of all thesc investigations and the plans foundel
: thercon 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 ITills and Black Mesa.  The prineipal tribuw
taries from the cast are Dragoon Fork, Oak Creck, Beaver Creck, Clea
Creek, and East Verde River.  All are of considerable length and com

. from mountainous country, with relatively high rainfall, and furnisk
the main portion of its waters. The only tributaries of consequencer
from the west are Walnut Creek, near the head, and Granite Creck.
which rises near Prescott and tflows northward.  These ereeks are ust-
ally dry. The total area drained by the Verde is about 6,000 squarr
miles, ranging in altitude from 1,250 fect at Camp MceDowell to ove!
8,000 feet. The topography of the basin is widely varied in character
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DAVIS.] .. VERDE RIVER AT M DOWELL. , 13

Near the headwaters are Big Chino, Williamson, Little Chino, and
Lonesome valleys, each of which is an extensive pl.un yielding little
run-off to the river. The greater portion of the basin, however, s of

a mountainous character, being cut with profound canyons and .

dotted by rugged mountains. Only a small proportion is wooded
and the soil is kept nearly bare by excessive grazing.  As might be
expected, the run-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 ITudson Reservoir Company from February 4, 1895, to July 31,
1396; and by the Geological Survey from April 20, 1897, to November
30, 1899, and during 1901. The balance of the record from August 1,
1883, to January 1, 1901, is derived from the record of the discharge
of Salt River at 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 McDowell.

[Drainage area 6,000 square miles.]

Discharge in second-feet. Run-off.
Month. ’ | Totalin | Second- i
. . e acre-feet. | fect per | Depthin
. Maximum.; Minimum.| Mean. square | inches.
mile.
Angust .. 172 10,547 0.03 0.03
September . 168 9. %6 .03 .03
October ... 166 10,178 .03 .03
November . 2,830 421 25,050 .07 078
December. oo oo e 21,745 3,349 205, 964 .56 . .645
The year ... iiie coeeameccec)ececcee il 261,785 oo 5 de s simd
1889.a
danuary ... 10,480 699 2,498 153,611 .42 .48
vl»ru'n) R W) 690 1,172 63,059 .20 2
March . = 13,180 1,300 3,411 25, 749 57 65
-\l'rll —a- . , 112 4% T 47,302 (4} 10
May . i 118 T 197 12,141 03 03
Jutie. . 185 107 141 8,390 23 02
July . 551 140 A 12,819 04 04
-\"».H. N 370 191 2AM 12,554 03 03
Sentember . » 562 187 2% 14, 880 04 (3
S tober (L. - 352 160 220 13,530 (X (15
November R 315 26 238 17,136 04 .04
becember .. 0ITITIIITIITIITT 12,686 219 2,843 174, 845 .67 7
The year ._.; ................ 18,180 107 1,018 | 742,028 . .18 2.43
" 18%0.a '
AMUATY L aans 6,615 578 2,002 128,685 ) .40
i‘-‘hnmry 64,480 470 4544 932172 6 o
- March 6,719 1,001 ;:, 504 153, 967 62 Wi
April 415 274 38 21,806 .06 .07
Hay. 260 120 174 10,650 03 .03
_,jgu;- - 2002 119 B3, 1-'1 03 )
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T Y TN T T TN ST

gy

LS
‘
}

3
EE;

SN Nt

NI




S e e
SRR e

oy

R G R
e

i e e e £ 0 5

3
%
z
"
7
4
4
i

PRy eer

i 2

A e

sk LI A

14 WATER STORAGE ON SALT RIVER, ARIZONA. [No.73.

.

Estimated monthly discharge of Verde River at McDowell.—Continued.

Discharge in second-feet.

Run-off.

