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ExcawLtion, ~8,G(j7 cnhic raTas cl'lllcnf('(lgfllypl, at $1 a yarl1 _.. •.
Excavation, 12.i.OOO cnhic yards sand. at:!O CCllt~ a )"an1 ._ __ .•.
fi,2JO cubic yards of concl"<Jt€.', nndl'T stt'~l apron, at $10 a yard .
18,793 cHuia yards of concrete in toe wall, at $10 a )·m·tL .
Divert::ion of river .... __ . _ _. __ .....•.. _._ ..•.• _ . ._._
Outlet, gates, tower, etc _.. _. __ _
Concrete core waH to he carried into e:u;t abutment _. _ .. _._
Engineering aml contingencies, 15 per cent. _. . . :
Right of ,va)' _ . . _ __ . _.. _

WATER STORAO}; ON SALT RIVER, ARIZONA,
!,[XO. i3.
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52.100

18j,!)~O

10,000
20,000

180,000
20lJ,331
20,000

.' .... '." . '. : . ..: ~

22

J~(
"

. ".", ,,~.~ ..~;: ";.. _ • .;.,,·;,..~..lJ·-"'·· • ,
. ., ,

-'w ,"._.", tt-*'df .. · -jS'~ -. dd1t

.-.·..Wit,

.-,

Area of d-rainafJe lJfu,in of Salt River.

GIrrigation 11CIlr P1lOcnix. Ariz.: \VnlC'r·SUIJI,ly u.nd Irrigation PIl]l(Or. U. S. 01.'01. Survey, No.
t, p. 15.

Salt River, though nominally a tribut·al'y of the Gila, really hrings
far more water to thcir junction than docs the Gila. Though it drains
'a smaller area, its basin is mneh higher nlH.l cooler antI receives an
average jlrecipitation far bcyond that of 1,]10 Gila Basin.

Tho dl'ainnge basin of S.l.lt H.iveI' and its divisions is about as
follows:

!
t
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1,624,731
Cost per acre-foot capacity, 88.74.

WATWt STORAGE OX SAT_1' RIYJ·:n,

CHARACTER OF DRAINAGE BASIN,

Square miles.
Salt Rivcr at its mouth __ • . . • . 12,100
Salt Uivcr at Arizona dam • •.• .••• _. A •• _ ••• _ 12,260
Verde RiYer ncar its month . _... __ ... ._0 _. .. 6,.000
S.·dt Riyer above mouth of Verdc._. .. . A ._____ 6,200
Salt River at dam site below Tonto Creek __ . . __ .. . __ . ._ _ __ 5,756
Salt. River botween lllotlth of Venle and Tonto dam site .. . _... '. 504

The elevation at the mouth is about 1,000 feet, while some of the
"jlcaks at its headwaters exceetl 10,000 feet, in altitude, the Jlighest,
Th~'mas Peak, being gin~ll as 11,4-!)~; fect.

Rathel' peculiar conditions exist in Salt Riyer Basin, which fnyor a
large water supply l'elath-c to its drainage area. In a prc"ions pub·
licatioll the writer has described t.hese conditions, as follo\\"s:/I

Tho sonthcm portion of the Territory may he again sllbflividcfl into'two portions,
that tlrainillg dircctly iutu the Colorado and lying to the w\.'~twanlof Prc"cott.
and the greater portion to the sonth <lml east, which forms tlw great Gila Rin'r
syst.em. Tho Coloracl0 plateau is partly of ifnlcons orih--in. and It great portion of
it is somewhat pcn;ous tu wateT. It:') northcrll ~lopc fur a t"oll!'lillcralJle dbtauce
from Ute summit is n:Ty g"cntle. awl thong-h thc precipitation is greater than in
most ])Ortions of the Territory. it is very In('agerly Illarked hy tlrailla;;o lines awl
almost dcstitntc of watt:r. Sharply contra;-;tetl with tht·!oic [a(·t1'\ arc the conditions
on the sonthern i"ilopco H('re, thron~hmost of it~ eours(o. tho plateau «rOllS off with
a very steep 810110, whit:h is tlecply cut with 11raill:t;.rlJ liHe~ ill which aru liviug
creeks nJHlrivnlct!; of clear. ht'nnlifnl water, ti1H;h as San Francisco Hin.lr, Black
Creek, Douito Creck. \Yhitc Riyer, C;u'rizn CrC'ck. CiLit'u Crpt·k. Box Cret'k, Cherry
Creek, Torito Crc('k. \VUll Ryu Cn'ck, East Venlc Rivero Pine Creek, Fos.-;il Creek,
Clear Creek, U('a"cr Crl'ck o etc.
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OUTLINE OF SALT RIVER RESERVOIR SITE.
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DAVJ8.) WATF.R BUprIS. 23

The region of hig-h allitnc1<,. as before remarked. lies larg-ely north of thl' didc1c,
wllile the gl't'at lmlk of tlH' wah'r flowing fTOm the l'latean, a~ proyt'll both by
('Tosioll of (lraina:;e lim's OIlIIl hy tht· yolnmc of permanent stn·allls. flows away to
the south. The explanaHon of this is partly thl' porosity of tIll' 1'trata l'omposillg
the plat{'an, which allows the watcr t.o sink illstead of flowing- off tht: snrface.
Ollce undcr~.,.omul, its eo"1'eSs to t1w south is fayort....l hy the shortt'r' distance
which it must percolatc on a. hrinm b'Tade before reaching a snrfac(~. line to the
more ahrupt slope.

Another partial explanation is found in the meteorolo.!..,'ica.ll"ollllition. The mois
ture of this l'e,;don is hronght from t.he Pacific Ocean allll t.lw Gnlf of California
bj- the'prevailing sonth\"egt wind. As this wi1ll1 a~Jltl!'j the ele\Oatiol1s toward

, - the ColoTa<10 Plateau its tempt·rature is lowert.'(l, which n·f1nl·es its capacity for
holding moisture and incrcages its re]ati\"c humidity. 'Wht'n thi~qnantitr reaches
100 per cent in auy part, precipitation occurs. This inlluenc(' continnes until the
\\;nd pa~s the s'lUllmit, where the process is rcycrsed.

As might he expected. therl'forc, the hj"drogmphic resources of the conntry
immediately sonthwe~tof the Colorado Platean arc disproportionately great when
compared ,,;th tho8e to the llorthwarll. For instance, the pre-cipitatioH at Fort
Apache, as flhown by fL mean of twenty years' obseryatiolls, is 19.i,) inches, the
ele'-ation bt!ing 5,0.-,0 fN!t, while tho precipit.ation at Holbrook, at an j.:'lc\'ation of
5,047 feet, on the northern slope, jli S.-li im:hes, as indicated lly the lIu."nn of ten
years' obscnatioll~. This isan important fact. especially when taken in conJl(·ction
~;th the fact that the great areas of Yalley bUll ,dth a semitropic climate lie in
the southwestern portion of the Territor~·. anll arc ea~ilr co'"erecl by' the streams
which are formefl by the cOllllitions above t1f'S(~ribed, and which constitnte the
main features of the h'reat Gila Rh"er system.

The topography of the basin of Salt Hi,·er propel' aboye the mouth
of 'the Verde is nearly all of a rough, mountainous ehfil'act,cr. The
chief tributary above this point j~ Tonto CrC'ck, nnd about half a. mile
below this' stream Salt River E'ntel":;:J.. profound canpm, with prccip
itous sides and narrow bottom, in which is locat<·tl the proposed U:tlll
site. The Salt and Tonto hoth occupy comparatively open valleys
above tllis gorgc ano have a moderate falL The ('01ll1,inrt! C'{feet is
one of the most ('apneiolls l'cservoirsit.es in the ""cst. The dam might
be built, to a llCight of 300 feet or morc, if such fI, height woro justified
by the water snpply.

WATER SUPPLY.

The only available rainfall observntiollS in t,he basin hibuta-ry to
the propos(,.>(l reservoir aro those at Pn.ysOll a.lul Camp Apache. The
reC'oJ·a at Payson is so short and broken tha,t it is of 110 rea.l yaluo in
t.he disenssion of t·lle watol' supply, Sf) only that of Camp Apache
remains. FOl'tullat,ely thiH s{,ation is lot'ated n~al' the eentlll' of the
lJasin, nuu Ole recol'd is l'cliahle a I1fl COIll plete from 1S71; 10 (lat.e-abotJ t
t.wenty-six years. Thig affords excellent JIleans of o1JtaiJlill~ monthly
und annual m.i1xima, miniJna., awl means nt. this poilll, whi(~h, so far
n~ known, may be nS5umed 10 represent au average of the entire
basin as nearl.y as an.)' one poiut that might ue .selected.

.'.
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Prccipitatiol/, in inchc~, at Cumj> Apache.

WATER RTOnAaJ<~ O-:f RAT.T IUYEH, AltIZONA.24

l\Icasuremcnts of the flow lleftr the dam site below TOlltO Creek
wore begnn in Fehruary, 3901, find are still continued. 13esi:lcstr.ese
there fire l'C'corus of fio\\' of Salt R-ivcl' alJo\-e the mouth of the \~t.:rue

from April, IS07, to Xovellluer :30,1800, nnd of SnIt HiveI' Lelow the
Verde for several previous yea('s n.nu for IDOO. The measurements
below the V·erdc m'o made in the various irrigation canals. 'Vhen
there was a, surplus of water, thero was llO necessity for ~ccul'ate

measurements, and at such t.imes the result::; a.re only approximate.
They arc, however, for a considerable pel'ioll the only availa.ble rcc·
ords, and are considercd sulliciently aeCllrnte to justify their lISC.

To render antilaiJlc the lattlJ1' reconls in estimating- the water sup
ply to the proposed reservoir, it is necessary to determine tho Pl'o~

portion of water received from the Yel'l1o and Salt.. Fol' this purpose
tho records arc taken where these two st.reams were separately
observed, and the ratio of each stream to their sum is computed month
by month, with results as giyen belo'.... :

,

Ir
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Proport-lon of totuZjlow of Salt wul17ade ,·it·ers discharoed Z'y Salt River.

I I I I I I I -" II An·.
___Y_cA_r: ~ Feb. Mar. AIU·. MI~y.tmo. ~ulr. An~. :I:.~J~·I~~: ~ ~:~!~

-187-,6-,.-.-..-.-._... __ . __ o.re 1.12 2.0'2 O.~ O.:!t.i Il.~ :).20 v,:! 12.00 2.H 1.fU 0.2'"2 i !!l.74
JSn_ .. .. .•..• au .!l-l .':'2 .!~; 1.1:i I .(~) :-tH 1.:"~1 .!t!l ..--1 .]0 2.lIj i 1~U~1
]~ig•• _••• _••. _..• _ .1~ 1.Ri 2.H 1.•7 .I~ .7!l Io\.";"li n.:'J .';g .flO l.~lol ] H' ·!.'Ul
]~7\1•••.••.••..•.•. 1."~ 1.11 .ltJ .12 .00 .0;, :Ut~ H.m L·,:~ 2.1>4 1.";"7 2:H' 1,... ,·...
]&!O _ un .!l:J .:-1] ·1~ .!~ I .~(i ~·~9 l.~l J.', .;~i .0:1 2.:i.~: . 1-\.;-;-
1&11. _.•.•.. __ .. .20 1. 11 2.4:) 1. .•1 ..$:> . T. n.I.1 H.:fl iiAt ·u.-t .~ri J,·I al.lt
1AA2 __ 2.~ 2.~i 1.f1J .flt .\n :1.27 4.7\1 7.:\1; l.tJ'~ T. :!.JH .2:1 tT.l;t
11:\1:I.1 _ _.......• 8."i 2.41i 2.O:l .:!'2 .l'li .frJ 5.41; 4.:!Ii .01 11.:;\1 .1J'J :I.41'l ll.li:,
18&1 __ ._ .•• _. __ .. __ .6H 3.4:J 4.·j..t 1.fi7 un 2.:l;i .ll ii.W I.W 2.0:! W) r,.'-,2 :",'.~,'.'..!.!
]88:i.. _•... __ •• _••• .f~! Lm 2.n) .i;t 1.J:! .!it 2./;0 :(11; .H .:*'\ 1. iii; 1.41 ,~

188fi.•••.••..•.•••• 3.9:1 2.7:3 l.OG .U1 .W .HI l.!~) 4.';,', :un 11.Gl:i .iiG .~H 21.1.;
]887•• ~•••••.••••••. W 2.1(; .()4 .1'1 .n 1.':0 :J.:~,J 3.!l"J 2.:":l .[,., l.l':l '~"; }7.l'l4-
]888 _. 1.42 l,l'q 2.!'l'J .71 .•1 '1', a.tol [UU] .::2 1.:!:.1 2.(;:1 2.~'l' lil.Il!1
19ffi.•••••••..• . 2.24 .88 1.~.•) .ol71· ".X> .11 2.1;; 2.1'7' 1.rt! I .~Ii I Ji, H.\t':- I . l7.W
]800.••. _•... _._ ... 2.21; 2.~O .~2 l.:rJ .W .W ;;.(1) ~_.H 2.:)7 2.11 2.l"5 OUt! :,.'U.'t
1891 ••••••• •__ . 1.6i) ~.1O .&i T. .:\1; '1'. 2.7:! l.t:! 1.~1 .00 .IX) .().-i l:l.:lIi
189'l_ .• __ .. 1 .6.'1 2.2':1 2.~J L:llj .;-;(j .Ji) 1.,'1 J.:~) l.:t.l J~i .;;7 .Ii!) 12.7r,
18!~L. . __ .. __ ._ .2rl 1.10 2.4;) .fO !2.1t1 .110 ~.,ii I :-Uil 2.1;;, .l~: .:!I' .10 l:"J.;1:'S
J!¥.l-L . . .l.24 .00 l.:-lIi .HII~.i!J .0>.1.27

1

".°.1 l.:-l;! ~.4-71' .{yJ :Ull 17.·H
]&.'15_ .• ... _.••• 1.8fl .i2 .(r! '1'. 1.00 .Ot 54- :i.4.1 1.liS :Uk! 2.:r., 1 '., 18.m
1b"JG_ •.• _••••• _••••• 16 .:i:1 •I'll .:{4 .W J>2, 4.:11 14.:iti 1.:.1-1 2.42 1 .77 ./;~ 1(;.11.1
1&1 . 2.23 1.~O 1.7\! .241 .:J-l .:i7 1).tO.

1

2.U7 :Ul , l.:lIJ .1):) .57 u.~t}
]8~ _ 2.76 ]JJO l.\l.S .roO 2.iO 2.W 4.:t3 U.:'"f.J .12l .In .:·Ii ..'l(l 20.;~,
]8!Y,} _••••• _._ 1.3:3 1.01 .1i .·n I .t~ 1.110: 4.:.i .!~; 1.;',21 .:'<2 .-;-1 l.GO 15.m
100) _ __..00 .2'J 1.15 1.";";; 1.10 .IX) I _82 Lin 2.m: .i7 4.SG T. H.14
1001. .. __ • ._. __ 2.87 2.00 1.20 ::''O! 1.];): .00 3.~ 11.45 .45! 1.:!2 .G5 1.1i-l) lG.!li
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A GORGE OF SALT RIVER LOOKING DOWNSTREAM.
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I lJ. SALT RIVER RE.SERVOIR SITE, LOOKING UPSTREAM.
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DAVIR.] WATER 8UPPI..Y. 25

The values thus ohtailH'a coyer t-he pCl'i()(ls from August 1,'1888,
to J)C('cmber :)1, lS!l4-, aml from Det'l'mhc..'l' .1, 18!)!), t.o Dcecmhcr 3],
1000. Ohscl'\'at-iolls of tlll' tlisl~hargc of SaIL Hi\'l'r aboyl' the YCl'dc
were taken <l il't'ct from Febl'uftry 4-, 1Sa5, to .Tuly 31, lSnG. D uri ng' HI is
period dirc('t OhSCTyaLiolls were made hy t.he Hmltion Hesen"oir Com~
pany, and fl'OIl1 ... \.pril 20, 1SfJ" to Xoyomhcr 30, 1::;[10, by tho Geolog
ical Slll'\"(~Y. The discharge from February 27 t·o Docl'moer 31, 1001,
was ohsern'tl at the rcscrYoil' site alHll'equin's no reductioll.

The st.Ql'age of flood waters on Salt Hiycl' will not only utilize snch
wntcrs by hol\ling them nllHl Ilrcdpd, but, \\"ill g'l'ca,tly illCl'Ca-Se the
utility of t,hc floods of the Ve-rlle Hiycl' by providing a much larger
irrigatetl area to receive sneh floods, and at t·}lC same time holding
baek the wntel'S of the SnIt as long IIg t.1", Yenle is able to fill the
reqnirements. An <'xaminntioll of the records shows that with snch
manipulation t.he Ver(le will usually linpply allreqnircmcnts during
the fonr months of Deecmbcr, January, Fehruary, <1.1H} )lal'ch, and
that. a "cry large proport ion of t.he flood wat-er'S of the Verde which
l~OW run to wast.e w'ollhl be thus utilized.

The l'CCOI'<1 since 1888 is taken in connection with thc proposed 1'es
erYoil' and GGO,OOO aCl'e-fect anuual consumption, awl from this a
ta-ble has hecn eonstl'ucted, showing what wonW take place if the
past exvel'icuc(.\ should be repeated after the_ construction of tho

. reserY-oir.
• un 11.0 'II' ,.u ..n 'II" un "to '"1 ,UI "" .... na, noo

i\ ji
,

Ii r:

Ii r\ I.' '
a '),_ '. 1.1\

I , , : bPACiTY O~ f/ESEFr/OIR! I fl4' ,000 ACRE FEET.. I I

· 1\ V \ '\ V Ie l/I

I. 1\ 1\ ~ \..
\ h \ ,

\ 1\
\ \ \
\ \ I, "

• \ \
I \

• 1.1

The (haillag-e area between UlC r('scr\"oil' ntHl t.he mout.h of the "'''e1'<lo
is neal'ly 10 per Cl'ut of the w1l01e area aboyc the Verde, and thel'e
felre to )'ell u~c the (lischal'ge of t,ile Salt, to t.hat intercept-eel at the
I'l'!':i{'rvoil', tho llischargc at thc month of the Yerde was I'ellnecd. by
ahout]O per ccnt, this PCl'c(lllt'age hl:ill:.{ I"lightly JIIodifietl according
to the HeaSOII. From the:-,(: dat,a alld eUlllplltatiolls tlw tahles of tlis-

FIG. 2.-Fluctllntion~ of Ralt River r(l~cl'voir,operated in connection with Yerde.River, under
It. duty of (iij(),OOO nero"feet pCI' nllnUD).
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Estimated monOdy di:Jcltarge CIt ~lfcDnlali (lnd Salt Ri1wr 'I'eH£>rl'oir sitcs, in per.
ccntugt.: of total (It Arizona dam.
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WATER ~TORAOE ON SAI.T RIV};R, ARIZONA.

Month.

·Yonth.

26

I
Verda ! SalL lit I· I Verda I Salt· n.t
at Me- ~rl'"oir!. Month. at !lie· ~rvoir
Dowell.; site. i Dowell. site.

---,-------1------.. i I - ....
JanUary . •• 0 -42 i ('I.~ .-\11~t1~t. .•••. ---- •..•.•••. __ .1 OA!) O.~ll,~
t',u.b..:.',h",',y,',:",'"',,:,:,·,'.:,:,,,',,':,:,:,,:,:,:',':, :~) I .50 . SoJlt~lUber - .• --- ..• ----.---. ..(8 .il:.
~ ... .00 .5G Ck:tobcr . ..• •. __ •• • .50 .44
April .••. __ ..• __ ..•..... _..... .~ .i~ NO'r~uil.Jer..••• -- ..•--- •• -- ••f .50 .4.j
:Msy - .•• ---- .--- .•• - •.•••• -... ',lJ. ,.:"6" 11',1 DcCClnbcr ....• -- •••• -•••..•• ,50 ,_45
JUliO _••. _•••• __ •••••••••••••: ;:N ....