Total in | Second-

Month | :
. I v Lo s acre-fect. | feet per | Depthin
Maximum. Minimum.{ Mean. square | incles,
mile.
1890.a
September .. 1,769 348 1,123 66, 802 .19 .2
Qctober . ... 3,133 37 1,334 80,116 L2 K1
November 15,252 333 2,359 140,331 .39 43
December. o.ocooiiiiiiiaiiaaaaann 15,183 555 3,130 192, 464 .62 .59
i o 64,450 | 119 1,606 | 1,186,843 218 3.69
1891.a
L JANUAYY - i eciieeaann 7,193 445 1,435 83,244 22 .2
February. 135,000 B! 17,467 970,051 2.91 3.3
March .. 3,460 5% 1,928 118,535 .32 i
April .. f 459 534 31,775 .00 .10
361 365 458 28,19 .08 (11
539 280 401 23,849 07 1]
405 252 314 19,291 .03 13
363 251 . 28 17,113 05 %
631 229 395 23,478 .06 (i
310 231 28 15,833 SO o
314 231 256 15,233 .04 04
316 204 32 20,163 .05 o
135,000 229 2,004 | 3,371,760 332 4.2
JANUALY . aiiciaaaa.. 17,453 .05 06
February.. . ....
March.._......... ,
i& pril oo
AY wcmmmmmimasamic
Jupe......._......
July oo
August ... __.__
September ...
October ........_.
November _._....
December. . ..cccoecoaiainaan
The year ... oeceeceesfeccaceccae e e aaeacaaas
1593.a
January. ...l 231 231 14,204 .04 .04
February......... 4,781 248 672 37,313 A1 A1
March._____..__._. 144,306 230 5,356 331,168 A0 .0t
CApril oo 95 141 290 17,244 .05 05
BY e e caamaeaan 320 64" 150 9,253 .02 K[
June..... ... 106 44 6. 4,02 .01 .0
July oo 478 117 25 13, 842 L4 AH
August ... 1,240 233 802 49,321 .13 15
September . ___. 1,164 234 530 31,532 .09 19
October ._...... 244 276 316 23,120 .06 07
November ... 339 280 206 17,618 05 1]
HE ) S — 25 313 315 19,333 .05 i
The year «ooocemneannnnn. 144,306 44 8 563,000 13 1.7
1894.¢
JANUATY - i i i iiec e 204 231 244 .04 Kt
February ... ... 284 236 250 04 L0t
MAYCR o cvedvssomsmsssos = 0906 205 530 [1.4] 10
April L ... 260 95 171 +O2 A2
May ccciecsiciioonoans 8! 60 63 .01 ol
JUNO e e ioaan 133 G6 59 .01 .0
B )11 5 S . 223 66 119 .02 Rix
August .. ... 923 140 4:39 07 AR
September . _......... 715 139 A2 05 Ny
» OetoboY cvnvrva e 714 12 242 04 U]
November 303 207 230 .04 o
December .. 820 P44 442 07 (]
The year 923 60 259 4 M

a Obtained by taking proportional part of discharge of Salt River at Arizona dam. .

b Approximate, from minimum discharge recorded for same months in 1o,
. _eObtained by taking proportional part of dischargeof Salt River at Arizona dam. Using Mr.
Trott's computations,

.
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e Dowell.—Continued.

Run-off.

>: Total in | Second- .

i acre-feet. | feet per | Depthin

! square | inches.

t mile.