July •.••••••.•..••••••.. _..... .~ 1 .5t i ?treaD .•.•••••••.•••••••• .40 .M

I Dischnrgo in second·teet. ; Run-off.
'-------.---I Totnl in !Second-l

I
MaXimum. Minimum. Mean. aere-teet. I!~t per I Depth

Isqu;a.r6 in incbes.
. mtle·-I

A--."'-"'-'-..-__-__-.I-,B88-,:-~.-__-.-__-__-__-.-__-,..I., __ __ __ --1,-,.1
---.,-",,-,.:---,ro-I: --,-ro

~f~~~~:_::::~:::::::::::-:.:::::T·····--ii.r ···---··i~·1 l1f.1 ::~~ :gJ W'&{
No\·eUlbt·r . __ ._. __ ••.•.. _..•1 2,592 191 Si"!1 2'2.5-1."1 .06 .m
December •• •.• _...•• _...•••..••! ]9,5iO 2-4'" a,014! ]85 &.7 I 5:! M

Tbo)'ear - - •••. --._i;···::=:F-:~·~I. : j 2;.li:851 ••• --.~.--t ·.~-
. ]8ll9.a' I· !

~~~~~~h:::::::::::::::::::::~:::::' li::~8 ~ I i:~ 1?l:~;: :~ I:
March __ • ._. ._._ •..•. .• 18.9'!5 1,IllJi 4.8-9. 3'1I.1:$ .X;j

:&~l.:::::::::::::::::::::::::::::: ~:~ 1,~ 2,~ lIt~·~ :r1l
Juno_. •. • __ ._ ••. _......... SS! 2'2-1. 2'!l/.I li:ti!:'l .().'j
July _. •. _._. __ •... _.......... f&? Ii-/; 2:'). 15,M7l .0-4
Augou."IL • . __ •....•.... . an ]:9 100 11,.9. .00
Selltl'tDbcr __ .. __ ._._ ••• ...• __ •. $1) 119 240 14,:~fJJ .0.(
Octokr •. . ... _._ ..•.•• _. 3tO HO HI.J ]UXJG .ft}
November•.... ._. __ ....••.. ~ ~) 2."fJ 1:"l.4:!2 ,0-4
Deccmhcr. .•. •• ...••.••.••• 1I.41i 251 I 2.5I.il H •• aUJ .4.J.

Tbor.ear ••..•• _•..• •• __ ••. 18,9'~I I ... I 1.4~ I 1,Q.."G.i':r.

1800."- IJanunr)· •••.•. . ••.•••••••..• 8,100 710 2.5!ll 15!"J.:-t?4 .4;; ,!i2
Fcln·nary._ .....•• _._ .. _. ..•••• 71,tI41 ;"~~ !i,IUll ~l.I!r.! .AA .• \t!
March •••.... _•. _.•• _. __ • __ . .•• \I,&-I~ 1,4:n :J,aw til,l:tJ 6:! .'it

t~~~,il.:::::::::::::::::::::~:::~:::: ~:~~ ~ 1'~,:i.~ I ~:~;; :rJ :r:i
Juno•.•... _••.•.•.•. _. • •. 42:t "'JV .... H.1,1;"~·, .00 .07
July __ • • .. __ ••• _._ .• ..• 4."):1 21 ..; ::'2 ]fi,';'."~~ .m .I~i

Aut:u!'It .. • ._ ....• • :1,."~~ ."JI2 l,iKj 1m.!...; .:11

1

.:/l:;

~\I~~~~~~_:: .. :::::::~:::~::::::::: ~:~:: ;~~ ~:~~ ~c',:~}~ :~l :~
No\'emher ... ... . •• . la.7ii :~5 2,12:1 It1i.:!'.J1 .:r. .41
Docclll1.Klr •••..••••• _•••.••• _.~.... la.oo') :,(XJ I 2."17 l';a.~IH •__~I__'~

Tbop:'ar '_' " __ " "1 71.G-U WG' l.!(~ I 1,:-li:!Jr,,·) .:J:I i 4. .Jli
,=

In.llnnry •••... ~~l.~~.•...••...••. _. 8.!....1 r.M 1.7';7 I 100,2;'04 .m i ,ar.
~~~~1t~.~::::::::::::.-::::::::::::: 1~:~~ ~~~: 1!l•.J(W l,y~~:~~ a:::;; I a:i.~

~~:~il.~::::::::::::::::::::::::::::: . ~.~~ ~:~-:: !;~~t I ll;:~~~lt .~ :~
Juno_ ....••..•...••... _•..• __ .••... 1:1:.12 fl.··., ".J~ r~I,Il:<1 :'I.·,! ,n
July _....••... _.....•.....•. _...... rlO:! :U2 :~'\14 2:I,~",q .m, .lti
August. ...•••..... _..... _......... 3UI :!:ll'; tin lU,I.~; .U.(' .0C0

a Ohtnincd b}' tnkill~ proportiull11111urt lit th.' l1i:ol('h,u'lCt' ut Snit Hi'rcr at Arizona dam•

charges for the Verde, at ~Ic])owcll, allt.1 Salt Rh'('l' at. t.he resC'}'yoir
sit.e, were ohtaillct.l. Illl'CtlllCillg" the discharge of ArizollH. dam to tlw
required amouut:-:i, the folluwiug pCl'cl'ntagcs wero used:

Estimutt>d monthly d"ischa·l'ge of Salt River at 7·t>~eM;oirsite.

(DraiWlgo Srel, 5,750 squaro miles.]
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A. DRILLING PARTY ON SALT RIVER, LINE A OF BORINGS.

, :,l'.~

u, a. GrO~OClC.L I'UR\·r ...
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~) .re

~~il :~
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.ni .Ut
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Rup-off,

I Ill' \'t':-'C"I'\'oir

,;1 dam tn the

i,' "i"',f(. ill jJ('r-

[SO,';3.

";""'lIld·1
;",,1 pl'l' Depth
"'lllllrl! illlnchc9.

Ildlt.·, l
----1----

.m .00
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It! ~

:~~ '07."... :5.')
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; ,
II ArizolllA dam, );. ~ALT RIVER DAM SITE. LOOKING DOWNSTREAM.
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M · 1M "aXlwum., lnnnuw.
Month.

Estiuwtn/llwuthlg (lil«..·/wryc of Snlt !lin'r lIt re.w'J"lJuh· site-Continued:

nAVJ~.]

----------_.__ .- ..~ ._---,--_._--,----- --_._---
DilM:h311:0 In SC\."Oul1-tt"Ct.

&'Conl1.1
ft'Ct per t Dcl>th in
IloCtunl'O I illl:hcs.
mile.

--------I---I~--I---I------1--
1891.«

Roptemher •• --.-- ••.•• -.•.•••--... r{15 220 37S 22,!'JOO .0; .00
Octo1x'r •••• _. .•••...•••.... 2731 au li!:!i Ia,!m .04 .05
N"ovcnllx!l' • • •• _._........... 8"'""" ~:! 2:0 la,'IO .M .().l

December ••• -•••~.-••• ············I---::::-:=I---'::-:::c _-.-:~-::.fj:-.1-:-::":':".:,15::1+_..:..::.05 .06
The rear ._ -------.!=~l;50~.~OOO~l===;""~1 2,:):.'9 I, ...ti."0 . H I 5.(5=="=:==="=1== =

I89'Z. I
Jnnuary ••••. _._._ ••••••••••••~.... .cts ~ I 3.:)2 21,lH-t .00 :fJl

~;r~~~~)~~'::::~~~~~:~:::~::~::::::: ~ ~ I ~~ H:~~ :~ :~
~~~~bb~~:::::::::::::::::::::::::::: 1~ l~ I ~~ ~:~ :~ :~
July • •••... _•• _.... 26. ]~ It:9 1l,DJti .ro .ro
Augnst.· . .•..• •..• 25!l J52 Hl,{; Il,-J:r. .W .nl
September ..••••••.••••• ._.. !to

o
I 150 ][)7 ~,~i1 .a:J .m

October .•. _... _.•.•.••.. .. .. I IH HIG ~,006 .ro .00
Sovembcr•.• •.•.. • :J:)'!. 2{X:j z:n I:J,j::k; .0' .m
I>ocembcr •.• --. .••.•••. -- _-. _'.1 200_',..1-__""'_'_1_-""',,'_'.1__..,.".:."-'-'.----'-"'- i .05

Tho )'00.1'1-8~. -.•••.••. -. - ••••:==="=.'=0'1=='=='='=="';';''''''1==';,;68;;.;,;'';;''',:I==·~",; i-_-_-~.'~l
January _•••••••••••••••• • __ • 2$ 28G 2S6 li,5."'" .OJ .00
February~•.•..•• _..••... ._ 5,:U2 :':'5 ';-1, -Il,-J;:'~ .13 .1'1
:March ..••••• _._ ...•••• __ . • •. 2Oi,~ ;Sit i."'1 4j5,~J 1.3-1 1.5-4

~fa~I.:::::::::::::::::::::::::::::: ~,~ ~ I,tJ ~.O~\ .IS .ID
Juue••••••• • ••• _. __ •• _... '222 00 ua '~:~18 :M :M
July.~ •••••• .••••••••••. _•• ffJ:! }-I;; l::;n 1.,j:t~ .m .00

~~~FEELHHm:l._=l~:~=~k~:+---t~~=~+_.,..,.'::-:II--:::::~~i:~~o~i~:..I.-.-::~~~~.I-'_t__:..:c::~,.
The :r~ar---.- --..-.. -----. -'fi=~""~'.~""~1===~"'~1,==;1.~08;~' ,!=='=8!l~.=.=:?;l=I,==·='=8,1===·=··=;s=

Ib'94.

f;fa~~~:~:::~~~::::::::::::::::: l,~ !1 ~ !~;m :~ :~
~\priL-- .• _. . __ •.... •••. NitS 3/,2 tile 3li.r.J:i .10 .11
)tny ..... _••• __ ..••• . :i;jij 2!-JI Zit lfi,lJkl .0;; .00
Juno. __ ._ •.••.••. __ ._ ••••• • ~ ]:ro 100 t1,I'!Jj .O:J .00
July __ • __ •...•.••••...•.• __ .. 27ti 8~ H,'i 9,081 .re .02
August __ •••.•••• __ •••••. •• ~OO 1:n 4Ii 2."),:U:1 .m .M

~l;~~r~:.:::::::::::::::::::::::: ~~ ~~ ~ i~:~~ :g; :~
~:';m~r •... ------- •... --.-.----- ~,.~ I ~~ ~~ I E'~.·~ I ''''01 -~
....,..cm.......-r •••••. • ~ •..•.• __ .•.I ~_' ~_I---.~-'_!--~..:.-~-:---·_:__,,:._~

Tho rear. - J=='~."'laJ~i!==="';··'.I===3="=lb=,,;2"'.,.;;;.~4,'="~il=='=.oo~!I==~·;,;"
Ism. I

f~£~F!)~~:::~~~::::::::::::::::J 4~:m l,~~~ t~ :~~:~~
~~~~~:.:::~::::::::::::::::::::::::: 2,~~~ 1~: It&~ 1{1:~J
Jlllyd __ __ . . . . a-·':l l~ 11~1 9,tl16
Au!;:"ust"_ . _. ._. l,(tt.! ;'I!l HO 2:'. II>'!
St·pt.·mbert/.. . __ •.• _:_. __ ••. 4\1';' l(jl; ~-J:! H,4:~;1

1 :tulJ(!r't . __ . • __ •.• 7,H~ t7!1 t"",j '~.f";-'

)l'l\"cmbcrd .••...•_...... a, lUI a1.1 ,fa '''',41i,
I>occmbcrd•••. _._._._............. ~I\l;j 4:'1 0'1 a1.HIoI

1-...".-.,.,1·-----,-:-,,1-,...,..,.,.. ---------
Tho j'car ••••••••• __ . • _'I~_~O.I'A~ :..-=:=~.~:. :..:~2...;~~~: _ ~~~~~-:; :._!~~ 2.1:lO

n Obtnlll('\d llr tn.kill~ llroportionnlll:1l"t of tho diSl;hnr~~'Ilf Hult Hi\'l'r ut Arbma 'lnm.
bAl'I"'u:<imall': lilkd lfl from milliluHIlI diSl'har~" 1"l:('ol',h'll ill SUllo! Ill"nlh:t for HUI.
~.UI·~lllh' ohtailll..1 l,y llikill;: frolll till' Jluhli",h,-t1 tli",,:II.u·J.:c of :-~alt Hi",-r llt lIfcDow~1l

H.1J:h .....·1l1h AIIII. Hl'fll.. Pt. 1\. p. ~L'il t1mt IM·r,·t·nl:t!!" "t 11111 whulu that l't:llrL.....mt.'4 tho dl.lt-·
char!;:"t: Clf tllll S:lit IM·tW''(·1l tho ul(,nth (,r III" ""rdl' aliI! the 1·"St,r,,"!r sit··.

t/k'~lIlt,.ol,IH!u'''I! I>y t;\kinJ: Ilf"'\'I'"rl i"IIa.ll~lrt of til': l1iseJlarl;ll of Halt Hh'cr at Ariwna dam.
111'. Trott'" 1ii:urc~ u....cd ill CUll.lllutntiun. .
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Estimated 'lILouthl!J (liscllarye tlf Snit Rit'e,' fit "cserl:oir site-Continue-a.

'VATJo~R STOHAOF. ON RAT.T RTV"':R, ART7.0N A.
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Di.',w.harg~ in !'.I."t'l.!U(1-(cct. --------r --. R;;~;;i"""-
1-----.------,---- TotAl in i Second- --
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...t. SALT RIVER DAM SITE, LOOKING UPSTREAM.

H. ~OUTH ABUTMENT OF SALT RIVER DAM, LOOKING DOWNSTREAM.
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WATf;n SUI'I'LY, 20

nComputatlollS made from ::\Ir. F. P. Troa's fl~uros.
bComIJutl~tionsmade from o~ernltionsby United State.~ Geoloh,rfea1 Survey.

lIistory of Salt River R(~Rr:1'Voir,operatel1 from ISS!) to Iar)J, in eOl1n('ction u:ilh the
unr('!I1l1uted Verde River, wit-h fOlnU(llllsc o[ CGO,UUO acre-feet.

{Cap.....city of reservoir, 8-IO,i45 ncrc·feel. Annual usc.OOO,OOOacre-f'*lt.}
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RlIu-orr.

Maximum. Miniul1un.. )1...nl1.
:Munth:

1':$timulf'tl1lLuuthly di:JchUl'yc uf Suit /liver Ht f·C,'t/'/'l.'ui/' :titc-Continm..'t1.

Tolnl in IScc~ond-
n"'h.·-fl~l. fl'l'\ per Depth in

I
l>I:tlUlI"Q inchl'!l.

·1-----1-----1----1---- __m.;.'o_, _

lOCO.II
June.••..••••...• ....•.•• 15. ';6 UO 6,,'l2J .re .re
July ..•.. __ ••. _. . __ • __ •..• . 1;l1 "-; Gt 3.!J:J:i.01 .01

~~ft~~~I~~r·:~:::::~::::::::::::-::: ~ : H~ ~;M~ :~ :~
October _. •.• .•.. •. :~-J9 ~i 161 i 9.!X~ .m .fO
NOY{·mlx'r_ •• _. ••• •• 2,~_.~~ HO it'l'1 2f.lrl"; .00 I .m
Det.-embcr .•... __ ••.••••• ._.... .... 114 ~ l~,~Kj .ro .00

T~e yt'ar •... -- - ••••• -•••• -- -I---,~,~""~>+-_...:."'~·-I--I;=-=-=~;,t"t.,;,~~:I~;..;I,;:<;II~I::; =~';"";;- !I~~~~~·,;,;,;
1001. 1

Januaryn. ••. .•••• . 1.7:),; 3)1 ~.,. , 2>,!H5 .(lI. .00
Fcbl-uary';::::::::: __ .::::: .:. ".ljt !..~ :Ult I I:U.f\t. .-It .U
:Marchb __ ... •••. ••• ~.~I~ ;·111 l.-I:Cl !'l;.~;2 .25 .29

~g;Hi ;i ·~I' 'I ~~I II I
J)oc(:mbcrb••.• __ ••. •••.. _. __ .J HJ.i l~i lW I 1l,IAAj .O:J .W

The)'car • •...• •••. .1 4.1i2 a 1~1~;,jO-lI--·-ll-1~
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Dopth of bOf;flg't

No. Bed ,ock Tobl
1 H.O,rn n.~·'.ln

2 21.0 n.)
• J4.~ ".0
• ".0 ••.•
I u_o n.'
J ".0 ~O

WATEII S'l'OIlAO~; ON SALT l{[V}:II, AHl7.0NA.311

Fin. S.-Protuo or bot1l1~at HtlCls"n RI.'!"Orvoir Compnny'l' dR.Ul ~ito .

BORIl'GS.

SALT RIVER RESERVOIR.

This table shuws t,hat if the 1'1'0posccl rosel'voil' wem opt.'l'atcll in
conjunction wit.h t.he) lIat,L1ral flu\\' of the Verdc Rivel', :ulll all allllllal
supply of Gf;O,OOO Hcre·fcct WtH'C dC:->ll'CU, this coulLl havo lu~eJt fur.
nished every year in t.110 record except l!JOO. Til that yea.r t.hel'o would
havo been a short.n:;u o( abont Hi per cent. It. is believed Ulat slI('h a
shortage is perm i:-5:-<ihlc in a sttll'age l'l'ojl'ct if it (lo..,s lIot occur oftell('I'
tlu:m once in say ten years, which is tho fa(~t in t.ho present ease, .

Tho duty of GOO,OOO acrc-fcet PCI' allllum is that of the comhilH~fl

Salt and Vcrdo Th'en;, with (\. rcservoir on Salt River operated in Call.
junction with Ute Vcrdc, the waters of Salt Hh'cr being held ill the
reson'oit- as lung' as thr waters of the Vcrde arc sulf1cicllt to Slll)ply
demalH1s. If the 1100\1 watCI'~ of t.he Yerde ar~ to be st,ored and llse.1
indUl'clJucnt, of Sitlt Hoh-or th('Y will not be availaule for this u~c, ami
the manipulation of Salt HiveI' rcservoir will ho r.ulkally different.
Uuder thcse conditions the draft, on t,he resen'oir bccomes constant
tlw year Hl'ottnd; the requirement for storage is lessoned, and the il'l'i,
gation duty of Salt H.h'el' alone is of ('ourse much less, Our records
indi{'atc that a. dnty of about 450,000 acre-feet call be tlcl'cndcd ttpou
b)' using the rest of Otll' storage eapacit,y for reserve storage.

Boriugs wcrc madc to heel rock at 31 points in the canyou, on four
diffcrcnt lines, The first trial was made Hcar the upper cnu of the
canyon neal' the site select.ed by the HUllson ltcseryoir Company.

·l"ive holes worc here drilled to rock, thc Jcpth in two of them lJeillg
44 and 64.5 feet, These results arc ~hown in fig. 3, Anothcl' site was
then seleetm] about, 1,600 feet downstrcam, and contlition:-; were so
much morC fa\'orahlc t.hat a more thorough explora.tion was made,
and the greatest depth being- le:-.>s than half tllat fountl ahove, the
lower sito was tlccidc'l11pOH. Fig'. -l: shows profiles of these oorings.
li"ollowing- is a complete Jist of the !Joring-s.
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r \\'I'I'!' upt'ralt·t! in
\ pr.• :Iwl all allllllal

tld lIa\'I' ht.'('11 fur·
:11 ~'f'al' tllel'(1 woul,1
.. ·Iil'n·tl that Mh·h;,
.... IIllt OI'Clll' ofh'II"r
.' !,I'I'spnt, caSt'.
:11· of the con;'1Jilll'll
:t'l' operated ill ('(JII.

l" I~'ing' held ill thl'
..... n!lll·it,llt to supply
III' ~tOI'l'tl mul U:-<l't!

th' fol' this U::'t\ an.1
radi"ally <~iffl'n·1l1.

I r 1ll'l'OI1lCS COllstalil

....... 1'111.'11, and the in-i·
• Ips..... Our l'cconl ....
I he f1"pcIH1cd 11)1011

'n~ =,turagc.

1ht· ('anyol), on fllllf

Ill' lIppt'l' (~nd of tlu'
I:p:-'l'l'\'oil' Compa"y.
II 1.\\'0 of thcm h(·ill;':
". ,;\nolher sitc W;l:oo

I c'ondilioll5 were l"11

pllll':ttion WHS ina,I",
:at foun<l a-ho\'o, tilt'
til':' of these hOl'ill:;:S,

PLAN OF' DAM. POWER PLANT. AND CEMENT F'ACTOAY.
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BORINGS.

Depth 0' borings
No. Bcd rock Tobl

1 27.~ HET n.~ HU
fl a.l" sr.J
• '~.5 25.&
4 25_~ ~,s

l 211.0 ~8.0

• n.o 31.3
7 24.7 24.1
II 22.2 28.1
• 20-0 :lO.O

,

Depth of boringl
No. Bed rock Tobl

1 22.0 rUT :2:.0'..,
2 21.0 2~.'

• 2a.~ 21.0
• n.o 22.0
, 21.0 n .•
t 24.0 2~_O

1 n.$ 31/.0
• 22.0 22.'
I 2~.e 17.0

Depth of boring.
No. Bed" rock Tobl,

:2 23.5 'UT 28.0 'UT•4 21,S U.'
~ 1$.0
e 51.0 3~.~

r 30.3 30.'
• 11.~ 14.a•10 21.5 21.0

I

L'~~_--l
FlG. 4:.-Profilc~of boringf'l at Salt River dam site.

lIAVIS.)

"

Borings {It Salt Hirer da1/L .... ite.

No. Chllradcr uf rock.

Bn.nd·
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PLAN OF" SALT RIVER DAM.
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Capacity of Salt Ril'er ,'eserroir.

The cnpacit-y of 1he l'cscr\'oil' was determined by a. plnnc-t'ablc ~i1I"

vey for rneh lO-foot ('on tonI' to a height. of ~OO fert nlto\'e the bed of tIll'
river in the gOl'ge. These capacitios are given in t.he following tabll':

CAPACITY OF RESERYOIR.

.__._-_...
No. I

-----------,
!
i

L __ .;

,.............__......1
JAn,. C, l00f,.d bdolt: liuc B.

1....• . __ ..•.•...•••.••...•....•••..•...••..•. ! 2:?n ~.O Rl~linnd3toDe.

~:::~:~~:::::::::~::::::::~:::::::::::::::::::::::::::i ~t~ !1:~! ~:
L:~~:::~;;:~:;:~~:::~~~~:::::::~~:~::::::::::~~:J i~! ~~ II ~~
w•. __ ••••••• __ ••••••••••••• _••• __ ••••.•••••••••.•••• __ t4.6! 21.0 !>O.

Lin, D. 100/,,1 /xlo," Ih" C. ! , I

!I]il~i!=f~
~O..=.~~.~~~:~ ..~ _._ _ _. 1. :n.5 1 :!'J.O Do.. _
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It will be notiee<l that fOl' ,,<lam of a hci~ht, of 1c," thOan 100 (cct
"he capacity of the l'('SelTOil' forllled is not· cxtl'aonlillar.r, but aho"'e
t,his IH·i~ht. ii, ill(:I'('ascs more rapidly, Hnd at a height, of :?OO feet is
nearly a, million :ll,I't,·feet. It wo11111 he cnliJ'cl,r pril(·t,ieahlc to con
struct:t, )'('SCITOil' or seyera} tillle'S {,his <>;lpaeity, h1lt tId.s is Hot just,i
fied by the C01111itiolls; the limit t.o 1,he cC'onomical IH~ight of llam is
dctcl'minC'u by the supply of water available for storage.

PLAl\"S Fon THE DAM.

The gorge on Salt. Rh"cl' is atl esp()rially f.n·ornblc site for a. masonrr
dam, and the most pCl'manent, eon:::cl'\"atiYe, and seclIre form of high
dam t.lwt is known to (,Il~inccrin~ science ran be constructed. The
{Ot'lllation is st'climentnl',\', with thc ~tl'ata inclined at nil angle of nbout
30° to the horjzonal, dipping townrl1 the rescrvoil', a nlOst fa.\"ol'ablc
conditioJl for retaining storecl W;\tC1'5 and for the f'tability of the
dHm. The fOllJHlation and ablltlllcnt. of hard, tough, fino-grained
sntulst011e arC all that could be ueo;;il'cd, Building stone of the same
material is at hand, anl1 aho\"o the site. As elscwhere set· forth, good
Portland cemcnt can bc made in the yieinity. Sand for mortar cau
be ohtained from the ri\'cl' bed, hut will ]Ia\'e to be washed and
screened, and it is thought that the 1..)(:8t· pll1n will he to manuf:lCturc
s....mu by cl'ushin~ quartzite, which occurs in abundance ncar the site.
This will })I'()\·itle an ideal sand, and ns powl'r is abundant it.s co::;t
will not be grcat,

The dam must Lc so designed and constrncted as to be safe from
destruction by any 01' all of the forces ncting upon it. It is possible
for n masonry clam to fail in anyone of thrce ways: L By oyerturn
ingj 2, hy sliding' 011 the base, or on any horizontal joint.; 3, by crush
ing its foundation or J}HlSOl11T ncar the base. A fnctol' of safety'of at
least two is secured a~aiHst oYert.ul'lIin~by so t1csi~lling the Jam that
under all conclitiolls t.he resultant of all the fprccs act.ing- will fall
within the micldlc third of any horizontal joint. This also eliminates
the possibility of any tensile strains in the masonry, a. yery desirable
result. The same cond ition also SCClIl'CS safety against, sliditlg, which
is insurcd in a still greater degree by cOI:shnctillg the masonry of
random rubble, and by t.lln usc of hydraulic mortar, bonding it

. togethm' a.nd 1'.0 its lJasf\, so that it becomes a. true monolith.-a part of

If t,he solid rock to w1lieh it is firmly joincd. Uncler these cOllclitions n
large margin of saed.'" is Pl'o\'j<lcu, as t,ho structure can not s1i<lc with·

. out, sll('fLring the Ill:lS01J1'Y. In fHldit,ion to tll(:so precautions the <lam

I
planned is to 1)0 built. in tho f01'1n of a. circular arch, grea.tly incrcas
in~ its safety against 1Iuth sliding and overtuJ'nillg'. In fact, ncitlH.'r
cau occur without o~',-,rcOlllillgt.he g'l'ilYity Hm,l cohesiOil of the masonry,
and nlso crllshing the masollry 01' a.butlllcnts. The tot.al fnctOl' of

I
:safety against fa.ilure by the first Hntl second methods can not be

exactly known, but it, is uuqucstlolla1Jly VCIT great, The third

[,



. VarlOll8 e;l:perhnen tal tests.

Pressure-s on 7nasonry in e..1~1~.~t-ing structu'res.
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I

I
I

I

[No.i3.

Authorit:r·Material crushed.

W ATEI~ STOl~.AGE ON SALT llIVER, .Al~IZONA.

Concrete priRlns cut from Vrynwy dam . .. _
Granite ashlar. ,~...ith Inortar I::! __ --- -. --.- -- .. _- -.- __ . 1
Sandstone rul)hle. 1110rtar ]: ~ . _... _. __ . . _

r:~:r~~g~t~l ~I~~~':~::~~:::~~::::::::::::::: :::::::::::I
I

iPJ?:::e1i
foot.

-----------------------1 ....---------...
Tons. I

!8! Sir Al!drcw qlark.
~:3 J AustrIan SOcIety E.&. ..-\..
21"J51 Do.
tM B~: .
66

1
Do.

86

IPressure!
Structure. Material. per I Authority.I square.

I foot. I
---------------------1--·--: -..-... ----.---.-.-

I TOil.,? I .
Bridgo,Pont-y-Prydd, 'Vales ._i Limestone rubble, lime I 20.7 11.0. Baker.

~ mortar. I -;
Brooklyn Bridgoe ; Granite masonry .. _! 00.5 I Durvpa &: :\Iayer.
Washington l\fonunlent, in I Cut marble - -- .. __ 1 25.4 i Col.T.L.Case}-.

wind. I 1-· i .
St.Loui~ Bridge, before com- I Cut liInestono . ! 38.0 ; History St. Louis Bridgo,

pletio,n. _ . I ! ...! p.370.. _
SOut~l Street BrIdge, Plnladel- ; do __ . . ----I 1<>.'1 " Tr~ns. ~J!l: Soc. C. E.~ vol.

phla. .. ,. I. i \ II, p ..30.).
Rookery Bt1l1clIng,Chteago I Cut granIte .. _! 30.0 I I. O. Baker.
BearVallev darn .i Granite ruhble ------------: 40.0 I J.D. Schuyler.
All Saints,'Chureb,Angers __ .. ' Forneaux stone ----- ------! 48.0 I J.T.Fanuing.p.4lJ.'3.
ChapterHou~e,Elgin . __ Rerl~andstone ._1 20.0: Do.
St. Paul"s, London ._. Portland liulestone 1 19.7 l Do.
St.Petcr's,Hollle Calcareous tufa ._____ lH.'i: Do.
Variousareh bridges . Cut masonry 1 60.0 ; Do.
Quaker Bridge daIll (pro- Rubble masonry __ . ._: 15.0 : Rep. Aqueduct Com.,p.5.:;.

jectcd). ; I

Almanza datll (300 :rears old) ... · ._do : 14.31 Edward 'Yegnlan,p.24.
I· l

Inethod, tliat of the crushing of the lllHsonry, is not aiTeeted l}y the
curved plan, and thero is roor)} for considerahle differcnce of opinion
as to \vhat are safe linlits of pressure. "fhe best guido, ,,:-hcn intelli
gently follo,,~cc1, is the cxperience of the past. "fhe follo,villg table
gives l)ressures in SOllIe existing structures:

T,vo cubes of 1 eubie inch each "'ere cut fronl briquets of neat
cenlcnt, lnallufactnred frOlll lnaterials ohtained near the site. '.rhese
were tested at the Unite-a States Navy-Yard, in \,.rashillgton.

Saulple No.1 erushed at tJ,UDO pounds, or ~18~ tons per square foot.
Salnl)]e No.2 crushed at 8,8-10 pOlln<1s~ or G;3G tons l)er square foot.
'!',vo cuhes ,,·ith.edg-es of ~ inches ,verc cut frotH sittnples of the roek

to be llsed in Salt lliv'er daIll, and el'uslH"t1 ill the testing llutchinc at
tIle United States Xayy-Yard, in '\"'ashingtoll.

S~tJnpl(~ No.1 crush()d at 5!),G50 pounds, UCillg 1-!,n12 pounds per
square incll, or 1,07-! tOllS pcr square foot.

Sanlple No. ~ crushed at 100,000 pounds, this being 1,800 tOllS per
squal-c foot. rrhesc results arc so high that the strcll~th of the rock
is cnt.irply clilninatta(} f.·OI11 the dis(~l1ssioll.

'!'cst No.4·, in the ahoyo tahI(~, Ina<1l' by tho .i\nst.rian Society, is
very nearly represclltatiYe of the )llaSonl~Y to .be use<.! in the pro}>osed

..

.~~.~~7~.~.~·:~::::::*-,~·~~:·~~:~:.~.wr~~:~:::;~.z.':t~:·~7 ~~::"':~:~;~~:'.~"::;.~;:';:~~:~'~'" .



; .

37PLANH FOR THE DAM.

I

,,~ "~£\'~~::~~'·;'~~':':);~':~':;::::~·;:~l'~:;¥>~"~·"~w:,~::~;!::,,~;;':~'~'.::;'~':::;";~~~~~;;"~;i-;;;~;:'::~

" .._.. ,~ DAVIS.]

j Salt River danl. j\ coeflicient of ~afety of 10 in such Juasonry ,,·ould
1)crn1it of l~re~snres of ovpr ~5 tons per s(]nare foot,. l\S ,,-ill appear
later, the llHl,xiJnulll pressnres pcr1uitted in the proposed <laIn ,vill be
far belo'" this figtIl-C.

r.rhe recorded failures of high nla~onl·Y danIs are as fol1o\vs:
At t.he lIabra tl~un ill ,.llgier~ pOOl' hydraulic liIne ""as uscd, and a

red eart.h ,,~ith a large percqnt.age of clay ,va.s used in the lllortar
instead of sand. rrhit'i cOIn hination nHtde a poor Jllortar, and the l-ock
,vas also poor, both in the Inasonry and the fOlllHlatioll, being a cal
careous grit of yarying quality, and all porons. It is snpposc<1 that
the failure occurred by the crnslling of t.he foundation under n com
puted stress of 18.3 tOllS pCI' square foot.

At the 13011zy darn in l~rallee the foundatioIl ,vas fissnrcd and per
lueable and not on solid rock, allo,,·ing an inullcnsc up,vard hydro
static pressure; the section ""as so light as to pernlit great tension in
the Inasonry in the hack. It ,\"as straight in pIau, and ,,:-hen the reser
voir "'"as nearlJ· filled the central portion of the ,va.ll "-as shoved for
'Yard ahout a foot, eauslng rnptures and leakage. rrhis "·as after,Yards
l"epaired and the foundation reenforced. Six years latpr, ,,·hen the .res
ervoir,,:-as full, the <1au1 snddenly oYel'turned at a plane about 33 feet
belo,," the top. 'rho above-reciteu defects "-ere the undoubted cause.

At the Puentes daln in Spain the central portion of the d~lJll ,'·as
founded upon piles driven in earth. "Then the rising ,vater applied
a Jleavy h.rdrostatic press.nre, tllis portion of the fonndation suddenly
gave ,,~ay and left the top and cuds of the danl standing in the fornl
of an arched bridge.

'!"'he danl at ..t\.ustil1, rrex., ,,"as an ovcrflo,," dnnl built of liluestone
rubl)le, the stone being very soft, and of poor qualit:y. The founda
tion ,vas on a geological faUlt, and "·as of soft lilnestone, in thin, hori
zontal layers, ,vhich had little adhesion, and probably very little
frictioll upon one another, and tlle failnre, \Yhich ""as bJ" sliding, is
supposed to be <lue to this fact.

In all four of the above ca.ses the foundation ,vas defective. In
three the stone ,vas poor and in t"..o the 1110rtar ,vas poor. All ,vere
straight in plan except the Puentes, \vhicll ,\?as polygonal in piall and
arched npstrcaln. rrhis dalll soeIUS to lULYC been vcry ,veIl planned
and constructed, except. for the Olle fatal defect o~ being founded 011

piles instead of solid rock~

All of the defects in t.hese failures can easily he avoided in tl1e pro-
posed dalu by a reasonahle application of eare and skill. .

l'he proposed (lanl is designed to be :?17 feet, above lo'v ,vntcr in t.he
f. river at the dalIl Hite and to store "-ater at. a lnaxitnulll (lepth of Ino
ti feet, the total height of daln abo,~e lo,vest foundation being- about 247
~ feet. Spill,vHys:!O feet <lcep "rill bo exeavate<l i Jl the solid rock sides

of the eanyon and the rock used in the cOllstruction of the <larn. "l"'he
locatioll lellds itself adnlirably to a curyctl forl11 of dalu, this forIn
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containing but little l))Orc lluttcrjal than It straight one of the sanle
section. 'rhe proposed structure is to be built on a circular curve,
convex upstr'cillll, the hack having a radius of -ton feet and the face n
sllorter radius ["Otll the SH1UC center. 'rhe daul is to be of uucouI'sed
rubllle Inasonry and to have a :.;ection 011 lIlO(lern conscr\'"ativo idpas
as n sitnple gravity struetul'e, and the added stahilit:r due to its curvet!
fOrIn \"ill great.ly increase its factor of safety. 'fhe rock of ""hich the
danl "rill be constructpd ,,·ill Le cxcavated frolH the spill,Yays, and is
a tough, close-grained sandstone. ..A. salllple 'YHS takcn frol}} each side
of t.he canyon and tested for specifie gravity ill the laboratory of tho
United St.ates Geologie-al Survey. 'rhe follo,ving are the results of
this test:

SlJccijic gr(lt~itic~ of t ll~O spcchncJls of sandstone.

.' I. Deterlnined on hunps.
A. In ordinary distilled ",yater as quickly as possible.

No. 1.-Specific gravity, 2.42 at 1'00111 teulperatnre.
No. 2.-Speeific gra.vity, 2.47 at 1'00111 teluperature.

B. After soaking ill distilled ,vater 24 hOllI'S.

No. i.-Specific gravity, 2.4-1 at 1'00111 tCluperatnre.
No. 2.-Specific gravity, 2.49 at 1'00111 telUpel'atnre.

C. After standing in distilled ,vater uuder the nil' THunp for 24 hours.
No. 1.~Specificgravity, 2.50 at 1'00111 tClllperatnre.
-No. 2.-Specific gravity, 2.G.2 at raOUl telnporatnre.

II. Determined on the po,vdered salnples.
No. 1.-Specific gru,·ity, 2.58:3 at 21.5 C., eompare<.1 ,,"ith water of

saIne te::nperature.
No.2.-S11ecific gravitY,2.611 at 17.,') C., eOlllpared with ,yater of

saIne teluperatnre.

'.rests for crushing "-ere al~o llladc and are given on page :JU.
'fhe rock is to he used ill as large pieces as practieable, in order to

make the lllllllber of joints as fe,,'" and the quantity of lllortar as Slll,lll

as lllUy be. It is estiJnated that the l'oek ,vill oecupy ,0 per cent of
tIle strue-tnre. l~ifteeu per cent "rill consist of eenlcnt lllortar, in
,vIliell" the ~tolles arc hedded, and 15 per eent ,\rill consi~t of conlent
concrete raIlllllPd into t.he yertical joints. 'raking tho ,veight of the
mortar as 115 pouuds per cubic foot, Hlld that of the eonCl'ete as l;;n
pounds, the Inasollry ,,~ill "'"cigh, as nearly as can he estilnuted, ]·It;

pounds to the cuhie foot. ()1l this cst.ilnate the strains lUi-YO 1>('('11

cOlnputcd and the seetioll of the daJ)l designPtl. .....\.s the danl is to

serve as a high"·ay, H top ,,·idth of 11) feet· has hecn adopt,ed, ,,-it 11
parapets along the sides. 'l'h9 section adopted is the sInalleslJ cOllsi~t

cut ,,,,ith the neecssar.r top ,vidi.h, and "rith the rcquil'elncnt tlJ:lt tit ..
resu]t~tllts of all forces acting upon 11110 dalll shall he at all tilllC';
'Yithin tlh~~ lll,id<lle thirtl. 'rhe prpSSlll'O 011 the too\vhen the l't1sCl'\roir

• is full ,,·illlJC It>.!) tOIlS per squat·c foot, COlllput.ed on the aSSlllllpti(lll

that tho (l~lln is a rigid lnOllolith alHl llollelast ie. ":\llY elastieity it
llHt)T llav(~ "rill tend to relieve this l)l·(,~Sllre. 'rhe InaxinlUlll possihlt'