b en,am .19 21
N, 116 .02 02!
140, 331 i 43
192, 464 .52 .59

1,186,843 278 3.69

: :
88,244 .22 .25
970,051 2.0 3.03

1

ver at Arizona dam.
nonths in 1000, i
et 8t Arizorg dam.  Using Mr
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pAVIS.) VERDE RIVER AT M DOWELL. 15
Estimated monthly discharge of Verde River at MeDowell—Continued.
Discharge in sccond-feet. Run-off.
Month. . T()t)nl in S‘ocqml- i
Maximum.| Minimum., Mean. acre-feet. f;(;t;‘,%';%r I?ﬁlc)lt}ésm
mile.
1895.a
JANUALY - e eeeeeeeem meeneemmmneas . 33,000 521 4,087  248,2% .67 .77
February 5,800 583 1,688 93,747 .28 .29
March_ . 8,400 1,887 3,720 2R, 734 .62 .7l
April . 2,800 230 750 44,623 .13 14
May . 429 127 258 15,864 .04 .04
June 180 129 153 9,104 .03 .03
July . 275 116 145 8,916 .02 02
Augrust . 1,426 1385 359 22,074 . 07
September - 348 141 176 10,473 .03 .03 ;
October . ... 3,912 197 475 20,207 .08 :
November 1,800 241 463 27,550 .08 .09 ¥
December. oo eeeee e 851 345 391 24,042 .07 .08
The Year - coccecceenanaeann- 33,000 116 1,051 | 762,564 .18 2.306
4 1896. —
% January . - 354 314 324 19,923 .05 (13
Februar, 352 278 154 - 8,852 .03 03 .
38 258 276 16,971 .0 .06
27 206 20 13,090 .04 .04
2006 138 172 10,576 .03 L03
137 101 nv 6,962 .02 .02
g 3,350 9% 864 53,127 .14 16
’ 5,323 T2 849 52,213 .18 .21
4,466 252 557 33,132 06
630 301 452 27, 8% .05 .06
Novemberb . _ 747 334 492 20,306 .03 .08
Decemberd. .o oot 444 326 3H2 21,644 .04 .05 . &
The yeard. _..ccecceeacen.... 5,323 98 402 203,629 .06 .8 {
1897. “
Januaryd .. © 15,687 252 2,135 131, 474 .36 .41 5 &
February d 2,245 487 873 45,484 15 .16 3
Marchd.” 4,013 i 1,5 92, 492 25 .29 ? x4
Aprilb . 2,705 316 1,159 %0774 20 i A
May . 0 170 269 16,540 045 052 ¥
June. 185 120 150 8,920 (125 028 i £
July - 230 90 1 7,493 022 025 ¥ 5
August .. 1,590 110 439 £6,993 073 034 b o
September 5,000 240 902 59,028 165 .184 4 £
October ... 3% 260 309 19,000 051 .059 i
November . 265 260 262 15,590 044 049 [4 ke
December. ..o ceaeeaens 280 260 i 16,417 045 .052 £
The year .ococeecnancaaaens 10,687 20 710 513,705 12 1.61 : o
1898.
January. ... 1,680 120 15,556 .04 .04 g ¥.3
February 800 20) 27,546 .08 k.
March .. 1,535 210 39,201 1 13 i g
April 710 180 18,982 .05 f
Muy 280 130 11,314 .03 .03 £ .
June 160 130 8,27 .02 02 D
July . 1,890 115 19,861 .05 06 s i
Angrust . 1,730 165 24,595 .07 08 :
September 1,20 165 20,112 06 07 ;o y
IRTOber L eeanas 180 160 10,391 .03 03 & ek
3 November. . .oo.oioe oo 230 165 11,603 .03 .03 [ '
g December ... o . ... 440 220 18,631 .05 .06 1
k TR AT - oo eeeaee oo 1,890 115 226,153 .05 .70 i 5
1899. T 2
January .. 560 295 21,521 .06 .07 i
Felruary 35 %5 19,105 06 .06 i )
Marel 3% 225 15,987 .04 .05 h .
L R 2 170 12,198 .03 .03 g '3
May LI 210 O 118 9,346 .03 03 # 3
dune I 230 118 9,045 .03 03 : 3,
duly LI 1,400 118 22, 443 06 o7 4
Auguat T 2,170 100 %, 636 07 08 ;
September 177 T I 2,5(X) 135 21,243 .06 .07
Notber . R 3,77 160 33, THT .09 10 &
Sovember 0T T 250 235 13,240 03 10 E
Meember. L L 364 223 13,343 05 08 1 3
; , . 4 34
; The year ... oo, 3,770 100 217,914 0 68 $
. e = SLmTET ¥
i 4 ':_-minml by taking proportional part of discharge of Salt River at Arizona dam. Using Mr. ¥ { 4
: PALS computations, b Computations made from Mr. Trott's figures, e
>
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WATER STORAGE ON SALT RIVER, ARIZONA. [NO.%3,

Estimated monthly discharge of Verde River at MeDowell—Continued.