pressure, IG.(;·~ tOllS, oecnrs at the heel ,vhell the retiervoir is clnpty,
,vitI,l n strong ,vinti 1Jlo\\"ing II pstrealll.
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'fhc 'tahle on p. 3G sho,vs fourtcl\]l instances ,,"it11 pl'essnres greater,
SOllie of t,hClll lllauy titHeS greater, than those in the propo~ed danl.

'I'he follo\\"ing speeifiea tiOllS arc proposed fOt; the danl:

SPECIFIC.ATIOXS FOR TIIg COXSTRCCTION Oli' TIlE DA1L

Di're,'sion of the ,titer.-"fhe diyersion of the riycl' ,,"ill be aCCOlll
plished b.y lneans of sheet, piling driycn as deeply as practicable
directly ncross the canyon, beginning atj the south ~i(le Hud reaching
ns nearly· as pl'aeticable to bed rock, the piling to 1)0 reenforced at and
above the surface by a lH?H\?Y ,,·al1 of salld and graY-ol excavated froln
the site of the <leuu, the "9ater to be diverto<lth rough the ontlet t.unnel,
,\?hich \\~iII be eOllstrlleted in ad\-ance. 'rhe g:l'(lYel \\·all ,viII be built
Htl least 1 foot higher t,han the top of the outlet ellanncl for t111'(\c
fonrths o~ its length, about 50 fCl1t of th('\ sOlltherll end of the clnban]{
luent being left at au elcyation Gfeet 10,,·e1', to be utilized. as a spill \Yel,}"

for excessiye floods \\9hieh 111ay o(~cnr too large for the eapaeity of the
outlet tunnel. 'rIle exca\-a t;iOll for foundation ,,·i11 begin at the
sou thern ,,"all of the canyon, and as rapidly HS conlpleted to solid
foundation ,,·ill he jIl1ed ,vith luasonry. ..1s soon as ·.1-0 or ,50 feet of
the southern end of the fonn(lation is eOlllpleted, a ,\"ootlen Hunle 'Yill
be placed at the above-lnentione<l spill,,"ay on the elulJanknlont, reach
ing dO\Yllstl'CCllU over the cOlllpleted portion of 1he foundation, dis
charging into the strCeUl1 hed at least :300 feet d()\vnstreanl frolll the
toe of the dfun. 'rhi~ flUlllC ·,,-ill be a1)ou1'. 1,000 feet long, and in that

.1.

::..·· distallce ,,"ill have a fall of llearly 8 feet, \yhich \\"ill gi\·e it a higll
velocity nnd PlIahle it to (lischarge allY floods Ii)(ely to oecur. 'rho
plunps elnploycd in drying' the foundation excavations \yill discharge

:.1:·. into this flllllle.
. In case ~hcet piling cannot be drivell deep enongh to cut off the

ulHlerflo\v, pipes shall be tlriven along the line aero~s the eanYOl1 and

~I~_·. CClncnt grout Plllllpcd in until the desired result is outained.
Foundaliun.-.1\.ll earth, sand, gJ'aYel, bo,,·lders, disintcgrated,

loose, and sP:llued rock: "9ill be excayatcd and rcnloved fronl the entire
area of the base of the daul in order to secure a lil'Jll fonndation on ri solid rocko Explof;ives :,;ha11 not be llsed in excavating the rock

.J, unless absolutely llCeeSSCll'y, and \\·hen llsed shall he only in sl11n11
·w (11Ul:11titics all<l ill shallo,,· holps to avoid fraetul'c of the rock forllling
l the foundat.ion of the (la.B). 'fhe ontiro foundation ~hall he thor
i oughly washed with wire brooms, ii'°f;t with water and then with thin
1 ceJ)lcnt grout. 'rhroughout the length of the foundations it treneh G
1 feet "ride and (j feet <.1epp, 15 fcpt fro1H the heel of the <laBl and par
'.~.: allel thereto, shall he (~llt in tho solid rock of tho foundation.
I Jlasonry.-1'hetnain hody of the danl shall he (~onstrncted of
'1 broken range cyclopean J'uhble. 'rhe stone Hhall be quarried fruIn

t·he ,,'aIls on each si<le of the canyon, :--;ho,,"n ill tIlO tll'a\viug as pro
f posed spillway:,;° If a suflieicnt quantity of hard, finc-graitwtl st.one
;f can llot be ohtaincd ill these spill\\ra~·s it shall be (lUarried elsc,,·herc.
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All stone shall he thoroughly 'YH:shc<l and Iai<l in J>ortlan<l CClnent
Dlortar, Rllll each stone shall be laid on its largest bed. 'rhe stolle
for the upstreatll fnee,shall be rough pointed, so ns t.o lay ,,,,ith hori
zontal 1.>0<1S Ul1d vertical joints. 1\0 lllortar joint in the face Hhall
exceed 1 ineh in thickness. l\t least one-fourth of the area in tIl('
face lllust he lleaders evenly distributed thronghout t,ho ,vall, ann

'e,rcry header shall he laid over a stretcher of the underlyillg eonr~e.

The stone ~hal1 he so arranged as to forll1 a proper bond, in no case
less than 1 foot~ ,vith the stone of the underlyin~ course. 'rhe
stretchers lnlu.;t not be less tha1l3 feet long, nor lpss than:! feet in
any otller diInensioll. "rIle headrrs Jnllst not be less than () feet in
lellgtll nor less than 2 feet in any other diJne~lsion.

'j:'he body of the dalu :-;hall be COlllposed of as large stone as prac
ticable, ,,~ell shaped, and laid so as to break: joints and thoroughly
bond the ,\"ork in all diret:tions. Eaeh stone shall be laid on its
largest face in a bed of }lortlaud celuent llloi-tar of the qnality here
after specified. \7'"ertieal joints betw"eeu the stones in t.he body of the
datu lllust h~ no,,·here less than -! inches and lunst be carefnlly and
thoroughly filled ,vith Portland celnent concrete, ,vhich shall be
raIlllned into place by hand. ~.ro secure thorough bedding e.ach stone
Juust l)c lifted and the bed exalnined, to the end that all spaee in th~

ualll not occupied by stone ~hall l>t:, ah~ollltely filled ,vith lllortar, so
as to lnake a ,,"ater-tight construction. ~rhe Inasonry shall be kept
wet dUl~ing the tiIne of constrnction. 'fIle aim shall be to use thp
largest proportion of stone and the snlallc~t proportion of Inortar auc1
concrete in the dclln that can be !)racticahly secured. 1'0 this end
facilities shall l)e provided for handling stones ,,..eiglling 1~ tons, and
large stones shall he used as far as l)rnctical)le. ~ro the Sftlne end the
stones shall be split froll1 the Inrge In,asses found in the quarry by
the" plug-and-fpather" luethod, or any sinlilar process that Inay he
found efficient in hreaking' the stones along regular lines, so that
joints to he filled ,vith Inortar llut)" be r~~asonahlythin and unifol'ln.

J.1Iortar and concrete.--i\.ll Inortar used in tho lo\ver 80 feet of the
. ' dalll shall consist of 1 part of Portland cenlent, ~ parts of good sharp

sand; and all COllerete used in thiH portion of the dan1 f'hall consist
of 1 part celuent, 2 parts sand, antI 3 parts of broken stolle gradod to
suell size fiS ,,,,ill l)HSS through a screen \\rith lneshps g ill(~hes square.
The lHortar and concrete used in the upstl'CalU face of the danl for a
thickness of :?O feet shall be of the qnality aboYc specified.

In all parts of the clan1 ,,~hieh are lllore than ::?O feet fronl th..
upst.rcau1 faclo and ~~o feet fron1 the bast~ the lllortar Hhall be 1 part
I'ortlnntl CellH~nt to 3 parts of sand, and conel'pte of 1 l)art I>ortland
celnellt., a parts saud, and ~1 p:u·ts broken stone of a Hize to pass through
a screen \\rith llH'shl'S ~ inche~ ~(luarc. .1\lllnortar and eOIlCl-ete ~hall

be thoronghly lnixl'<1 as t hl' ,,·or]( progresses and u~ed so pl'o1l1pt,ly that·
t.here ,viIi be no dallgl\l' ,,..hatever of incipient. setting of the Ct'luent pre-
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.
vious to the cOlnpletioll of the lUHsonry in ,vldeh it is placed. No
celuellt shall be usc(l unt.il fit least sixty days after its lllallufacture,
and not. until it shall 8110"- satisfaetory tests aeeordillg to the cheluical
nod phy~jcal requireUlents adopted by the .r\.lnericnn Society of Civil
~~nginccrs.

'rhe reason for using a larger percentage of celnent ill the base of
tllC 'dalu is that here \vill l).e the greatest pressures, and the higher
percentage of celnen t ,vi 11 giyc a greater po\ver of resistance to crush
ing.. ~rlH~ high percentage of celuent is Inaintaillcd on the \vater
face of the (JaIn, all the \yay to the top, in order to render it as nearly
i1l1pervious as possible.

It luay be confidently predictetl tllat a Inasonry danl at the pro
}Josed site, const.rneted. on the ahoye plans and specifications, ,vould
be absolutely perlllanent, "safe, solid, and secure for all ages to
cOIne," as truly as the "e,·erlasting hills," of ,,·hich it \vill becolne
all integral part.
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SEDI)IENT.

~Iost of the strealns of th~ south\vest carry ft considerable quantity
of solid' Blatter ,vhich eauses anlloyance in canals, and has a tendeney
to fill any' reservoir constrncted on the strOatH. This is true of the
Rio Grande, Colorado, ]-:>ecos~ and Gila rivers. ~rhere is silt also in
the ,Yaters of Salt IliYer, as sho,,"u by its occurrence in the canals,
but it is not nearly as abundant as in the streulns above lllclltiolletl.
The basin tributary to thp Salt Riyer reservoir lies in large part in h,igll
tiJnbered country, and includes the Apaclle Indian Reservation. rfhese
Indians const-itute probably the luost, effIcient forest patrol in the coun
try, a,ud their resel'\-ation is alJllost entirely covered ,,"ith forest ~~nd

grass. 'l'he hasin of 'l'onto Creek, and a fc\y other tributaries, ho\v
ever, are closely pastured and deliver SOllle silt during sudden floods.

Observ;ltions of the al110unt of sedilnent carried give the results
found in the follo,,·ing table:

Perce'niage of ,,;edi1nent found in Salt River water.

Date. Sediment. Total vol
ume.

s:n.58

Acre-feet.
9.27

34.42
8.2.i
9.5:3

.()(S

.00
28.74-

.00
Ro'l-58

1:.u.16
2:t~:;

5.04
.00
.00

" ,
j

. lOOl~ Per cent.
January _...•.............................•............ _ ._ o:~~

fl~~~.~.~ .~~~:::: ~~: ::::::::::~ ~~: ::~:~:: ~:_ ~:::::::::~~:: :~:~::::::::.:::: :~l~
.0XJ(Xf~1

Total tor tllO year _ _. _. _ __ ..~. _ _. _ ~ _. _.• :.• _ .

NOTI';.-Fronl Janunr}" 1 to A])ri11~, 1001, observations were made at McDowell litation; bal·
ance of the ~~~n.r at rOHcrvoir 8it~. .
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'rhe greatest. flood ever knO""ll in Salt lliycr 'Talley occurred in }'eb
ruary, 1891. It is descrihed in the rr\\"elfth .L\nnual }leport of the
United States (Jcologieal SUl'yey, and has been referred to on page ~o

of this r(aport. 'fhe lnaxinlulll (lisehargc of 1',his flootl 'vas _t\stitllatetl
at the uhnost illcl'cdible volt1llH~ of 300,000 ,'ubie feet per secollu. .1\
frcslletof less l11agllitn<1e~lJut st.ill very large, oceurl'cd in 18DO. "fhcrc
is nl)UlH]ant pvidcIlGC that t.here had heen no Hood approaching the~e

in luagnitude for a vcry long titne. 'rho dl'ainage area frOlll ,,·hich
this flood \vas d"(l\Vll ""as eOtlsi<lel'ably lnore than double the area tribn
tal'~~ to thp proposed Salt ]{ivel" l'esprvoir, but t,he latter ha\-ing nlOl'e

tllC111 the n,yerag-p prceipitat.ioll, it is el'edited ,vith 5-l per eent of the
total discharge llll(h~r the <1iseussion of "\\"-ett.er-supply" on pagoc ~t) ..

A slualler drainage l)H~ill is, llloreover, lial)le to a relativl)ly· highl)r
flood discharge than a lal'gpl" one,1hough tho Hood~ al"e of shorter
duration. }i'."Olll the alJovc eOBsidl1 t'ations it is l\stiJnated that the
JuaxiJnUJll 1100d \vave possible at Salt I~iYer reservoir is :?20,OOO cnlJic

rrho above tahle slHnvs that during' the period covered by the obser
vations t.he sediInent carried ,vas verJr stnall ill <unollut, alIno~t llegli~.d

'bIe, buti the disehal'ge d luting the ycar ,,'as far bolo\,'" the norlllal, and
it is believed that the proportion of selliull)ut ShO\Vll by 1he observa
tions ,vas also helo\\- the n01']11H1. I f 'YO take 1,000 acre-feet as the

; average inno\v of ~e(litHellt, t,llis ,viII be nearly t.hrpe thnes that
observed dnrillg'l!)Ol, aBcl yet it "Tolll<ll'cquire' eight hU1H.11'Ctl years to
fill the reservoir if nOlle "'"ero <.1ra,vll ofI. It "'onld prohahly be one

:. llU1Hll'cd years before the loss of st(jrage eapaeity ,,·ould be serionsly
felt and it. ,,,"ouid bec()Jno neeesscu'y t.u resort to luethoc1s of clearillg it
'out'.

.i\t nIl titnes ,,,,hen t.he river is in flood the ,,·ater ill the reservoir
. 'Yill 1)0 l110re or less turbid. "rhe 10"'"01' the stage of the r(~serv~ir and

t]le greater the flood in the rivel" the greater ,,-ill be the percentage of
"sediInent held in suspension. "rhe greatest Hlnoullt of sedilncnt ,,-ill
usually he found in the lo,,'"er layers of "'atpl', alHl it ,,'"ill there
fore cont."ibnte to the lnaintenallce of tihe storage capacity to dra'v
all ,vHters front the lo"·e~t possible point at all tilnes. 'r\yO out.lets
are provide<.1 ill the forIll of t.unnels 10 by 13 feet, one around each
end of the datn. It shonld be Blade an iuyariable rule that ,vheneyer
,yater begins to run over t.he spill,vay the gates Blllst be opened to
full capacity, not only to dra\v 01! the JUClxiBluln quantity of sedi
Dlent but also to reinforce the spill\yay eapacity as Innch as possible.

Experience at the S\veet,,"ater and other l'CSC1"\·oiL"S sho,,·s that tho
greatest deposits of sedilnent are in the deepest part of the reserVOIr,
,vhich in this <.:ase is neal' the daHL rrhe al)ovc' provision ,,-on1<1 dis
pose of a consid~rable po1'tioll of this, :tll<l any further provision for
relllovillg silt "'ould be uunC('CSSCll'Y for 11101'e than a centnry.
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feet. pCI' second, reaching this alllount by a rapid increase in volulne,
Hnd declining sOlnc\\"hat It'ss Huddcnly frolll t.he lnaxhnuln to the norlual
disl~hal'ge. On this assulnption an exa~llillatioll has hpCJl lll(l(]C of ttlO

effect of sueh a, flood upon the rc:servoir. It is assllined t·hett tho
reservoir is full up to the l)ottOlll of the spill\\pay, a.nd t.hat a. great
flood occurs, ,,~ith a lucan dischal"ge for the fir~t, hour of l:?O,OOO cubic
feet per second, and increases its tli~eharge 10,000 cubic fcet per sec
ond during each hOll1' for cleven hours, at the elll1 of ,vhich titnc it has
reached its lllaxinlnul "·ave of ~:?O,OOO cubic feet, per secolld._ 1'ho dis-1charge then <lecrcascs in an arithmetical progression for twenty hours,

,~ at the rate of 5,000 second-feet per hour, reaching a discharge of
.~ 120,000 sceol1<1 feet as a lucan for the thirty-first ~lour.

l'his spill,,·ay as planned has a total length of 360 feet, and its
bottOIU is 27 feet l)clo\v' the top of the daHl.. It.s discharge capacitj" is
cOlnputed fronl the fOl'lllUla (~=II~ 12~O=::3.5 I.JI-It .

.

.

'1":<...' Effect of 11Ul.:cinuun flood un /)alt Rll~el" 1·e,r;;crroir~ 'U~ith .')l)l~lluxlY 350 feet long, 190
feet abot~e rirer bed.

~~
? [Q=Hi 12'20.]
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:1 .i\t the eu<l of the thirty-first hOlll" the surface of the ,,"ater has
1 reacllcd au. clevation of 20ft6 feet, or7.-t feet helo,v the top of the

dalu, and froln that point begins to decline, the spill\vay having
at· this clcyation a diseharge of 11D,700 eubic feet per second. 'fho

.~.'. above-assllnicd flood \\·ave luight, therefore, be considerably exceeded

i
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OUTLET "~ORKS.

For the purpose of facilitating the tlischarge of sediInellt fronl th()
reservoir, and also to furnish the Inaxilnulll reenforcenlellt to the
spill\\"ays, it has been decided to dra,," all ,vater froln the reservoir
tllrougll large openings dii'ectly on the hOttOlU. .i\ccordingly the plan
adopted is to lUlve t,vo tUllncls dug thi'ough the solid rock, one on
eacll side of the canyon. Each tunnel ,,'"ill be provided ,,·it.h t,\"o gates,
eae}l G fcet by 10 fcet iJt inches, \vith a clear opening of 5 feet 4-1

'inches by 10 feet, lnakiltg a total area of 215 square fcet clear open
ing. l'his ,,,"auld hayc a discharge capacity of about 1,500 cubic feet
per second ,vith ,,,'atel' standing ill the reservoir on a level "rith the
top of the tunnels. " ....hen the reservoir stands hig]lcr than this the
head ,,~ould, of coursp, increase the possible discharge, and ,,"hen
,vater begins to flo,," througll the spill,Yays the tunllel,vould haye a
discharge e~tpaeitr of about 12,000 cubic feet pee Rccond, :ind ,,'"ith
the spill\\"ays rUllning fnll, about 14,000 cubic feet per second.' The
head on the lo,ver sill of the outlet tunnels ,,,,"auld be If:tO feet ,,,,ith
water, st.anding at the level of the l)OttOlll of the spill,,·ays. l'his ,,-ill
be the lnaxhnUIll head frequently eneoulltered, but the possible head
,vould be ~o feet lllore, or 210 feet, ,vitll,vater flo\ying over the spill·
,Yays ~o feet deep, ,vhich is considered the Inaxinll1nl he'ad possible,"
clicounterecl only at long intervals, if ever, 'rhis ";,,ill produce a nleau
pressure of about 12,800 pounds per square foot on the gates, or a
total OJl each gate of about 390 tons. These prps~nres and sizes
require gates of great- strength and efficient llleans of controlling their
position.

Enell gate is built of nine parallel D-inch I beanIs, two channels
horizolltallJ;", and tllree longitudinal beanls, the ,,~Ilole inclosed by a
balf-incll plate solidly riveted to the be:uus and channels, RO as to
make the elltire gate act as a girder. It ,viII be the aiIn to luake this
girder ,,"atcl'-tigllt. on the edges and' the side exposed to the ,vater,
but drainage h,oles ,viII be provided 011 tIle 10,,"er side to discharge
an:r c]lance leakage. .

'1'11e pillar ,vhich 'Yill occupy th~ center of each tUllllel is built of
plates and angles ill tIle forlll of n large I heall1, and is reenforced on
eaell side by a 12-incll I heaIn, and the ,,"hole is inclosed by a t.hin
steel skin, to lniniJnize the tendency to pro<.1uce ,ribrations. 1"he
beams are so arranged as to ditninisll t.he contractions also, :ll~d thu:-,
increase the dischargp, 'l'he shtact steel ,viIi he continned along tIlt·
sides and bottOlll of the tunnel throughout its entire length. UlltlCl'

without flo"'illg over the datn, and thcrefol'e the spill'YHy provisions
. as planned are considered :l.lnplc for all possible rcquirclnents. It
should bo noted, ho,vever, that t.he datIl ,,"ould not 1.>e injured llor
endangered by a very considerable flo\\' over the top.
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thes~ arrangeluents the velocit.y of the ,,·atcr through tl~e tnnnel,
running fnll, ,vith t.he ,vater in the reservoir at the le,-cl of the top of.
the tunnel, ,,:-ill be ahout 7 feet per second, and ,,-ill increase to oyer
GO feet per second ,,·it.h the ,,-ater ~o feet deep oyer the spill \yays.
Eacll g-ate ,,~ill be \yorked by t,,·o hollo"~ rods running u p\vftl'd throngh
the shaft and to,,-e1' to the to\\""er houses at the top of the <laIn, ,vhe:re
they \vill he ,,,'orked by scre"·s operated hy electric nlotors.

'1'11e 110110"- rods ,viII consist of a-inch, dou ble-extra lleavy steel
drivepipe, and ,viII "?ork in guides, as ShO'Vll in PI. XXI. rfhe upper
section of rod \vhich carries the thread' for llloving t.he gates \viII be·

~ solid.
The bearings for the gates ,viIi be upon solid steel rollers lllace<.l to

elimiJlntc friction.... l\. general Yie,v is sho,vn on PI. XXII.
The steel is estitnated at S cents per pound erected..

PO,\YER PLANT.

In the construction of a great danl one of tlle 1110st iluportant ele
ments is that of po,ver. rrhis is neecssary on a large seale for drilling
purposes, f<;>r handling rock, for lnixing and handling lnortar, and for
crushing rock to l)e used in concrete. In the l)resent case, further
more, it llas been found possible and yery desirable to Inanufacture
011 tIle ground the large quantity of celnent required in t.he danl.
'l"'his "1'ould require about 300 horsepo,ver day and night, for grinding
roek and cliJlker, and for handling nlaterials filld running- lnachinery.
It is lisual to provide SUCll p()\ver hy 11leans of steanl engines, but in
the prescIlt case this is rendered very expensive by the scarcity of
fuel. Coal, in quantities, no'v costs $10 l)cr ton in Globe, and the
'YHgon haul to the daul site ,Yould nearly double this. 4-\ lill1ited
a.Dlount.of ,vood is available, but to secure the large quantity ,yhich
,vould be required if it \vere the sole dependence for po,ver 'YOllld

involve a lon~ haul. .
The best Ineans fOl- proYidillg tIle necessary power is by the devel

oIllnent of ,vater po,ver on the river. 'fhis "Yill involve the construc
tiOll of a diversion danl and canal, ,vhieh can after',vards be utilized,
if required, for sluicing aceull1ulated silt out of the reservoir. 'rhe
po,,~cr developed can after\\?ards l)e used in tl.le neigllboring mines or
transnlitted to the valley belo,,~ for pumping !)urposes.· I~or either
purpose it ,vill be a valuable asset.

'1'110 standard canal section adopted lIas a hOttOI11 ,,,,jutll of 8 feet,
. water depth of 3.5 feet, total deptll of 4.5' feet, "rith side slopes of 1 to

1 in excavation and1} to 1 in ell1banklllcnt. Its slope ,viII be 0.0006.
III the first 12,000 feet of the line the depth ,viII he slightly increased

to provide for seepage lo~ses. SInall drninage lines \vill be crossed by
Ineans of concrete culverts. I~ll1nle const.ruction ,viII be elnployed

~ onl~~ ,vhere absolutely necessary, on aCcoullt of its lack of perlna-

i
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Esthn.ated cost of l)ou·er lJ1ant.
Diversion \vorks:

DaIIl .: ... __ .... __ ...... ... ...... • _ $10, 000
1,000 feet of fiulne __ . __ _.. _.. ... __ _... 2,325
'15,200 feet of canal _ __ _ _ _ _... 58, 975
S, 300 feet of tunnel, at $6 _.... _ .... : _ _ _ __ _... 19, 800

--- $91,100
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neuce. 'rhe adopted flulne Rectioll is a. rectangnlar l)ox, 4: feet. deep
and 7 feet 8 inches ,vide inside, built of :?-illCh rcd""oo<1 plank, sup
ported by frellne of nat iye pine. Sa,""lnills ,v"ill he est.ahlished near
the line and logs floated (lo\\-n Salt Iliycr frolll the lllolllltain Yalley~

above. This native tilnher \yill a1so he used for fa lse ,,"orks and
other tCHlporaloy structures about t.he ,,-o1"ks. "rhe details of .flullle
construction are SllO\Vll on 1)1. XXIII.

"1'hc1'o are to be t\VO tunnels on the lille, one 15,000 and one 18,000
feet in length. ])oth are to be in coarse gravel, and "'"ill he linell
,vith concrete.

No detailed ~ur,·eys have beeulnac1e of the line, and the estiJllates
,,"llich folIo,,· sholl1<.1 he regarded as onls· apprOXiIl1H teo 'rIle esti B1Htp(1
cost of earth excayatioll is 15 cents per cubic yard, and of rock, 81 per
cubic yard. C')

'fhe proposed callal ,,·on1<1 hend SOllle distance above the reserYoir,
10110"· above its ,,-atpr lillC, and finally discharge just. he10,," tho dalll,

witll an available head of about 180 feet. It is designed to ueli,·pl"
100 cubic feet per SeeOll(.1, and to develop a net energy of about l~:?('O

borsepo,ycl' after tle(lueting seepage, friction, and losses in ",rater.
wheels, electric plant, ete. It is designed to use 000 horsepo,,·c1' at
tIle d:Ull and 300 horsepo\ve1' at· the celnent luill.

1'11e po,,-e1' plant ,,:oill (,ollsist of three units of 300 l~ilo,,~atts eaeh,
one of ,vhich 'Yill b(\ telnpora1'ily installed near the celnent ll1ill, to
be used there in llluking CClnent and in tlrillillg for the ontlet tUll-

'nels, danl foundations, etc., before the perluanent. plant is installed,
1Intil it is desired to store "·ater aboye the :.?5-foot conton r of the
reservoir, at "'"hieh titHe the lnanufaeture of CCllH:llt should huyc been
cOlnplcted, ,,~hen this unit ,vill he placed aloilgside the other t,,"O
belo\\" the d:un. "rhe t\\·o 11llits plaeed be10,,~ the dant ,,·ill be at fir~t

protected by a telllpOrary po\yer honse, until the foundatioli of thl~

datU at. tha.t l)oint is o'rought up to the leycI of the ground, ,,~hen thl~

stono po\ver house ,,-ill he built.
. 'l"he ''''indo'vs of the po,,·er house ,viII be 10 feet above the bed of
tIle river, and the t.ailrace of the po,,·er house ,,"ill be provided ,vith a
gate by ,rhich, if it eyer bccoJnes necessary, back\vater fronl the dis
cl1arge of the spill,,"ays can be pl'eYellt~ed frOtH entering the po,,"pr
bouse. i\.t such titnes, perhilps once in t,,-enty or thirty years, it l11ny
becolllc necessary to elose tlo,,·n the po,,·er' plant for fi fe\v hours.

1'he fol.lo,,-ing approxilnate estilnate of the cost of the po,,"er instal
la.tion has been prepared:

,.'"", '...... :". +,~ .\'.., F ,
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'Vater ,vheel~~ etc.:
9 \vhee18, 8hafts~ llozz1es~ hOl1sings~ etc _______________ ______ $7,350
3 pair8 eonpling:-, for attaching dynanlos .... _______ 555
270 fpet ;)~-illch pipe for penstock __ .. . 1,600
Recpiver and f) branches . . .. _______ 1,555
Freig-ht on140~OOOpounds, a.t 3 cents .... _~___________ 4,200
Po,,~er hOllf;e ' .. __. . .. .. _ _ _ _ _ _ 10,OeO

---- $25,260

-;.

Electric plant: '
3 300-kilo,vatt. dynal110S and exciters . _. _
Trausforlners and lnotors . . _
Transnlissioll lines. . _. ..
Freight anel installation '..' . _ .. _... .. ~ .. _.. __ ~ __

24,000
35,000
1,000

12,000
7'2,000

., ~

I ..

Total cost of po,\"er plant ~ __ .. .... _.. _.. _______ 188, 300

'j'be pO\Vel' plant as planned is abont 'V]Ult is necessary in the (;011

strncti'on of the (lcUll and thp lnanl1faetllrp of cenlent.. It (Oolltclnplatcs
the u~c of the entire fl()\y· of the Salt lliyer at JnilliTnulll ~tagcs, and
llcnee is the Inaxinllllll that call be lnade H-v-aila-hle at full head for usc
at all thucs. l\.fter the eOllstrnetion of the' reseryoir this po\vcr can
be Iltilized for other purposes, llut if constantly req nb.'e<l ,vill conslllne'"
,yater froln the rcseryoir during the ,,~inter lllonths, "ohen usually a
sutlieient snpply for irrigation pnrposes can be obtaiued fl~oIn the
unregulated flo,,'- of the \'Y"er<1e l~iver. If, how'eYer, the po"ocr is used
exclusiYely (or ptllllping ,yater for irrigation, it \\~il1 not be required
during the season of high "-ater on the \'?'erde. "Then this supply
becollles insnftlciellt, it ,,-ill be necessary to start the IH1Jllping plants
and to dra"" ""ater froln the reserYoir, ,,-hirth can be utilized at such
thnes, both for po"oer and irrigation; hence, if used exelusively for
plllnping, none "rill be "-astcd.

'I'here are other IJo,yer possibilities in this reservoir site by arrang
ing to dra,," all irrig-ation ,,-ater £1'0111 the reservoir under a consider
able llead through turhines ,,~hicl1 can be used to develop po,,'er fo)
pU1l1pillg purposes. Snell deyclolnnent, ho\vevcr, ".-ill be of a very
different charaeter frolll the "oork~ already planned. rflle "rater ,,~ill

be dra,,-n under a variable head, and at tilllCS ofex.trenle searcH)·,
'VhCll the rescl'yoir 111ay run lle~lrly or quite elnpt~.., all(l ,vhen irriga
tion "~ater is nlost needed, the head ,\"ill be dilninjshed and the ,vater
to be dra'Yll \yill he insuflieipnt or entirely lacking at tilnes ,,"hen the
po,yer for ptlJUpillg is IHost nee(lcd, unless the duty of the rescryoir is
dhninishec.1 to n sllfflcicnt extent to prevent this. It is prohable, ho,Y
ever, that snch a llt.ilizatlon of the po"'-er could be profitahly lnadc.
A decision on this point rests 011 the eqnation hct,,'-cen. the cost of
necessary plant au(l· the yalue of lle(~CSsary storage eapacity 011 the
one side as against the value of the "oa1 ('I' plllnped on the other side.
1"hero is, ho"-ever, a li'lllit 1'.0 the ayaHahili ty of nndergroll nd ,vaters
,vhicll can not be definitely kno"-ll uut-il nn extensive trial is llutde by
pUlnpillg 011 the large reservoir of ,"'aicr "'hich seeD1S to bo stored

•
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No.1. Limestone near datu site; very abundant and conYellicnt.
No.2. Cu,lcareouR shale ncar dam site; lodgo 1 foot thick; expensive to quu.rry.
No.3. Shale near dam ~ite: ledge 4 inches thiek; expensive to quarry.
No.4. Cla}- 11uile froIn danl site; abundant.
No.5. Shale nea.r dam site: ledge a inche~ thick; expensive to quarry.
No. 6. Ch~)r fI'OIll Sallie l\Iay Canyon, 8 Inile~ fronl datu site.
No.7. Cia)- from hills, 31uiles north of dalIl site; veryahundant.
No.8. Shale from canyon below danl site; ledge 2 feet th:ck.

underground ill Salt l~iver \ralley. 'rhe prohlelll, }u)\vevel', is an
attract.iv·c one, and deserves extensive study in connection ,,"ith the
utilization of Salt }{iYC1· reservoir.

CE~I~~NT )lAXUFACTURE.

rl'he llatura! topographic conuitions of this site a.re very fav'ol'able
for the construction of it nUlsollry danl of the nlost! couservat,ive and
perlnanent design yet devised. rrhis fOrll1 of constructioJl, how"ever,
is rendered very expensive by the rCJllotcness and ditllculty of access
to the site. 'rhcrc is a ,,~agoll haul of over 40 Iniles aeross Inountain-,
OIl'S country frOJ11 the cnd of the railroad, "rhicl1 is a branch road \\~ith

light traflic arid high rates. It is estirnated that cenlent \\~ould cost at
the darn site about ~D per barrel. ~\s over 100,000 barrels of CClneut,
would be required for the dan1, such a price is a Inost serious handi
cap to the project, and presents a strong tCll1ptation to adopt a rock
fill t.ype of titructure ,vhich \vould he ilulllcnsely cheaper. IIo,vever,
before deciding this inlpartant point, it ,vas t.hought hest to investigate
the possibility of Inanufacturillg ceUlent in the vicinity, and, \\rith this
object, search \vas'lnade i.n 'I'onto Basin for luaterials suitable for the
purpose. Eight samples of l'oek and clay \yere sent in fOt" analysis
to E . .1\.. Duryee, supel'intendent of the cenlent 'yorks at Colton, Cal.
TJle analyses ,vere as follo\vs: .

: : I I I IConstituent. , I No.1. : No.2. No.4. I Xo.6.1 No.7. I No.8.

---------1-1----1--1--1'--
lloisture - •.••• - .••.• -•.•.--~----------------...--.---I·---·---I 2.80 I' 11.2,) 20.10 " 13.40 ---.----SilicR __ •• . : ; 50.60 55.70,51.(0 51.f() I 67.HO
Aluminaandferricoxide ~ · i O.ro ,115.80 , 20.50 IIH.ilt ~ 2:3.70 I 18.tX»
}ragnesia __ . ... ~ . . j .60 4.0721 ._ 4.5iH! .Hi! .97~

Ca~ciulllC,~I:l~onate-·----~------·----------------·-·l ~!.~ 116. 60 11.80 I 6',018 i 10.00 I .0'
Insoluble 1eSldue -. - .. -- ----.- - ---:- - ---.- - - ---- ----I 3.•30 1---- ---- ---- --- - ---- ----: ---- ----1---- ----

Total ~ .• __ . 1 99.00 i 89.872199.23 1
1

9&424 ; l(xj~! 86.872
! I I !, !'

1'he shales, and especially salllpies 3 and 5., being expensive to quarry
. and grind, ,vere intendetl for use only ill case the clays should, upon
analysis, pro,"c to be nnsuitable for the purpose intended.

]~verythillg considered, saulpl(\s 1 and '7 al)peal"(~(l t.o be the lllost
favorable for the pUl'po~e, and accordingly a quantity of No.7 H-u(l
No.1 ,yore shipped to Colton for au oxperhllelltal burn. 1'ho follo\\"
ing i~ quoted fronl )[r. T)uryee':..; report:

The clay and lilncstone \",ere grouIHl spparatl\ly and then lnixe<1 in the propor.
tions of 6.18 pouuds lilllL'~tOlleand ~.'2;) pounth; ('la.y, uULking H. ra\\" Inixtnre that

..
'}
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-3
~,;~ Analysis of the ce11tent.Liuae ~ • , 63.56

Alumina and ferric oxide ~ 10.40
Silica ~. 22.85
~Ia~esia - . .______ .71

Alkalies not determined.

Analysi.~of lintestone front Salt River, ....-1rizona.
CaO . ~ - -- _- -- -- -- - - _- - -"_ - - - -- - __ - -_-- . - - - -_- -__________ -55.56
~IgO , . _-" __ ~ - __________________ •10

Fe~03 alld ..c\.120 S - - - - - _ - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - • - - - ~ - - .. _ - - _ _ _ _ _ • 20

SiOz--------------------------------------------------__________________ .51
CO:(cal) .. ~-- .. -~------------------ - 43.77

Total ~ '. .. . _____________ 100. 14

tested 43 per cent litlle. As the litnestone \yas very hard and therefore 111oro dif
ficult to Inakc into celuent than a softer Inaterial, flnor~par to the allloullt of 1~

ounces, or 1 per cent, ,,'"as :uhled. The luaterials ,,"ere also ground quite fine, but
no finer than is the practice in SOlne celllent ,vorks, viz:

Per <.~~llt.

Passed a sieve of ;jO Incshes to the linear inch ~ _.. . . _______ 99. 9
Passed a, sieve of 100 lueshefi to the linear inch . e. 99.75
Passed a sieve of 200 Iueshes to the linear inch ____________________________ 71. 75

The ra,v Inixture ,vas Illade into briquets, and these, after being dried, ,,'"ere
burned in a gasoline furnace. They burned to a good hard clinker of a. good color,
which yielded a celuent of good color.

.20
50.51
5.03

14.63
.66
.03

6.77
3.00
3.06
2.18

13.30

99.37

Analysis of clay .JV·o. 7, frol1~ Salt River, Arizona.
Chlorine .. .. _.. .. ~_- _
Silica . _

Fe;lOS'- -- . -- - -- - - -- - - - -- - - - -- - -.- . - - -- - - - . - - .. - - - - - .'- - - .. - -- - ~ - -- - -- - -- - --- .
A120 s an(l P :l05 - - .. - - .. - - - - - - - - - • - - - - - - - - - - - - - - - - - - - - .. - - - .. - - • - - - - .. - .. - - - - - -
Ti02 .. · ~~ .. ------------------
~InO __ .. _.. .. __ .. __ ... - - .. _.. -_-- -.. - - - .. - -__ . - .. _
CaO .. _____.."___ -__ . - _- _. . __ .... ______. _..
MgO . .. - .. __ - : _- - .. __ - . - _- - - - -- __ - - . _

K 20 - - - - -- .. - - - - - - - .. - - - - - - - .. - - - - - - - - - - - - - .. - - - - - - .. - - - - - - _. - - - - .. - . - - - .. - - .. - 
~a2()~---------------------------·-------:----·-------------------------Loss at red heat - __ - ._ - _ - __ - .... _- - .. _ _.. _ .. __ .. __ -_

Total .. .. _ . __ .. __ _• _ .. __ .. _ _ _• OO· .. ..

IRR 73-02--4

Tensile tests of the neat cel1tent briquets.
Pounds per squal"e inch.

7 days (1 day in air, 6 in water) ... ~ .. . .; 410
14 days (1 day in air, then in ,vater till broken"> .. 600
28 days (1 day in air, then in water till broken) 775

Cheluical analyses of Nos. 1 and 1\vere also lllac1e ill tl1e laboratory
of the Geological Survey, to test the lluifornlity' of the deposits. 'rhese
samples differ slightly fronl the s:llnples sent to i\l1'. Duryee, but still
are eUlinently suitable for 1'he purrJose. The follo\ving are tIle results
found in the Survey laboratory:

?~~~U~~_~~~~~w~
:" l.'-ri
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Altogctllcr these results are very gratifying, and proyc beyond
qllcstioll tho exi~tcncc of convenient and abundant Inateria.ls frolli
wllicll celnent ~all he 1l1£H1p. 'rho gr(~atest diflicultr is t.he seal'city of
fuel. 'fhcre is consi<lerahle ""ood in the reseryoir site, llutinly cot
ton,vood HJHl luc:-;quite, ,,"hich itl ,viII be desirable to clear out of the
reservoir in anyeyent. ""rood is llot ·suit.able for burning ~Clnent

clinker by llloderll lllcthods, but if nutdo into charcoal and then
ground to po,,"der ,vonld an~n\"er, or oil Inay be iInportcd for the pur
})080 fronl California. A large anlount of po,,"er is required for grind
ing the rock and the clinker, and a still larger alJlOllut ""ill he necessary
in the construction of the da111, for excavating to foulldation;'."(lUarry
ing and handling the rock, lllixillg and handling' lnortar, etc. If
steaul po,\·er ,vere used for all these purposes the Blnall anlount ~f

,vood at. hand ,,·ould soon be exhausted, find it ,,"ould be necessary to
haul ',,"ooel a long distance, or to illlport coal, either of ,,,,hicll ,vould be
'Ter):r expellSiYe. "'Vater po\yer can be developed by diverting '\~ater

frolH Salt River aboYo the reservoir site, carrying it in a canal above
tllC l)I'Oposed l~ike and dropping it through a penstock just belo'v the
daln. By snell lneans an Hlnple suppl~r of po,yer call be obtained,
a,railable through the COllstruction l)oI'ioc1 and after,,"ards also, if
desired. 'rhe chief expense attached to this dcYelop.1l1cnt ,vill be the
constru.ction of the c:lnal for cOllyeyillg ,vater frOlll the" diversion site'
to tlle danl site. l~ut as the po\ver ,,"ill be yaluable for other l)urposes
its cost is llot elltirely chargeable to the dall1, and e,rerything_ COll
sidered, t11 is is by far the c]leapest luanner of obtaining the large
alnoullt of po\yer required. This is treated lllore in detail under the
proper headillg, pag'e 45.

The estilnated eost of the cenlellt l)lallt, ,vith lllodern Inaclline1'y
capable of producing 300 barrels per c1aJ~, as furnished by 311'. E . .i\.
DUl')'ec, is as follo,,~s:

.. .

'il,
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'Vith such a In ill,..,clnd nsing charcoal for burning cenlellt, tlH~ cost
of Inannfactllre '\"'(Hlhl be approxilnately as follo,,"s, allc)\\-ing for,
!)o,vcr ,only the proportion necessary fo~' llHlilltaining and operat.ing
the electric plant !lrovided:

$0.70
i

t

.30 ..,

.90

.05 1

.05

Cost per barrt!l of nUlkiny Celltcnt at Sult Rirer d(un site, Tonto Basin.

Labor and snperintendence . .. .. __ _. _
Ra,," '111~l.teri(lls_ __ _ _.. _.. .. __ .. _ __ __ _ _
Fuel for burning .. _ __ .. _ _ _ _ _..
Po,ver (maintenance and operation only) .. __ . __ __ .. _ __ .... _.. __ _ __ ..
Repairs and sundries _.. __ _.. __ . _ .. __ .__ .. . _ _.. _.. .., _.. _ _.. _

--Total _.. _ __ .. _.. _ __ _ _'_ .. __ .. __ __ .. _ _ _. __ __ 2. 00

RO.A.DS A~D BRIDG~jS.

DA3IA.GES. I,'
!

TllC i"oad frolH Globe to Payson passes throngh the reservoir allHost
its entire length. In case of the construct-ioll of the drun this road
would be subnlerged, and it ,viII be necessai·y to l)rovide a ne":" one
around" the reservoir. If it "ere deflected to tIle east it ,,"ould be
thro,vn into exceedingly rOl.lg11 1110nntain country, "~}lere the COll

struction \vould be very expensive and the road beset by heavy
grades. BS" passing to the ,vest of the reservoir it ,,,"ould be necessary
to use the danl as a yiadnct and to build bridges across the spill\vays.'
There \vould not lJe a great alllonnt of road constrnction, and this
plan ,vould be far cheaper and furnis]l a llluch better road than coulel
be built east of the reservoir. 1'he road to the danl site ,'·ould' be
necessary in the construction of the danl, anel SOlllC sort of passage
,va~" oyer the SI>i1l,Yays ,vonId oe necessary ill operating the gates.

In vie,v of the contclnplated lnallufactnre of Ce1l1cnt ncar the daul
and tlle higll cost of stee.l delivered at the site, it has been decided to
build the l)ridges of the )lelail a.reh type-that is, a light steel skele
tOll ell1bedded in concrete.. rrhis ""ill be about as cheap anel far 1l10re

substantial and perlnanent than a steel bridge, find l110re in keeping
,vitIl the Inassive and pcrlnauellt character of the dalll. }:ach bridge
is designed to abut at one end 011 the danl and the other end on the I

solid rock: of tho hill, and ,villlulve one pier. rrho spans of caell bridge
\viII be 110 feet and 75 feet in the ("lear. 'rhe general design is ShO'Yll
in PI. XX. rrhey are both silnilar too bri<lges that. have been in suc-'

" ~essful lIse for years and involve no lle'v or 1111tried features.

.~
::~ or.rhe surveys sho\v about 740 acres of cilltivated land that ,viII be

sublncrgt~c11Jythe l'csel'~~oir. rrhe iJnprovelllents on these lands consist
luailllyof srnall fnunc ot' adohc houses, fences, antl irrigation tlitches.
It is thought- that an average v·aluo of $50 pel' aero for these lands'

. should he filnple to include all illlprOVeJll(~nts. ..\l)ont -1,400 acres of
Uninl!)l'oycd land is also in private llalHls, and has lit tIe or no value.
Allo,ving Bl.2.5 per acre for such lands, ,ve have Hi total for da-lungc's
of $42,500. '

I
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8900,970
91,000

188,360
-300,000

50,000
31,450
11,600
9,000

26,000
15,000

243,507

. 1,908,38"7

,VATER STOI~.AGE ON SAL'f l~IV}:It, AHIZONA.62

[241 feet above foundation; 100 feet available stora.ge. Capacity. 840J)()) ncr J-feet.]

257,420 cubic rards rubble Inasonry, exclusive of po,ver and celnellt, at
S3.50 a )"al'(l - .. _ - - _- .. - .. - .... _ - __ .. - - _- _ - _- - _ .. _- - - .. - .. _- - - - - .

CeInellt plant .... __ .. _ _.. _ _.. _..... _- __ - - - - .. _- __ - - - - .... - - _.. - _.. __
Po\ver plant, house, and canal .. __ ._ .... _...... _.. . _.. __ .. __ ;,. ...... -
~IaIlufacture of 150,000 barrel~ Portland celuent, at $2 a bar·reI_ ...... _.. _..
Excavation of foundation and riyer diversioll .. __ .. _- _.. _...... . _- _
Outlet tunnels and lining .... .... __ - __ .. .... - - - - ...... - - - - - .. - .. - .. - - _.. - - .. _
Gates and rnachincry _.. - __ .. _- - - - - - .. - .. ~ . - - - - - ~ - - - - - - - - ...... - - .... - - - - -.
Outlet to,yers, shafts, and houses .. - _- _.. - .. - - __ - - - - - _- - _.... - .. - _- .. _.. _- .. - ..
'Tia<1ucts across spill,vays . __ - _.... __ - .. - .. __ - ~ _ :- - - _.. _- __ ...... _- __ ..
Roa(ls -- -- .. - . - - .... - .. - _. - ..... - - _.. '- - .... - - -- - - _ - j - - ... - .. - - - • - - - - ....

Engineering ana contingencies, 1;' per cent _.. _.. - .. _- - - __ - _.. - ~ _- .... _. __ .
----

Cost per acre-foot, $2.27.

'!'ho cost. of danl 20 feet 10,,,,e1", storing 600,000 acre-feet, ,"'ould be
practicallJ- the saUle for all itenls except the luasonry and CClnent,
'Y]lich ,yould l)e abOll t 20 per cent less, 111aking the total cost about
.$1,680,000, or B2.75 per nere-foot capacity.

Estil1l.atecl co.f)t of Salt Ri't"er storage dant.

'"1'he follo,\"iug estiInates are based upon the data 'a.t hand in April,
-tn02, and are subject to 1Hotlificatiol1:

rj'hc balance of the reservoir site-about fJ,OOO acres-is pnblic lalld,
tIlO control of ,vhicll is in litigation, and ,,"ill 110t be included in this
esthnate.

Total cost of structures _ .. _ _ .... .. _ 1, 86G, 887
Daluage to private lauds .. _.. __ __ __ _...... __ :- __ .. .. 42,500

COST.

Generous Hssistance und yaluable suggestions relatiyc to.1110 studies
of the problenls discussed in this report hay'e been l'ecciyecl fro III

llUUlcrous sources
ESI)ecial lnention is due to the ,,·o1"k of 1\lr. C. R. Olberg, ,,·ho as

llrincipal assistan t has perfornletl the l11~tjor portion of the yoltuninons
cOlnputations and lllost of 1he (letailed designing eOllnceted ,,·ith the
structures adopted for the Scllt l{i,·er reserYoir, nnd has (lisplayed ill
tllis ,\·ork~ a eOllnnclHlahIe degree of skill and cOllseientious care.

rl'hanks are due to l\Ir. "~. II. Co<.1e for the l)cncfit of his yaluable
eXl)ericnce in ptlluping ,yater hy electrie IHnYPl" for irrigation and for
llis advice regarding' the r(~lH!iYe (lUalltities of "'ater consulllcd in the
various 1nol1th8 of the year.

Ackno,v]e<.1g1nellts-ar~also due to :\11'. }1'. l? rl'rott for yaIua.ble infor
1l1ation ('olleeJoning the ''''ater snpply and for sur,"eys on thp )[eDo,vpll

• reservoir site, the lat.ter heillg' ])l(Hle at eonsiderahle CXpl\llSe to hilll
and freel)" furnished in the pub1ie i nt('rt~s1.
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lIon. CHARLES D. "iALCOTT,

Di1"ectOJ" Ul1/ite(l State8 Geological Su'r-1)ey.

,
I

DEPART)lENT OF TIlE INTERIOR,

UNITED ST.ATES GEOLOGICAL SURVEY,

, DIVISION OP IIYDROGR.APHY,

lfTashingfon, D. C., J'une 12, 1902.
SIR: I llfive tIle bon'or to transluit here,vith a luanuscript by ~fr.

Arthur J). Davis, giving the results of surveys and investigations for