Discharge in second-feet. Run-off.
Totalin | Second- !
Month. i " . 4
Maximum.| Minimum,| - Mean, | #cre-fect. f:‘;tlﬁcg D"ell(;g::“
’ mile.
) 1%00. a .
January . 195 179 189 .03 .03
February 211 184 199 03 .03
1871 . 144 160 .03 .03
125 T4 88 01 .01
190 46 9l .02 A2
75 36 52 .01 0L
105 35 52 .01 01
55 63 151 .02 R
305 92 121 .02 -2
408 107 183 .03 R3]
2,469 163 430 07 .03
272 205 224 04 .0
The Yool iccsesccsias snnassna 2,469 36 161 116,679 025 .33
. 1901. b
January ... .o.oeoooieeao. N 1,557 - 259 351 21,575 .06 K
February 6,613 394 1,859 103,249 .30 .31
5 0}« R S —— 2,863 211 805 55,018 15 17
April ___. 221 155 184 10,988 .03 (3
MAY oo imsot madonae s amm e an 185 125 139 8,606 2 02
JUNe .o 164 59 164 6,222 02 (2
¥ 01 1 N, 1,430 29 210 12,4916 04 [
August .. 1,95 163 627 35,561 .11 .13
September _ ..o 172 45 93 5,514 .01 .01
L6701 74) ¢ RN 495 &2 134 8,210 .02 .2
November ... .. ._.___.____. 330 187 245 14,571 .04 L4
December ..o oo 201 247 268 16,485 .04 M
The Year .......occeeeeeen.n. 6,613 29 42 301,915 o7 .80
1902. ) :

15110 E: 262 197 224 13,785 .03 .03 -

February ... . ... 248 227 239 13,277 04 - 04

a No observations made during 1900 by United States Geological Survey. Computations made
from Mr. Trott’s figures. e
b Compututions mado from vbservations taken by United States Geological Survey.

Two storage reservoirs have been proposed upon Verde River. The
Horseshoe reservoir, which is described in Water-Supply and Irriga-
tion Paper No. 2, page 62, is situated about 30 miles above old Camp
MeDowell, ncar the mouth of ILimestone Creek. An outlet tunnecl
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 rescrvoir site is situated above Mount MceDowell, 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. Frank P

Trott, the water commissioner of Salt River Valley. .
. BORINGS.
Early in January, 1901, field work was begun by the Geological

o

ewmp e

Survey, and an examination of the MeDowell reservoir site on Verde -
River was made. Two pipe-driving machines and a diamond drill |

wore taken to the ground, and borings were begun to determine the

position and character of bed rock at the site of the proposed dam, Mr. .

W. Y. Jones, of Des Moines, Towa, being employed as drill foreman,
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'g Run-off. S
[ a' -
tatin | Second-| ) L
o-feet. | feet per Depth in ~
squaro | inches. g
mile. -
T £ i
.03 .03 . .
03 .03 2
-03 03 & Sk
.01 .01 @ . :
.02 02 & g
.01 .01 5 £
.01 .01 H g _ {
02 02 « : -
.02 02 &
203 .03 ) ’
.07 .08 :
.04 o :
116,679 0% 3§
21,575 .06 .07 ;
103,249 .30 .31 :
55, 018 15 a1 £
10,988 03 03 i
8606 02 02 5
6,222 2 2 :
12,916 -0t 0t :
36561 1 13 :
5,514 .01 01 3
&,210 R 02 5
14,571 .04 04 2
16,455 .04 04 ¥ X
wiaal o ] s i
s 00, N0 <
T R i’ :
13,75 03 03 & ]
13,2i7 .0t 0k o % :
- 3 3 : 3
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DAVIS.] M’'DOWELL RESERVOIR. 17

Mr. C. R. Olberg was intrusted with the construetion of a map of
the reservoir site in 10-foot contours, on a scale 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 ineh.  The field work was under the general direction 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. ITamilton. *

The borings began by attempting a straight row of holes along the
axis of the dam proposed by Mr. Trott. The conditions 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 assistanee of blasting, but which was
not sufliciently eoherent to be classed as solid rock.