,,-ater storage on Salt and 'Terde rivers, .l\.rizona, and request. that it
be publisllc<1 in thf1 series of "Tater-Supply and Irrigatiion I:>apers.

'rhe results described in this report ,vere obtained b)' ~rr. Davis
Inainly during the yea.r 1901. Assistance ,vns rendered by the local
Huthorities, conllnittees, and citizens of l\Iaric.opa County, ..A.riz., and
through the cooperation thus had it \\9as possible to go into details
,,~hich ul1(ler other circurnstances eould not have been discussed. 'l'he
,,·ork is of great value, not only to the Salt River ,Talley, but to other
pOl~tions of the arid region ,vhere ,vater storage ,viII in tIlO fu ture be
uIH.l~rtakell, as the careful 'York of 311'. Davis has delnonstl'ated the
feasibility of lltilizing natural resources, particularly in tIle Inal{ing
of cenlent and turning to ad v"antage !)reviously llnsllspected Ineans
for conserving \vater. r-fhroughout ..A.rizona and the entire South,vest
the developnlcnt. of agricultnre, and to a less extent of mining anel
other industries, rests upon ,,~ater conservation, since in these vast

,
. areas the streallls are for the lnost part of slllall vol1.l111e and are sub

ject to occasional destructive floods. 'rhe inlponnding of tllesc is one
.1 of the lnost iluportant fnndalnent.al steps to be taken to\vard the utili

zation of the vast area of vacallt public lalld.
. Very respectfully, F. II. NE'VELI"

I IIyd1'ographe';- in Cha1'"ge.
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l~y ARTIIUR P. DA"VIS.

.e:
~_.-.......,o

j Salt I~iverValley lies south of the center of the rl"erritory of l\.rizona,
and contains by far the largest irrigated area in that 'rerritory. Its
""ater snpply is obtained fronl Salt lliver, fornling belo'V' the conflu-

I cnce of 'Terde River the largest streanl in ~\rizona.
: Verde River drains the central portion of Arizona, and Uppcr Salt

Z, River the east cClltral portion. 130th streanlS a.re nlore or less torren-
~; tial in character; the combined flow dwindling at times to about 100
~ i cubic feet per second, and ,at other times rcaclling a volullle lllore
~ l tlUlU one hundred tilnes as great. .
!:J ~ '1'11e .ueveloplnent of Salt ItiYer Valley lIas been carried on bv
~ i diverting the natural .flo\yof the river, ,vhicll is not sulTIeient for the
~ ~ a<ljacent lands. Settleulent and cultivation, eneonraged by years of.
(/) ~
w ~ large or norlnal "yater supply, haye reached a point ,\rhere dryer
~ 1 years do not furnish slltliciellt ,vater for tIle proper irrigation of lanlls
~ t alt·ea<.1y· ill cultivation, and unless the ,vater stIppl)r can' in S0111e ,vay
~ f he increased not only lunst agricultnral developnlcnt entirely' cease,
~ ~ but SOlne of the land ~Iread.y· in cultivation Inust bo abandoned.

i 'The unprecedented drought of the last three years has brought the
(, people of this region to a rllostvivid realization of this c.o~dition,and
, to a strong determination to by some means secure the construction
I of reservoirs for the storage of the ,vaters 'Yhich no,,' go to ,vaste
t cl11ring the IncIting of the sno,ys jn the spring, e111(1 during the tOl"l'CU-

I lial rains of the late SUIUffiCl\ "J'he agitation for storage led t.o the
; forllHlt.ion of the citizens' cOl111nittce in ]>hoenix for prolnoting investi-
~ g-alions and for tlevelopiilg SOinc project for the storage of 'V:Lter.
fi·

~ 'rile action taken is set forth in the follo\Ying COIHllluuication received tt
(; i.'
if: in };ovclnbcr, IDOO, by the Secretary of the Interior, frotH 1'11". ]3. 1\.' ~:i

i Fowle,", president uf the Salt River Yalley water-storage cOlllJnittee: i:~
:;:r-- I The citizens of the Salt River Valley of Arizona have, as a result of a protracted 11;-H- I lIt b • i, i. t rCIHl~ 1 ,.eCOlne thoroughly arou~ed to the vital importance of forest pl"otection, ·t"f:·...},.~,11 f· aJlt especIally of ,vater conservation through the construction of reservoirs. .

~- ---t-- ~ ~[ ~
.-" "",j 1 S, • aSH llHJctillgs lHn·ye het~n !lela an<}; noll organization fonned rcpresen tiug all of the f( ..~

. j ·-t . ~ ;. <Ii \"er~e illt~re~ts of tho va.lley. .A:s president of this orga.nization, I have been i..-:: .I~~:tl;~~~~~~. and empowered to take active steps toward bringing Ilbout

9

better I't ..
~:;:::,~:,~~~%~~~~~~T;:~V~~~~:~:'::~:~~~~~·: ....
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[NO. 73.WATER STOr~AGE ON SA1,T RIVE]{, ARIZONA.10

'l"his letter ,vas referred to t.he Director of the Geological SuryeJT,

who replied to the Secretary of the Interior on January 14, 1901, as
fo110',,"8:

I haye the honor to ackno\Yledge, by reference from the Departlllent of Decem
ber31,for earlyl'eport and return of the papers. a letter flated November 20, from
:hIr. B .•~. Fo\vler, president of the Salt River \Talley storage cOlinni'ttee.

In this 1.Ir. ~"'o\vler offers to cooperate to the extent of furnishing $1 ~500 in the
investigation of the \vater resources of the portion of countryaboYe the Salt Riyer
Valley_ This offer of cooperat.ion should~ in IllY opinion, be Inet ,vith hearty
appl'oval and inYestigations pushed for\vard energetically in thof;e regions ,vhere
the l)eople testify to thenee<1 of this \vork· by furliishing financial aid.

The offer of the 4rizona people is cOJllparaole to that of the California Water
and Fore~try Association, ,vhieh has paid one-half of the field expenses of shnilar
investigations in California during the past year.

:?tIl'. ji"'ov;ler, after presenting his letter of November 20 to you, and llaving a
personal conversation, filed in this office a copy of the letter. In VifHV of the
neccssityof beginuing ,,·ork iunnediatuly, ,v'Idle tho eIhnatic conuitiollS are favor
able, I anthorized thu l)egiuuing of this A.rizona \vork, and \vill iUl.ve it pushed
for\var<1 to cOlnpletioll if it continues to Ineet your approbation, as I ullder8talld
infonnally that it does.

1'hc\vork 110\\"1U hand consists of a thOl'ough ex~uninationof the drainage basin
of Verde River, tho gaging of the streaU1S, and the deterluiniug of the ,vater sup
ply; this latter iuvolving the surveya:ad exaluination of possible reservoir sites.
Aftcr this is cOlupleted, it is possible that \york will be continued on the Salt
River above the Verde.

A c~refnl study of the situation has sho\vn that. as.' preliminary to the construe·
tioll of. .~ystelns of ,vater storage, ,ye Innst }lave a:fnllkno\\·ledg\~()f all of the
physical conditions of topogral,hy, \vater fio'v, depth'ofhc<1 roek,alliount of sedi
ment carried by the \\~a.ter, and othOl' faets. With +hese fUlldault:)ntal facts~ and
'\",ith cstbnates of the cH.})aeity aud cost of GCHltitruetioll, it ,villl>c pOtisilJle to dis
cuss alternative projects~ana to lay hefore the people the data by ,vhich they ean
be b'uided in iuture action, ana by \vhich Congress luay consider the advisa.bility
of public ,,"orks for the regulation of the strealllS and for the reclaluation of arid
lands.

We understand that one of the bureaus of the Deparbncllt of the Interior, viz,
the United States Geological Survey, has heen authorized 1,Y' Congress to ascer
tain these facts relating to 'the rcchnnation of the arid region, the storage of ,,"'ater,
and }'elated suhjects. Also that the delnancl for ,,·ork of this kind far exceeds the
funds available for carrying it OIl, and that as a cousequence \\"ork is being COll

centrated in localities ,vhere the greatest public interests are to be served, and
particularly \vhere cooperation is offered by the people 9f their legislatnres.

In vie,Y of these conditions, I fl.lnauthorized to bring before yon the great
importance of this 'w'ork to the people of Arizona, and as an evidence of our earn
estness in the Inatter to offer to cooperate to the extent of furnishing $1 !500, to be
disbursed upon the usual approved vouchers, an equal alnount to be allotted froln
tlle fU1Hls of the United States Geological Survey, to be expended by the latter in
.making these investigations. l\Iy conference ,,·jth the officials of the Geological
Survey has ShO"'l that this proposition is acceptable to theul, being siluilar to the
cooperation no\\"" in force ,vith the \\Tater and Forest Association of California,
a,nd also ,vith officials in various States,

I trust that this luatter ,villlneet your hearty approval and this greatly needed
investigation can be begun at Ollce.

",,'
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~o to yon. and ha.ving a
letter. In ,rie\v of the

tic conditions arn favor
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No. 65.

AX ACT to authorize a.ny county in the Territory of Arizona having an assessed valua,tion ot
dgbt million dollars or over to pr(~paro plans anll specifications for n, storage re~rvoiror
rc~rV'oirs,dam or dams, to acquire the:.sitc for the slu.Iie, and to provide. the necessary funds'
to defray the expenses incurred.

.l\ccordingly, early in January the. hlvestigation of t.he ~IcDo\vcll

rt's('r\~oir site, ncar the lllouth of\Terde !{'ivcr, ,vas hpgUll. l\[casllrc
lIu'nts of t.he llo,v of the river "'ere also begull at. onec, au(1 borings
were Inade i 11 oru er to ascert.ain the nature of the fOUlldatioll for the
proposed (hun. '\Tllile the borings ,vere ill progress surveys ,yere car-·
ried on to deterluine the capacity of the reservoir and the cubical eOll
tents of the daIn. rrhe ,,'ork at the )lcDo,vel1 cl:lln site "'"as concludc(l
on ~\.pril 20, \vhen the public funds available for tho ,vork ,vere alillost
exhansted. i\.bont this tinlc the ,vater-storage cOllunission ,vas
appointed, uJlder tIle act of the i\.rizona -legislature, as follo\vs·

11,VAT}~R·ST0RAGr~ CO:\Il\{ISSION.DAVIS.]

Be it enacted by the leglslative asseulbly of the 'l'e'i'r-itory of Ar'izona:
Sr:CTIOX 1. Any county in the Territory of .1\rizona having an assessed valua

tiol1 of eight million dollars or over Inay avail itself of the benefits of this act by
cOlllplying vrith the provisions as hereinafter provided. The board of supervisors,
npon the petition of fifty qualified electors and freeholders of said county. shall
rp(ll1CHt the district judge in ,,,,hieh the connt.y is located to appoint a board of
,,"ater-storage cOllnniBsiouers, and the judge shall within ten days therea.fter

I
.:.~ appoint five qualified electors, ,vho shall be resident freeholders of said county,

,,-110 shall be kno\vn and designated as the board of ,vater-storage COIDluissioners.
Eaeh of said comnlissiollcrs shall hold office for one year anel nnt.il his successor

i i:-, appointed a.nd qualified. Before entering upon the unties of his offIce he shall
t...: ~Ye hond in the SUIn of one thousand dollar5~ payable to the said county, for the
I faithfnl perforlnance of his duty. Said bonds shall be approved by and filed ~vith

I

the lJoard of supervisors of said county. .A.t its first nlceting the board shall
."-.. urg-anize by the election of one of it;) Incnlbers as president. It shall also elect a

l"t'crt'tary, who Inayor Inay not be of its ulunber. The cOlnpen~ation for the
lIlf~111bers of said board shall be five dollars per day for eaeh clay actually elnployed.

I:..

... Tlu>.y Rhall also be allo\vcd their actual tra.veling expenses. The salary of the
:-'i.·(·retary shall be fixed by the board. 'l'he hoarc1 shall establish and Inaintain an
otlice at the county seat of the said county. It shall he the duty of said ,v'ater
~torage cOlluuissioners to eXfuuiI1e reservoir sites, cause to be luade surveys and
,",4 tll!Hlings, deterlnine the capacit.y ana estinlate the co~t of construction of said

, i'r'.po~ecl reservoir or rc:::;erYoir:3, (hun or dalHs, deterlllhic the extent of the ,vater
i ~ht'ds and rainfall thereon; to collect Huch other infornlation as shall sho,Y the

I wat"r available for storage use in sahl coi.lnty for irrigating I)llrl)ose~; to provide
.: :., If the aCClunulation of snch other inforluatioll as lllay he reqnirel1 therefor ~ ano.
~ ('an~e austracts therefrcHn to be published in :-;01110 IH~'V'spaper puulished and of

;:"I1pral circnlation in saicI county; to elnploy UIHl fix the ccnupensation of a, COlll-

l~·t~·Jlt eU1:-rincer or engineers; to prepare plans, specifications, and esthnates for
...~dfl reservoirs and d~uns aucI file a copy of the saUle ,vith the clerk of the board
Ilf supervisors of said county; to elllploy and fIx the cOlnpensatioll of legal counsel

.; • ill allY' Inatters ariHillg under thh~ act, or llece~sary to 'authorize the clJllstrnctian
'If the u:nlls or reservoirs referrc:<l· to in this act, atl~l to select the Inost n,'·ailable
r~'~~rvoir site or ~ites, and, to aeqnire the saIne, together \vith any rights of ,vay
nl:t·.··~saryover public or priva.te 1lroperty. by pnrchaso or through eluinent dOluain,
In the nUlne of said county of )Iaricopa, antI for the benefit of the people of said
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county; find to l1cgotiate \vith and oLtaill agreelnents froln canal cOlnpallies in rela
tion to the distribution of \vater or its delivery to the l)oint of ultiluate usc, and tt,
cooperate ,vith or coutriliute to'Nards the expenses of allY inycstigations 1101V beilI::
lnade or }lcreafter to he luade by tho United States Geological Survey, and tfl

transfer to the National GovernUlellt any reservoir site or rights therein or therettJ.
or cOllnected thcro\\"ith, \''"hich Inay have been ilc(!uired hereunder, in the CYCllt

that the National GOYCrUIIlCnt should undertake the construction of the reservoir.
Slee. 2. For the purpose of defraying the exp~nses of the hoard of \Yater-stora;!e

cOIDlnissioners, the board of supervisors of any county aya.i1iug itself of this Het

shall at the titne of leyying Territorial and county taxes ill the years 1nOl and 1!.Jft~

levy an additional tax: ,of one Hnd OllC·}Ullf Inills on th~ dollar on all taxable prop,
ert)" 'Yithin the said eonnty ~ to he collected as other taxes are collecttld; and t11e salt!!.'
s}lall be dellolnillatcd and kllO\Vn as a ,vater-storage fund. The board of "\vatf.'r
storage cOllllnissioncrs shall audit and approye all bills for expenses illcnrre(l
under the provisions of this act~ and present the saIne, together ,,·ith the elailn~

for tllcir ~alaries and expenses. to the hoard of snpervisors, ,yho shall, if found
correct. pay the saIne out of any Inoney in the 1vater·storage fund.

SBC. 3. All acts and parts of acts in conflict "Tith the provisions of this act are
hereby repealed.

SEC. 4. This act shall take effect and be in force from and after its passage.
Approved, }.Iarch 20~ 1901.

Tlie ,,"ater-storage cOlnluission consisted of J. 'r. l>riest, Charles
Goldlnau, 'V. D. Fnl-,viler, D\vight 13. IleaI'd, and J. G·. PetersoIl.
.J:\rrangelnents ,ycre Inade by ,,-hich the officers of the Geological SlUt.

,"cy·,Ycrc to prosecute inYe~tigationsat the reservoir site on Salt I~iYer

at the lllouth of rfollto Creek, ,vith the lHHchineryand canlp eqnip
Inent of the Geological Survey, the "rater-storage C0111lnission to fur
llish subsistence and to pay the laborers and incidental CHJnp expenses,
Borings and surveys ,,"ere ca.rried on for about three 1110nt11s, result
ing. ill a thorough l(llo\\·ledge of the foundation conditions for· a hig-II
danl, the cubieal contents of the saIne, and the capacity of the reser
voir site for each 10 feet of clevatioll abovo the river fronl 10 to 20(;
feet. 1.'he results of all these invest.igations and the Illans founded
tllereoll are giYell in tho follo\ving pages.

. "er(le l~iver rises in the 13lack l~orest,neal' t.he line of the Atchison.
']~opnka., and Santa l~"e ]lail \'·ay. Its general course is Hi little east of
south, d raining the I)}aek. 1Iills and ]31ac]~ )Iesa. 'rhe prineipal trihu
taries frOllt the cast are ])ragoon li"ork, Oal~ (;reek, 13ea,ver (~reck, (;}par

Creek, and ]~:ast \Tertle ]{iver. 1\.11 are of eOllsiderahle length and eOllll'
_frolll 1l10ulltainous eouJlil'y, ,vith relatively high rainfall, and fUl'lli~};

tllC Blain portion of it~ \\~atel's. 'rhe ouly tributaries of cOllseqnener

fronl the ,,~est. arc "!"alnut Creek, near the head, alld Granite (;l'e\~k.

'Vllich rises near ]>reseott and 1l0\VS llorth,,~ard. rfhese cl'l)cks nrp 1l~11'

nll),r dr)r. 'rhe total area draille<l hy the \rCl'ue is ahout-G,OOO squa n'
Iniles, ranging in altitude frolll 1,250 feet a.tl Calnp )IcDo\\"ell to O\·t.'~

8,000 feet. rrhe topography of the hasin is ,,~idely varied in clutractl\r.
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[Dra.inage area G,OOl squaro miles.]

Esthnated 1nonthly discharge of lTerde Ri'L'cr at, J.lfcDou;ell.

WATER SUPPLY.

'I'he flo\v of 'Terdc I~ivcr at )[OUllt l\IcI)o,vell "'"as directly ohserved
hy the lIudsoll I~,escrvoir COlnpany frolll Fehrnary 4, lSn.s, to ..Tlll)" aI,
}K!,(j; and by ~,hc (h:~ologicalSnryey frOlll .i\pril ~O, IS!)" to ~ovenlber

:30, IS!)!), and d nring IDOl. rrhe balance of the record frolll .i\ugust 1,
lSS~, to (January 1, IDOl, is derived fronl the record of the discharge
of Sa It l~ivel' at i\.rizolla dalll belo\y the 1110uth of the 'y" erde, :tceord..
jug to principles set fortll on page 2-1. .A.s these rccol·ds nre noce8
~ary hI cOllnection ,vith the ~t:rl<.ly of tho duty of Salt Jliver reservoir
they are giyon by Dlonths in COllllcction there,vith, on page 26.

'fhe mo~tlllydischarge~,as far as COllll)letely kno,vl1, are as fo110'","8:

~l~ar the llcad,,·aters arc J~ig Chino, " ... illialJlSOll, TJittlc Chino, and
J.,one~OJlIC valleys, each of \yhich .is an extell~iYe plain yielding- little
run-off to the riyer. ]'he greater 1>ortioll of the basin, hO\\'cver, -is of
Hlllouutainous cl1araetcr, being cut ,,-ith profoulld canyons and,
llottl'd h)" l'llggca Inonntains. Only a SHutll proportion is ,vooded
and the soil is kept nearly baro by excc~si\-e grHzillg. ~\s nlight be '
t'xpected, the run-olI is largely torrential in character, and the floods
(tarry 801ne silt.. In this respect it is not as favorable for storage as
the basin of the Salt.

Ip Discharge in second-feet. I I Run-off..

I Month. M ~ I}\[" . !M Ia~~;-~e~~,. IFe~~o;~ II Dept-hin
t alOmumo,. 1111mum°I " e.m. Is~~it~.e inches.

I/~--~l~~~-iJ~-~-~-·~~-~~-:-:~-r-:~-t:-::-::-:-::~:-::-:=-·=-::-:II-:-:::::::jf~:::::::::iF~: }~ ~g;r~~ II o:~ O:~l
I ~o\'enlher -.- ••.. -----------------! ~,s.~n 2HJ 4212:l,or,o .07 _07Rr 1~~:clllhcr ._ ••••-- •.••• - •.••• -...... 21,74.5 823 3,349 20".lf>i I .56~

; The yearl~:~_•••• _••• _•• , •• ~:.::.::.:.::::: -: .••• - •••'l'---'" -I ~t, 7~! -. -. '" -' ',::::.::: •_••-

!: .';\11llllry •• _. .•••_._._ ••••••••••1 10,480 6W I 2, 498 1 1",'l,lill .121 .48
T,:. ~;;~~~.\l;'\rr---------------··-·-·-----i 1.77a ~~~) I ~'1721 f~1,!:-);J .~ .~!. . . .-- -- .-- ---.-. _--. ._1 13,1.RO 1, ,f.. () I 3,4Jl 2t1." 44.) •• )4 • t)O:l,'
~ .'pMl __ . .• __ . . 1,112 4~¥.' I 'in:) 47,002 .on I .10

t" )hr ------.---.--------------.-----1 (;.~ 11~ I . ]g".,. 12, 1.41 .f~-j I' .ttJ
~,. Juf-w· ._ •• • ._. •__ 1 ]8:) 107 141 8,iJ-1() .()2 .O'~

~ ~\':ll.~,;;t~-··---------·----·-··-------I f~l 110 ~)ij8 l~,~t~ .04 I .04
~•• '" __ • __ • • • 1 .~,o 1.)1 2tH ] .... ,.);.) .(1:3 .oa
V~".,;, ::·.tt)l~?lJer -------------·-----·----1 ?l):; ]~71 ~r>o l~t,~~O .04 .u!

~ .1"_. __ • .____________ .~)... lfiO 2'_)0 ],l,.),~) .04 .~)

j,;~~~~~~y:r .-.-------.------.-----., .a~;~ ?l? I 0) Z:~~ I !7,~3<) .(!! .04
[ .r. ~---.-.. ---.-----, 12,H: h . t,U ...~8-13 I 1,4,&1.) .b4 __._77_

'ii.:,:., TI10 year ·--·-----··--··-----L_13,100 ](17 1,018 '__ 74~,o:~ -..:_._1~._._-.:~
J:\flUarv 1b~t(1 1----6~._--;.~._.'-:-(1.)0) --;:~ (j~ ----;--1'---4-0
r"l,rua- --.- •• -------------- •. -----; .>' ),-:,) .)! (.':,'w .;;:),)i.....~ .;..~ · ...f

. \[ 1 roy.--.- •.•• ---.---.-.---.---. b·l,4,0 410 4,.}44 .... )....,1.,.. .. ,(, .,ot
i ~ ar.' 1 I f ""1ft I 0)) .) ,•.c).! P"'l ()(.- f'» "'1\ 'I - -.-. ----- - - - _e .. -.- ),' . "....,' , .). ,. ,H • '... I -"

~),l,r) .••• _••.•• __ •.• .••• ... __ . 415 :!7'{ :3f).~ ~!],~n6 .00 .07
J'I\~···-··-·-·-···--··-···---·-·--.. I :!tiO 120 ] 74 1 In,~).~) .O:J '.oa
/ail(~ __ ._._ ; ~"'Ij II!} l!):J B,]~~l, .0:3 I .00
~la)· •••••• - •••••• --.-.-- •••-.-- •• __ 1 :.~;f) In7 ~~) ·1a.r~L) j .04' _04

I u~ru~t _._'_ •. _._ •• : _•••• _••• _j :i,7GO r)-w 1,lKH. I ]1,,(}74 I .:~ .m'

flOhtaino<1 ~J)' taking pruIKJrtionnl p~~rtof tlw (lil'}cha.r~~?fSalt Rivf)r nt Arizona (hUll,

. : ~ ,".,
. .,. '~.',
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12<J,&H

Z31 14,201 .04 _m
672 37,818 .11 .11

5,HSfi 3:U,l&'\ .90 .01
2<J() 17,244 .0:) . fill
1;>0 9,2;):3 . O·~ . (I;!

f.l<.1o) 4, OC>;~ .01 .01
2:?5 13,8-t:? . O-! :Of
8(),2 49, :{!l .1:3 .1;;
5:)() 31,r,;~ I .09 .]1)
3jli 2=3, ]20 .OJ .0;
~)(; 17,ma I .(~') .i)(;
B151 1~,3~':) .05 .00

--7781- 5(>.'),(0) .' ._ .13. 1.76

Dic;charge in second-fcet.

I
ii~ I 1HZ

]57
875 If).!
43.5 2"25
296 268

- _._-- - -.--_. ----.- - ---- ...-----
231 231

4,781 t48
144,301.) Z~

495 141
a~o f).!
10) 4-1
4.8 117

1,240 2'J:l
. 1,1G-! 284

244. 216
:~~H 2CO
~) 313

144,306 44/

I
2t34 2.11
2S4 2k)
{)flG 20;")
21;9 9;')

I

89 00
l=l:J (iG
2'2;J t)()

!~:?:J 140
71[) l:iH

I

714 l:t!
30:J t01
82() 2kl

9'23 60I -. -

'VA.TER STOl~AGE ON SALT 'RIVElt, Al~IZONA.

Month. I
Run-off.

. I Total ill Sccond-
Maximnm.. l\Iiniunun. ::\!ean. acro-fcet. feet per Depth in

I
square inches.
mile.

----'-----1-------1--1·--
1890.a II

~~~~~~:)~~._:::::::::::::::::::::=:: ~:+~ ~~ ~:!i1 ~:i~~ :tr~ :~j
Novmnhcr_ ------ ------ ---- .. - ------ 15,2[>2. 3.~~ 2,35H 1-40, i~n I .~,) .4:jDOCClnbel"__ .. 15,1i'i:"l! 555 3,1:30 . 19;!,·HU .52 _59

Thoyear ~~:__~~ 1,600 l~~I'- .278._ 3.6!l

1891.a
Jannar)" 7,1!l~ ! 445 1,-t:-J.S R8,2J! .2".? .2')

~~leabl~c·tll1a~n_.~-__-_--__-~_-=-__-_-_--_-_-_~_-_--_-__-_--_-_::_-_- 13S,<XX) ! :>n 1., 4H7
1 U70,();')] ~.!)1 3. ttl

.1' _ _ _ _ _ a,4HO ! 5'?;,) 1, 9:!S 1l8,r~f) . :~ .3i
April______________________________ 600 45H 5:.U I al,775 .• fY..) .10
l\Iay.______________________________ 3(;1 :3OT) 45S I ~,H)O .n~ .f~l

June_______________________________ 5.19 ~o 401 Z3,o-m .07 .11"
July ea. 4();'j 2)2 314 19,:">9J .0.') .'Wi
August .__ _ 3(iH 251 2"18 17,11~ .();) . f.;

. Septmnl><:'r a G:Jl 2"_>9 395 2:l,47;'; . (Ie; .0;
Octo1>er 1 310 zn 258 15,83~ .04 .HI
NovelIll">el' . 314 ZlJ 2>6 15,~:i:~ . III .W
DeceUlbcr ~-------------.. -------, 316 :..>u4 ~ 2O,1~') .05 .(~

. 1----·---------,----·.-------.--
The year .- • __ ._1 13.,>,(0) _ ~'9 2,001 !~~I_ .irn _4.:?,1

1892.(1 I _ ~ w~ I -January___________________________ 360 I 257 284 11,4;),') 1.05 .00

f.¥.\~f~1~ ~ ~~ ~ ~~~ ~~ ~ ~:~ ~~ ~ ~~~ ~i~ ~~ ~ I~ ~iiii ~ ~ ~mi,+mii~ ~~~I~m~Jm~ biH~IjH~ jm~ m~~ jjj~
July. .1 215 l8G. ];)2 ~,t174 .02. . cr.?
August____________________________ 198 ]2,172 .0:3 I .m
September 164 9,7&'; . Oil .(;J
October 223 ]3,712 .O! :Ol
NoveDlber 2.=)7 1;j,2():·J .04 _<J4
December_________________________ ~2 17,3OtJ .m .00

t

Esti1nated 1nonthly dlscharge of Verde Il£ver at McDo·wcll.-Continued.

4 Ohtninec11.y takillg' proportional part of dh:;elmrg'o of Salt River at. AriuHl:l. (hun.
b.A}llH·oximatt', fl"OlllUdllinnnH disl·hil.r~e l'l'l'()l"lh'll fOI' sanw ulonths iu l~UI.

cObtninNl hr tl~kill~ pro!>ortiollall)urt of disdmrgoof SuIt Hi\"(~r nt Arizona <laIn. Using l\Ir.
Trott'tl COJn]>~ltl\tl0118.. .

The )"ear • _

IH~llt

!i~~~;_~}:~ ~ ~:::~~::::~ ~~:::~~ ~~::: ~
.~Z:::~:~: ~::::: ~ ~::::~::::::::::J\uy • . _

August --- __ . ------. ---------
Septmnber __ . . -----_ --- _
Ocu)uer ------ ------ --------
Nov-cluber __ . - ---- __
Decem1Jer - _----- • ----- - - ---- - -----

~he yellr ~ _

1894.(~Janllar)?' -- ._

l~~~~s:::~_ =~ ~ :::::--:::::--::::: :::::
AJ)ril - -- -- - ---- - . -.- -:- - -- ----

~~~re::::::=: : : :=: : : : ::: : : :::: =:=:::July. _

Aug-ust - ---- - -.----- .----- ----
SeptenlUcl' - --- __ - ---- ----
Octol>el" - ---.-- --------
NOYt:nuher a ._ - ----_-

DOCOlubor . ---_••• -----

Tho y~ar • _

; .
f

.1

".
l ~

! ~.: .

I:

1 '. ~. .
.:;, . ~~~rr~~~~!}~'~·r~~r~~,~~~!';~~,IJY?i*J'.:i*'~~J!!~~J.,,~.'.~~...~.,.,.~.-~..........--~



Run-off.

_4. WEST ABUTME.NT OF Md)OV'v'ELL DAM S!TE. SHOW1NG GAGE. ROD.

.21 ;

.(JJ 1

.4:l ,

.59 I

[NO. 73.

. ]9

.O'.~

.39

.52

OO,Fru
~tlJ(j

].J(l,:tn
l~~.!, -161

AUIZONA.

~ Total in Second-

I.
': R(·ro--feet. feet. per Depth in

squaro inches.
ruile.

f'[)o".{'U.-Continued.

.!_J~~~I__ .27~ __ 3.6~J.

! ~8,2-H 1.22 .2')
~..;n, 0.')1 :!.91 3. (Xl
11~, 5:~) •a-J .37
at, 775 .f1.) .10
:?~, IBO . o.~ .09
~l,R·J!) .07 •o.~

I H, 2U1 •(\') •06
1", 11:1 . (};') . ())
~J, 47~ .lK> .01
]5,~J:J .04 .04
15,2aa .O! .m
::.'0,16.10) •{)'5 .l16



15

.41

.16

.29

.23

.Otl2

.O"~

.0"25

.004

.184:

.mu

.O!9

.0:>2

.36

.15

.25
'2?~.O~")

.0"25

.02'2

.Oi3

.lH5
• (~)1
.OH,
.045

131,474
48,4~H

£~, f~:~
,i.l,4d:
16,5,10
8t~~O
7, !.\~):3

::G, 9'~)a
5!),G:?S
1U,(X()
15,G!JO
16,417

2'j:~

487.00
:>1(;
170
l:~O

no
110
240
260
2('iJ
2()()

527
r>--.:a

1,&37
2.--.:0
127
12~
] Hi
1~

141
1U7
241
34;'

....... " .... -;. .,:. ......... ~; ., •.• ;.~ ..•'.'l

5,~3

- 33,(XX)
5,~Xl
8,40)
2,~(O

4~J

100
275

1,426
3-18

3,912
1,0(0

881

Discharge in ~-;;d~-I _~~~_

I I
Total in S('('011<l- I

Maximum. 1tlinimuln.' ltlean. acre-fect. feot'per! Depth in
square i inchos.
mile.

Month.

Estl1nated lILonfhly discharge of v?erde l~hJ'cr at ...lfeJJowell-Colltillued.

5f.o ~};-; sr»o 21 ,521 .(~ .07
3,5 ~~);) a·a 19, HQ . Of) . (X)
it~ 225 2H(} 15, m~7 .04 .0;)
2:)() 170 ;!f(, 12, Ins .O:J . f):J
210 llH ]52 t~, H-W .oa .O:j
2:30 ll~ 15:~ H,04;' . ttl '.t':i

1. -i(O 1l~ :It)!) 22, -UH •()() •H7
2,]';0 1(» 4:~t ~~H,()"-':H .01 .08
2, :)(0 1:~) 3;>7 ~~ •~~~ •()(j • H7
a, 7,0 ]fj() 5·H} .t~, .a, .(1.) •.10

2;")() :~.l:; 2():i -1:J.:!40 .oa .oa
aU-! :t~J ~J2 I:J, :H:j . (fj .06

. Th~ )·...ur .-, ---~ •. - •.•.•• __ •• ~==;J,7,~-:~_-~-_.=-~~=_::.~~-.~~_k~__ .=~~~~~~~~141.---:=~.G) .i=~~::
T~·:~~h\int ..ll"y tt.tkil1~ JH'opor1iollnlllu,rt of uisdmrg-c c~f Halt Hi\,pl' at. Al'izonn (la.nl. Using !\!r.

I • :; l:C)u1lmtatlous. . bCo)nl)ut41.tlOU~ nULl!o frOlll l\Ir. Trott'~ tigures.

1-----1-----1---·--1-----1--------
Theyear •••••••• _•• _._ •• _._. 1<>,687' ~) 710 513,705 .12 l.G!

1898. ===.:====1========1:===== I~-'== ======

~~:£~~!!.:::::.::::::::::::.~:::::::: ~:~ ~~ t] ~:t~ 1:* :~
~f~:~!l • --.-. -.-- .;---••• .'----- --.-.- ~g it& 319 18, nR:~ .m .06

~::t{::::::::=:::::=:::::=:::::::=: d~ ifJ ~]l ~~:~i :~ :~
An..,rtlst • __ •__ •• ••• • • 1,7:30 Hi;) ·too 2~.5~\f) .07 .08
~'pt('lnber•• ••• _. •• l,:{"O If.>:) 3:~~ 20,1]2 .06 .07

~:~\~~~~t::::::::::::::::::::::::: ~ ~ ~1 l~:~:1 :~ :~
1-----1-----1··----------,---------

Theyenr ._._••• __ .... ],800 1]5 3la 2"26,15:3 .05 .'i0
1&)9. ===========1=========1=====::::.1:=====::=--== =.:====: =-====-=::

~\r~;:f~~~~~ ~~ ~~~~ ~~~~~ ~ ~~~ ~ ~~~~~~
Jt~l;t·· ... _-- ... _---- ------ ._---.----

[:~~~€~i~~~~i~ ~~iifiiiii~:iiiiii

DAVIS.]

The year b••• _••••••••••• __ ••

1897.
•Tantlar}- b • __ • __ •••••••••••• _•• _

;i;~~habl~:.~::::::::::::::::::::::::
.;\pr11 b. __,__'.• '__ • __ • • _•.• _. _
~tl\)" • • __ • _•••••• _•• _. __ • __
.June__ • • ._ ••• __ • • _
.T u1y • _• • • • __ •••• _• _
A n~ust • _.••• e. .__ . ._._
~l'ptember . ._••_•• __ • ••.
()c·tol)cr •• •• • __
Xo,·enloor • ._ .•• _. •.
lJocenlber •.•••••••••_••••••• _

_------------I------I-----I----r-----I---- ----
4 0.:17 24S, ~!;) • 67 . 71
!:~~"8 n:I,747 .~~ .29
.l, ._>0 2"2.~, ;:H .H2 .71

750 4J. tj~!'-; .]3 . 14
2-~ 15, Ht4- _04: .04
153 H, ]{~! .0:3 .oa
145 8,H16 .0'2 .();~

3;")g 22.074 .06 .07
liH IO,47:j . ();J .0,3
47;) I 2H.207 .08 .09
46il 27, 5;"){) • 08 . 09
3tH 24,f).j2 .01 .~

1-----1-----1----- ----,----
Theyear_ ••••• __ ._•••..•••• _ B3,COO 116 1,O:a I 762,564:. .18 I 2.36

.Tnnt1nl'y ••••••?_~~·_.;.._..._._.... 35-i I 3t! 3".?4-~9,923 -- o(}')--I-·06
~~~~~~\~~1~~=:::~:::::::::::::::::::=: ~t~ ~lk~ 1¥t· l~:~i :~ :~
April._. ._ •••• _._ •••• • ._.. 2H7 2()(i 2?O IH,(1JO .04 .04

S~a~:::::::::=:::::=::::::::::::::: ~ ~ti ~I~ l~:gb~ :&~ .:gJ
Jul)" __ •••••••. _. __ • ._ •. __ ._.. 3,asO ~)8 8()·i 58,127 .14: .16

&:~t~t~y.~:::===::::=:=::::::::=: ~:r~ ~~ ~~ fH~ :~ :~
Xovember b ••• _••• _. __._.____ 747 8:-3-1 4~! ;'~},306 .0;') .00
Vcccrobcr b _•••••• _•••••••••••••• __ 444 32G at)2 21,r,..u .01 .05

98 ~l 2<J.3,6291~~

1895.(1
.Tanllary .. __ • _..••••••••••.••. _.

~;~~~1t.l~~ .=:::::~::::::::::::::::: ~
..\l-ril.--.-----..----.-.--.--------.
)l:\~- •• --. -.--.- - -.- •• ------ ----- •••
.T nne _•• _. __ - - __ .• - --. -- _- ---- •• ----
.Ttll)- • •.•• -. --.- - -- --- - -. - - - ----.l\\lg'llSt .. • _

~('ptC!nbcr •••••• _
()(·tober __ -_- •• ._ ~ - _
N'oyenlhcr __ e •• •• _ .. _

Dcccml)cr - .. --••• ---- •••• -••••• --.