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

(‘»nu:nx interval 5 Food

Fi16.1.—Plan of bormgs at McDowell 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 location, 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 |
W feet without striking rock. This was considered a prohibitory
depth for this location and the machinery was returned to the first
location to continue the exploration of the main line. This was com-
bleted on April 20.

The location of the borings on both lires is shown ir fig. 1. The

“lepths of borings are shown in the table following.

1RR 73—02.
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WATER STORAGE ON SALT RIVER, ARIZONA. [No.73,

Borings at McDowell dam site.
* Ay Distance,
Depth
from Total ' Character of bed
Holo.number. bench t;’ogﬁd depti. rock. H
mark. | Fo¢% ; i
H
Feet, : :
22 | Granite. d
33 | Rotten granite. 3
¥ | Broken granite. a
9 0. H
50 | Granite. :
46 * Hard gray granite. >
63 | Broken granite. a
26 | Granite. E
9% | Nobedrock reached. 7
50 Do. £
3 <
¢ *
JAPACITY. :
Capacity of McDowell reservoir. ;,
Etl’gva- Er
. N 10n . e
N above Capacity | mota) -
lowest | Area of capacity #
P founda- section. - : i
: ’ - : tion. £
- . Feet. Acres: | Acre-feet. | Acre-feet. z«
: 100 14 70 70 &
i 110 91 525 595 :
i 1 331 2,110 2,705 !
130 917 5,240 7,915
40 | 1,003 8,450 16,845
130 | 1,661 13,670 30,565
160 | 2202 19,765 5, 330
170 | 3,13t 27,13) 7,460 :
E: 180 4,03 35,840 113, 300
; 190 1990 45120 1 158420
: 6,020 55,050 | 213,470 -
3 210 | 7,213 66,165 | 279,635 :
5 P 220 | 8493 |l ¢
E
‘ . .+ PLANS FOR THE DAM. 2
2 o ) T ' 3
33 ! The map of the reservoir site was made on a scale of 1,000 feet to
L3 b an inch, with a contour interval of 10 feet. A reduced outline of it is
45 given in P1. IV. The map of the dam site was made on a scale of 100
v . feet to an inch, with a contour interval of 5 feet. A reduction is shown
i in P1. VII.
R : 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 eemented 3
. mixture of sand and gravel, which would be very expensive to exca- ¢
! vate in case & masonry dam was constructed, but is sufficiently firm P
; . : A )
i to serve as foundation for a rock-fill structure. The cost of a masonry g
o ! _ dam would be prohibitory. The moderate height, the great length, and .
N the abundance and convenience of suitable rock are all additional 2N
: 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
d - 4
2
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pAVIS] M'DOWELL RESERVOIR. : 19

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 scems to

enter the hill on a nearly horizontal grade.  The hill abové the granite,”
which constitutes the upper 90 feet of the abutmment, is composed of
an indurated mixture of coarse sand and gravel of the same character
as the foundation deseribed above, too hard to excavate with a pick,
but not to be elassified as rock, and inelined 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 conecrete core is to be
carried into the hill a distance of about 300 yards, where the hill
becomes over 1,000 feet thick. Supposing this core to be 6 feet in
thickness, the excavation and masonry would cost about $600 per run-
ning yard, and hence would add $180,000 to the cost of the construe-
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 eement conerete, well rammed 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 eomposed of ordinary sand
and gravel to a depth of about 30 feet, when the compact cemented
gravel is encountered. The depth to bed rock is about 90 feet at the
deepest point. It is proposed to carry a concrete wall down to bed
rock across the canyon, at the upstream toe of the dam. This wall
will be 35 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
type, the upstream face to be on a slope of 1in 2, and the downstream
slope 3 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 considerable height, which
will serve to ram it solidly in place, and it is believed very little sct-
tlement will oceur. On the upstream face is to be a wall of rubble
masonry resting on the concrete 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 slove of 1in 2,
will be placed, at intervals of 20 feet, a series of 7-inch steel I-beams,
cach extending from the bLottom 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. Tho space between the steel plates
and the masonry will be filled with concrete tightly rammed. The
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20 WATER STORAGX ON SALT RIVER, ARIZONAL . [vo.w

concrete and rubble walls will unite at the ends with the concrete

core, which is to be carried into the cast abutment, as above deseribed.

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 Pl XNXII. 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 eapacity 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 earried 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 checked by driving sheet piling down to the bed of indu-
rated gravel, with which 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.

SPILLWAY PROVISIONS.

The greatest flood that ever occurred in Salt River Valley since its
settlement occurred in February, 1891. It is deseribed in the Twelfth
Annual Report® of the Geological Survey, as follows:

On February 17 the mean discharge was 8335 second-feet, increasing the next
day to 154,000 second-feet, and on the 19th to 276,000. This first lood diminished
rapidly, averaging on the 20th only 69,100, and on the 224 14,890. This was fol-
lowed by a sccond swell greater than the first, the flood increasing until, on the
24th, a maximum of 300.000 second-fect was reached. This subsided almost as
rapidly as it camne, 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 rescrvoir., A
smaller drainage basin is, however, liable to a relatively higher flood
discharge than a larger one, though the floods are of shorter duration.
It i therefore estimated that the basin under consideration may dis-
charge a flood having a maximum volume of 200,000 cubic feet per
second, or two-thivds that of 1891 at Phoenix.  On the above assump-
tions a maximum flood has been hypothecated and the hehiavior of the
rescrvoir under the circumstances investigated. It is assumed that
the reservoir is full up to the bottom of the spillway, and that a great
flood discharges 100,000 cubie feet per second on an average for one
hour, and increases its discharge 10,000 cubie feet per second during

aTwelfth Aun. Rept. U, 8. Gool. Survey, Part II, p. 813.

e o

—— AR

v




{~o. 73.

the concrete
e deseribed.
through the
es, similar in
o1 TeSCrvoir,
e bottom of
we, the gates
charging the
V.
wy diversion
yve the dam
ed along the
vhere granite
probably be
bed of indu-
h of about 30
the discharge
bhe removed
- scason, and
rage and dis-

ley since its
n the Twelfth

easing the next
lood diminished
. This was fol-
1g until, on the
isided almost as
as carrying less

n was consid-
reservoir. A
v higher flood
rter duration.
ition may dis-

cubie fect per |
thove assump- .

chavior of the
assumed that
«l that a great

verage for on¢

:econd during

[

U. 8. GEQLOGICAL SURVEY

WAYER-SUPPLY PAPLR NO. 73 PL. iX

B

~ - e 0.y . s
CAPE HORN, 54L7 RIiVER CANYON, SHOWING UFSTREAM DIiP OF STRATA




i e e B e R R e e g g s s SR Rl

L

DAVIS.] M’DOWELL RESERVOIR. - 21

cach hour for cleven hours, at the end of which time it has reached
its maximum wave of 200,000 cubic feet per second. The discharge
then deereases in an arithmetical progression for twenty hours at the
rate of 5,000 second-feet per hour, reaching a discharge of 100,000
second-feet as a mecan 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=II? 3150. Assuming that the gates will be opened to
their full capacity when the spillway begins to discharge, the ciffect
on the reservoir of the hypothetical flood is shown in the following
table: .

 Effect of maximum flood in MeDowell reservoir with sptllway 900 feet long.

Q=H%3150.] ‘ .-
Inflow. Outflow. :
. Eleva-
Hour. 3 Netrise. s
s‘t’%g’tld’ Acre-feet. S‘f’gg’t‘d Acre-fect. tion.
Feet.
100,000 6,289 1.29
110,000 3,147 1.28
120,000 1.26
130, (00 1.21
140,000 1.15
150,000 1.09
160,00 1.03
170, 00 7
180,000 .91
100, (X0 .86
200, () 81
195, (0 62
190, 000 .46
185,000 .33
180,000 1 0 22
175,000 14, 4!.0 .14
170,000 .07
165, (K0 .00
l()ﬂ (131 5 - .04
5 162,597 — .08
31, 76 - .13
- .15
— .17
- .19
-.21
— .22
— .24
- .2
- .26
— .27
— .23
........................ 187,975 R e

COST.

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

Estimate of the cost of the-MceDowell reservoir, on Verde River, with capacity of
186,000 acre-fect.

245.875 cubic yards rock fill, at 80 cents a yard. ... ...ocooeiiiianonn.. $596, 700
+*%155 cubic yards dry-laid rubble, at $2a yard ... . . .. ..... 156,310
1865 feet, or 117,975 pounds, I beams, at 7 cents a pound ... __.___ it 8,258

10,680 square feet quarter-inch platos or 1,434,936 pounds, at 7 cents
L T O 100, 445
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22 WATER STORAGE ON SALT RIVER, ARIZONA. [X0.73,
Excavation, 58,667 cubic yards cemented gravel, at 31 a yard . ... ... $58, 667
Excavation, 125,000 cubic yards sand, at 20 cents a yard ... __.....__. 25, 000
5,210 cubic yards of concrete, under steel apron, at $10a yard..__..___ 52,100
18,792 cubic yards of concrete in toe wall, at $10a yard. ... _._.__.___._ 187,920
Diversion of river - . e maaa. 10,000
Outlet, gates, tower, etc - .- ... iiiceaiaaa. 20,000
Concrete core wall to be carried into east abutment ... .. ______.____. 180, 000
Engineering and contingencies, 13 percent. .. .. . _....... 209, 331
Right 0f WaY < soermn=simsanass soasr rossin s basmes eesiiis ta e 558 stinn fas s 20, 000

1,624,731

Cost per acre-foot capa(_:-ity, §8.74.
WATER STORAGE ON SALT RIVER.
CHARACTER OF DRAINAGE BASIN.

Salt River, though nominally a tributary of the Gila, really brings
far more water to their junction than does the Gila. Though it drains

-a smaller area, its basin is much higher and cocler and receives an

average precipitation 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 itsmouth - . eaaa. 12,700
Salt River at Arizona damy .. . e loaae. 12,260
Verde River near its mouth______.__... .. ...__. S S SN 6,000
Salt River above mouth of Verde. ... .. ..o 6,260
Salt River at damn site below Tonto Creek ... ... .. ... _._._..... 5,756
Salt River between mouth of Verde and Tonto dam site...._. TR - 504

The clevation 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 fect.

Rather peculiar conditions exist in Salt River Basin, which favor a
large water supply relative to its drainage area. In a previous pub-
lication the writer has described these conditions, as follows:@

The southern portion of the Territory may be again subdivided intotwo portions,
that draining directly into the Colorado and lying to the westward of Prescott,

- and the greater portion to the south and east, which forms the great Gila River

system. The Colorado platean is partly of igneous origin, and a great portion of
it is somewhat pervious to water. Its northern slope for a considerable distance
from the summit is very gentle, and though the precipitation is greater than in
most portions of the Territory, it is very meagerly marked by drainage lines and
almost destitute of water. Sharply contrasted with these facts are the conditions
on the southernslope. Here, through most of its course, the plateau drops off with
a very steep slope, which is deeply cut with drainage lines in which are living
crecks and rivulets of clear, beautiful water, such as San Francisco River, Black
Creck, Bonito Creeck, White River, Carrizo Creek, Cibicu Creek, Box Creck, Cherry
Creek, Tonto Creek, Wild Rye Creek, East Verde River, Pine Creek, Fossil Creek,
Clear Creek, Beaver Creck, etc.

aIrrigation near Phoenix, Ariz.: Water-Supply and Irrigation Puper, U. S. Geol. Survey, No.
2, p. 15.
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MAP OF SALT RIVER VALLEY, SHOWING CANALS AND IRRIGATED LANDS.
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