t
?~

~~~

[NO. 73.

Run-otr.

Total in Seeond-
acre-feet. feet per Depth in

square inches.
mile.

Dischargo in second-feet.

:r.raximum. Miniml.un. .}Ican.

WAT}~R STOI~AG}~ ON S.AI.AT l~IV}~I~, ARJ)t:ONA.

MontIl.

16

'"1''''0 storage reservoirs have been proposed upon Vel·de l~iver. rl~lle

lIorseshoe reservoir, ,vhicll is described ill "Tater-Supply and Irriga
tion l?apcr Ro_ g, page Gg, is situated about 30 lniles ahove old Caulp
l\Icl)o\vell, ncar the lHouth of I.JiInestonc Creek. 1\n outlet tUllnel
has lJccn cut and H, l)Ortion of the canal has been built, hut 'York has
been snspended for soyeral years. rrhe capacity of this reservoir

~

\vollid hoabout 200,000 acre-feet. L
McDOWELL RESERVOIR. l

"J~his reservoiJ- site is situated above .l\IoHllt :l\lel)o,,·cll, near the
inouth of the \,rerdc, and includes tho site of old Calup )IcDo,vel1.
~rhe dalll site is ahout ~ lniles abo\re tho lHouth of the \Tcre1e. 'flds
reservoir ~ite ,vas suggested and partly surveye<1 by l\Ir. J~"rallk l?
rl'rott, the ,vat.er cOllllni~sioller of Salt Itiver \Talley'_

BOltlNGS.

}9fKl. a IJanuary .________ 1951 179 IH9 11,(;21. .0.1 .0.1

~~c;;:ch~~j:_:::~~~:::::~:::=::::._=::: i~} 1~1 ~~ l~:~A~ :~l :m
tipril - ----- - ----- - ----- ----.- ------ ~~ ~~ ~ g:~\~ :g~ '~r}
Jl~~~:::::=:=:~~~::::~:::::::::::::: 75 36· 5:~ 3,100 .01 :01
il.~l:l.;sr::~::: :::: :~~=::=::::~=::==:' . ~J. :~ l~i ~:rg :~1 :~~
Scptcluber 1 Oil') 92 121 7,1n.~ .02 .tfJ
October ~------ 408 ]07 1&3 11,t52 .oa .na
November -_______________________ 2,469 IH.'3

1

4:1) 2:\~!~ I .07 .(~

. Decembor ._ 272 2m 224: l.3,H<> .04 .().l

----- --------
The )"001" • • __ •••••••• • 2,469 3G ]61 116,679 .02;) .:~j

January ~~~~~ ._ .._._. __.. - 1,557 -- . 2:)9 i 351' 21,5;:) = .;,-= .:
}'cbrunry ---_.-------------------- 6,01a 394." I 1,859 It);3,249 .3} .~n1rlarch ._: • ._ 2,&,>-1 211 SU;') 55,018 .15 .17
April ""21 ]5:) 184 lO,n8~ 08 .()3

~1~;~~:::·---=-:::~!··::-;:--·! l:m :1 I I ~JI -I I :1
DccemLer .__ 2911 247 2G.S If),4~;' .04: I .04

The year ._. ~. ._ __ 6.6131 ........--~1~~~~ .07 ~_ .so

January ?_~~· -- 202 1

1

---19;1 2'24 13'7f\51--.o:-~ I-~
Februar~" . 248 2"21 239 la,2r. .04: - .Q.!

---_._-_._- -_._- -_._----'-------_....:........_----'-------
a No observations lunde during 1900 by United States Geological SUl'\"ey. Computations nInde

froln l\Ir. Trott'8 fignl·es.
b Computations llHLdu froll! ohseryatiolls iaken by United States Geological Survey_

; ,
;

• I

i
; i

]~nrly ill January, InOl, field ,vorJ.~ \vas begun hy tho Gcologieal
8u1''''o)'', ana an eXClnlinutiolL of the ::\lcD(Hyell J"c~ervoir site on Verde
Riyer ,,-ns Hunle. '1\"0 pipo-driYing lnaehincs and a dialnolld drill
,,"ore taken to the ground, an<1 bo.-illgS "·ere l)egull to <leternlinc the
l)o~itioll antl ehal'aet(\}" of bed ro(~k at, tlH~ site of the prop()~e<.1 (lcUll, )[1".

'V. l~.•Tolles, of ])C~ )foines, 10\\·a, heing (~Jllployed as drill fOl'CIUnll,

!l \ ~.: ' , .. f:'

~ft ..f.,-~'l.\"';""!~ ,.....~"'~i.f!.~t:', )~~"'~~?~.';il' "'1,'f''1?'t,'f!i'ii ,"",1, 1'.1f;:'';...::_~.:~:.:..~..;.r..:.:~:,.'~:'-'~~'il
~., '~""'."''''''.''~"';'''''''7''~'''''~'' 'I f"·~··-·1io' ::.... ". .J~ -4 "'_ .... :' .. \,.... - .... h4ll":}~ .~....... ..,.•.:-:"' •. ~: .... , -: ..~;:.·."'· ..:~~ .... :.·~~#·\~~···.."i•• :.;·'::;.7.( ,..
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[NO. 73.

.00 .07
.~~) .al
.]5 .]7
.03 .08
.()'t .02
.0"2 .02
.01 .O!
.11 I .13
.01 I .01
.frl \ .(t.~
.().! .()'t
.04 .04

lZO~1\.

cological Survey.

...............~. ....t~-'-.~: .... ,

~i;:;,liW~1I.M~iN§i;d~,,~~~.'rlirl~~:;.~{,l>i4\~,;.,:.~~j.:·;.4.;...~"·~·4~ti;w~";..."~.li.ii.""'lq;.,l\i."~~,

t,.
. ,'

~ . If,~., ,:,

c'

fi·
t·:
§,,:
1: .

r·
~

!t. ~

1
!

w,-ll-Continued.

21,aj;)
11t:J,:?·m
;)1),Ol~

10, ~\""~
H H06
6")0)0.)

]2:~16
~,:>fn

a,M.
~,~!() 1

11,;),1
1li,4~5

--;)1,Ul5 -~j .00
_ •. 1__-

---- ----\-.--

1:J.7R.:,) .00 I .03
1:3,271 .04 .04

ll"Vey. Conlputations nInde

1 Run-off.
i

tnt in ! Sl'cono· !
t'.f..:'ct. I feet llcr ;Depth in

I
sqnal'o inChes.,
Iuile.

-'---·"-1--- ----
n.H:?l .oa .0.1
It.nw .03 .oa
~•• ~t! .oa .(~-l
:,.:!l:J .01 .01
a.l~~ .02 .O·~
:~, HXl .ot .01
:J,17H .01 .01
fI,:!.~ .O"t .02
'i, 1B.~ •02 .o-Z

11 , tt)~~ •(~l . 0:3
.,- f'\" I ()"" \ 08-:" .!-~ \ .' •1.1.••a .0·1 .04

~itl).679 ,=_.o:~ .~--- --------
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ft·
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~
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1 ,rcrde l~ivcr. 'rhe ~
.. 1 1 J. f!

1·-~l1pp Y an( rrlga- e
~ile~ aho\·c 01<1 Calup t
.' .i\n outlet tunnel ~:
huilt., hut work has t

tty of t.his reservoir ~

i
~

:\leJ)o\\-ell, near the t
.ld CallIp ~IcDo,vell. ~:~

f:':

of 1he Verde. 'fhis ~
!J

,'ed hy ~lr. l~"rnlll( I). ~

te)".' i
111 1))' the (-jcologiea1h
.~scl'v()ir site on Verde [~
and n, diamond drill ~
L~\111 to d(\tcrluino the ~~
'l.\l' 11l'O[ltJ~~~d dam, )[r.~. ~l ·\IRl\~ I'. ~.
•y('l1 as drill forclnan, ,t.;'... . \ ~~ IJj I.'• s

. . 1
. . !

~!:~}:t~~~!~~~;{?:-:"~.~$.f.~~:~i·;B~~;.;t~~2'"~;~~~;~;~~::~~~;:!:~.~
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nAVIS.] l\['DOW}~LL l~l~tiEJtVOII~. 17

l\Ir. u. ]~. ()lborg ""as .intrnsted "rit.h the construct.ioll of a Jnap of
t.he reservoir si1:e in IO-foot contours, on a scale of 1,000 feet to an
inch, and a detaile<l lllap of the danl sit,c ,vas ntado Oil a ~C"alo of 100
fcctl to an inch. 'fhe field ,vork ,,·as uIH1ei' the gener'aI direction of
l\lr. I? I). "j'rott., ,,·hose duties as ,'''ater eOllullissiollcr, ho,,-cycr, prc
,"ented his cont.inued presence OIl the ground, so that the iUllllcdiate
eha-rge ""as assigned to )11'. E. G. II:unilton. •

'l'hc borings begall by attclnpting a straight ro"r of holes a.long the
axis of the danl proposed by 311'. 'frott,. 1'he conditions ,,,"ere fOlllld

to be very diHicnlt. .i\t a deptJl of about 30 feet a beel of Yor.;, hard
cenlcllted gravel "THS encountered, into ,vhich it ,vas ilnpossible to
drive the vipe, except ,vith the assistance of blasting, but ."\vhich ,vas
not suflieicntly eohoren t to be classed as solid rock. .

'j'hc "-Ol']{ ,vas also haulpered by the flllctuat.ioll of the rivcr, the
floods threatening several tilHes to ,,~reck: or s,veep a,vny the
nutCll illery.

L. ~ '"'
Coatour lnu"lIol 5 ,~

~"lO. l.-Plan of borings at. l\IcDo\vell d:un site.

];y l~'ebruary 26 it had been delnollstrated tIlat it ,vas at least lllore
than 70 feet to bed rock: in hole No.6 on fIle Blain axis of tIle proposed
darn, and the 'york being hanlpered here by fluctuating ,vater, .firr.
~rrott dcterlHined to t,l'Y along an alternate location, ShO""'}l in fig. 1,
farther upstrealn, and both lnachines. "'ere set to ,,~ork there on holes
Xos. 21 and ~5. 'rl'ho fOl'lner 'VHS soon eOlnpleted, sho\ving a depth to
I'oek of 21 fect... ~rhc Inachine ""as renloved to the site of No. 28.,rol'k ,vas pushed on :?5 and 28 until tho forlner reached a depth of
!aO f~et ,vithout stl'ik.iug· rock. ~rhis ,vas considered a prohibitory
f)('l)th for this location and the Inachincry ,vas rcturned to the first
loeation to continuc the cxploration of tIle Inain line. rrhi~ \vas com
I-14~tcd on J\pril ~o.

.'file ]oeatieJn of tll<~ borings on hoth lines is sho\vn i~ fig. 1. 'l'hQ
.d(ot-ths of bOl'ingH are ShO'Vll in, the table fol1<.:»,villg.

lRR' 73-02--2

~ . i

x;!lI.:~~tr:-~i./'i~'!!J:,*ii,rr;l;:~~~1#:4:A'~\\J~m};:,;t~;f,;:;~~;:;:'~iAm'nl\~W&ISW,.'l,,~~w.m~fl11*'''"~'~
-'::"::": .'
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[NO. 73.

Borings at ~11cDou'cll clant site.

Hole.number.

'VATER STORAGE ON SALT RIVER, ARIZONA.

Distance':-. I I
frolll Dt,;pth 'rotal Character of bod

benc-h troocbk:d Idepth. Ii rock.
mark. ..

-------------
Feet. Fect'l Feet.

·1 ••••••••••••••••••••••••••••••••••••••••• ;.......... 20 2"2 2",3 I Grallitc.

~: :::::::::::::::::::::::::::::::::~.:::::::::::::::: ~~ ~ ~j I M~(~k~~1:;~:~i~.
6._ •••••••••••••• ~_ ••• _••••• _._ ••• _•• __ ••• _.: •• _._._ 1~~ &) 92! Do.
8._ ••••• __ •·•• ••••••••• _.••••••. __ ••.••••••••••.•• ]t)() 4~) fin; Granite.

]0 ••••.•.••••••••••••••. , """ •••••.••.••.•••••••.••. , 200 40 46 ; Hard ~ra)'grallit".

~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~i::::::~~~: :::::~: ~ Igr~~\~:~:::~heu.

18

Eleva· I ftion . ,
alJoyc I Capacity! Tota.l
lowest Area. scc~fon Icapacity.

f1¥~:'a. ~II__. ._
Fe1fiJ Acrl~: AC,.e.r7~r Acre·/rot.

110 91 525 I 505
120 3·n 2,110 I 2,7();")
13) ~'17 5,240 I 1,945
140 I, (J.a 8, ~~;)(J IH, ~{I;)

150 l,fiH IH,fj70 :~J,5{);)

)00 2, ~)~ 19, IB.=)! 50, :Y~
170 3, tH·l 2';, 1:9.J I "';'7, 4tiO
180 4-,03! 3:1,BI0 llH,;-.H)
100 4, ~JOO 4;),120 I 1;).,",420
200 6,020 M, (l)() I 21!i,470
210 7,213 6G,16.~ 279,G35
2'20 8,493 _•••••••... _ ••••••••.••.

I I

CAPACITY.

.'
"!'he luap of the reservoir site ,vas Blade on a scale of 1,000 feet to

an inch, ,vith a contour interval of 10 feot. ..::\ reduced outline of it is
given in 1>1. IV. "rhc lnap of the danl sito ""as Inade Ol~ a scale of 100
feet to an incll, ,vitli a contour interval of 5 feet. A reduction is sho,vu
ill l:ll. \TIl.

1:'he capacity of the reservoir is very large, so far as it goes, but the
practicable height of danl is liluited by the llCight of the east abut
JUellt. 'l'he total excavation to bed rock: is large, and Hlnch of t.he
nutterial to be oxeaYat-ed is hard. --:\t a dopth of 30 feet, JllOrC or le~s,

the river gravel is underlain <.1o,,'n to' bed rock: by a very hard celnented
nlixture of saBd aJld gravel, ,,~hich ,,"oul<.1 be v'cry cxpclltiive to exca
vate in case n lnaSOlll'Y tlcUll. ,,'as constructed, !Jut is sntlieiclltly firtH
to serye as foundation foJ' a rock-li II strucl ure. '1'he cost of a lntlSOnry
dalu ,v'ould be l)l'ohi1.>itory. "fhc 11lOtlel'atc height, the great length, and
t.ho nbundance HudcOllYCuicncc of Huitable roek arc all a<.1ditional
hrgUllH:~JltH in favol"of the roel~-fill t.YI)(~, and it is ,,-ithout doubt tho
lllost suitnLle. 1'ho lllost llnfavoraLle feature of the ,,'halo project is I
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outl1l1e of It IS ~ ~<f.:.llk~rr~ ", ".,:: ~/. ~ .
.~,t.' ~ -:;:;..~~~\X.~iW../.=rr.:~:::::.::.:-::::::::::~~;:.~:;~:-o.:.;:j:' ! ~,'~
10 on a scale of 100 ~'. !~~~"~ ~.;.=t,,,1{:fX(Ji:;f;.~~::i?~!f: ..:~~~:·f.~~~~:~i.:~··::t j r,:::::.:

.' it ',/r"f'1!.jJ'-~' "''';:j.M.::;''.'''':'::':~''''::;::::'':'''':;: ! ~ ~"
rcductIOn IS shown ~ ~c!J" :~£t1;!;::::;:::::,,··:::~:):,:·:"':::M::/:;V " f'>

• ~ ~ ( " "F (.. ~(~{~WfrW:):!;~W~:tlr:~!ff@~~ l ~ i'\
, as It goes, but the ~ C< < ~~":"':-':;;':;:::;::"f::':':';';~:;:V'/ !' ~;,
, of the east abut- t . '.~:~i;'\i{~;~~;:~Wf~~~~~}Wm~flft~f[~/ I ! if
, al.HI Inu.clL of the ~. I .~ :.:.::.:::.::::::':.:".::: :.:.,~~,,:: / !. l;
. .• • ~ • . ~1 ,,' ''>.:i;:...,'::·;.~':::::;~::::~,:':;.:~·~:::: •. te';
) feet l}lorC or less, ~ I ~;, t v? e..~·.·.'.·):-:·_;::·.>:·:.~;':~··. I·t'.".,.: / 1- t,.., :..

, • ~ • .' 1 .J::;j:':••::::.::::.•::~.:=~.;::.~:":.;.: .•~~: ~ .... t

.crY' h,trd CClllcnteO t.' ,. et~ '''J~' r¥ •• AI.:.,~:~; ..::~:\: •.':••:,;.~v··;~·~·;'~:l/ i' if ~ .
~ ., (. • .•. ~; •.•~... ~ J.,-, ~~:.:~:·:{,~:~'.~~t~~.::~·:.::·~:~~::.:i:,:rG 1 r·"~·
?XPCll~l ~~C to eXCe\- i. I' :'~:?'. -~ ~ J ;/j~:{\:~::~.i::::(::~:;~~:.~:~.~I)?t ; r-~1
IS SUJhClCUtlV finl\ ~ :~ ~:'~ ,:,';:~....::::.;,;,.:::-:.:.:.~:,:~.:.: I t'

~~eC:;:I~fl~:;~~~~l:II~~ ~ ~ I ;~:i:j~i{~~~lJt~1;~'I1Jj~~~{~~ti;~:::' i [1
. nrc all add i tiollal ¢ , . · · · ..•... ': , If:·
.. without doubt the ~. l ~i
Lhe ,vhole project is ~ \".. ~~'..~.l..i ~~

',' ~ .' i' y~.:f Il l,..
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i nrnnitc.
H()ttcn granito.
Broken gra.nite.

Do.
r'ranit<'.
Hanl ~ray granito.
Brokt'n granite.

: Hrallite.

\
. No l>c<l rock reached.
. Do.
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the character of t.he east abutlncnt at t.he daul site. 1'ho granite bed'
rock appears on the surfaco on the ea~t side of the l'iYer, but; seCIHS to
enter the hill on a nearly horizontal grade. "rhe hill ahove the granit.e,"
\vhicll constitutes t.he upper no feet of the abntlnent., iH etnnposed of
all indurated 111ixt.ure of coarse sand (11H1 gravel of the saIne ('harne-tel'
HS t.he founda.tion described above, too hard to excavate ,vit,11 a piek,
but not to be classified as roek, and inclined to (1 it'illtegl'ate 1l1)OIl expo
snre to the air. It. is probable t.hat. undor highheatl, ,vater Blight per
colate through this lnaterial to SOUle extent, at Iea::;t, \\There t.he abut
Inent is t.hinnest; and to insure against this a concrete eore is to be
Cilrricd into the hill a distance of a.bout 300 yards, ,,~hcre the ]lill
becollles. oyer 1,000 feet. thick. Snpposing this core to be 6 feet in
thickness, the excavation and Inasoury ,vonld cost about 8nOO per run
ning yard, a.nd hence ,Yould add $180,000 to the cost of the constr'uc
tion. r'l'he bond bct"reen the concrete core and the adj~lcent natural
deposit should be luade as thorough as possible 1))' filling the joint
,,"ith Portland cenlent concrete, ,veIl ranilned in place, so that there
can he no creeping of ,v"ater along the ,vall. "Titl1 proper precautions
it is believed that a dam of the proposed height, 120 feet, could be
safely built and Jnaint.ained.

.A.t the site of the danl the river bed is cOlnposed of ordinary sa.nd
and gravel to a depth of about no feet, ,vhen the cOlupact cClnented
gravel is encountered. "fhe depth to bed roc}\: is ab~ut DO feet at tIle
deepest point. It is proposed to carry a concrete ,vall tlO,vll to bed
rock, across the canyon, at the u.pstrenUl toe of tho danl. This 'vall
,,·ill be 35 feet thick: at the base on bed rock and diJnillish to 15 feet
at the top. Do\vnstrcanl froln this,vHJI the river sand and. gravel ,viII
be excavated do,vn t.o the celnentcd n1aterial above luentioned, and
upon this ,,~ill be founded the Inain danl, ,,~hich is to be of the rock:-fill
type, the upstreanl face to be on a slope of 1 ill g, and. the do,,'"nstreanl
slope 3 in 2, ,,,,ith a top ,vidt.ll of 20 feet. ".rhe rock: ,viII be obtained
froln the lnoulltaill of granite that rises abruptly fronl the ,vest abut
luent. 1'he rock can be transported <lo,vn grade on a cable ,vay, and
(lJ·opped on the daln in large block~s, frOtH a considerable height, "'hicll
\'"ill serve to raUl it solidly jn place, and it is believed very little sct
tlenlent ,viII occur. On the llpstrealll face is to be a ,vall of rubble
,nasonry resting on the concrete "raIl that goes dO\Vll to bed rock. "1'ho
Juasonry ,viII have a thickness of 20 feet at the bottOlll, ditninishing- to
;j feet at the top. .i\gainst its <.1o,vllstreant side ,viII 1.>0 built the lnass
'of dry roc1, fill; on t.he ,vater face, 'vh ieh ,viII havo a. slope of 1 i 11 2,
\rill be placeo, at intervals of gO feet, a, series of 7-incll steel I-bcallls,
(aach extending froln the bott01l1 to the top of the daln. To these

. heatHS ,viII be fastened a floor of one-fourth inch steel plates, dipped
, in asphalt and riveted together to fornl a ,vater-tight skin over the

.elltire ,va.ter slope of the danl. '~rho spa-eo bet,vpon tho st.eel pla.tes
and tho lllusonry ,viII be filled \vitll concrete tiglltly ramuled. 1'110
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concrete :lud rubblo \valIs ,viII unite at the ends \vit.h the concrete
core, ,vlliclt is to be carried into the cast abutlllcllt, as ahove described.

rl'hc ontlet ,,'ill bc through a tunBel of conel'cte built througll the
dam along the bed of the river, provided ,v·ith Stoney gates, siJnilar in
construet.ion alldniechanisll1 to those ftlr the Salt ]liycr reservoir,
illustrated iIi 1)1. XXII. .t\11 ,vater ,viII be dl'(1,vn froIll the bottOlll of
the reservoir, Hnd ,\·henever the spill,vay begins to discharge, the gates
,vill be opened to full capaeity for the purpose of diBcharging the
nluxinluul quantity of silt anll of reenforcing' the ~pill\vay.

}?or diverting the ri,·er during construction a tenlpOral'Y diversion
dalll eould be plaee<.l across the river about +,000 feet above the da,lll
site, and the ,,~att)r diYcrted into a large 11 UJnc and earricd along the
east side of the river over the portion of the foundation ,,·hcre granite
bed }"ock appears on the surface. 'rhe lllHlerfl<nv can probably he
sufficiently checked by driving sheet pilillg dO'Yll to the bed of indu
rated gravel, ,vith ,yhich the valley is underlain at. a dOI)tll of about 30
feet. After the danl uecolllcs too higll to use this Hunle the discharge
,viI} be through the outlet tUllllel. 'rhe fiulno should be l'ClllOVed

early in the spring, at tho beginning of the lo,,"-"~ater season, nnd
construction pushed rapidly, so as to have a large storage and dis
charge capacity ready for the first flood.

SPILL1VAY PRo\rISIONS.

"fhe greatest flood that ever oecurred in Salt River \TallcJT since its
settleulent occurred in February, 1891. It is described ill tIle 'l'\velfth
AU1]uall{,epol't a of t.he Geological Surycy, fiS follo,ys:

On February 17 the mean discharge was 835 second-feet~ increasing the next
day to 15~1,OOO second-feet, and on the 19th to 276,000. This first flood diIninished ,
rapidly, averaging on the 20th only 6!\100, anu on the22d 14,890. This \vas fol·
]o,,'cd by a second [-nven greater than the first, the flood increasing until., on the
24th~ a llHlXiul1un of 300.000 second-feet ,vas reached. This subsided ahllost as
rapidly ~is it eUU1C, so that by tho second day after the river was carr~'ing less
than 15,000 second-feet. '

"j'he drainage area frolll ,vllieh t,llis flood "·ns dra,vn "·as eonsid
erabl)" 1110re than double that above tho )I"c])o,,·ol1 reservoir. .l\
8111nller drainage l)asill is, ho,vover, liable to a relatively higher flood
discha.rge than a larger one, though the floods are of shorter duratioll.
It i~ therefore cstilnatcd that the hasin nuder eOllsidcratioll ]llay <lis·
clutrge a flood having a lnax.inl nIH VOlUIllC of :?OO,OOO culJie feet pCI' .
SCCOlld, or t,vo-thirds that of 1801 at l>hocuix. Ou tho ahoye as~tIJnp

t;ions n luaxillluIll flood has hecl1 hYl)ot,hecatotl and the l)ehHYiol' of the
rescryoir under the cirCUlllstallces in ycstigatc<1. It is assnulc<1 that
the l'csel'voir i~ full np to the l)ottOlll of the spilI,,?fty, and that a great
flood disehal'gcs 1.00,000 eubic feet pCI· ~ccoll<1 on an average fOl' Olle

lionr, a.nd increases its dis(~harge 10,000 cuhic feeti pOl' fo'PCOlltl during t,'
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Jl,101 - .2G I 211.74
l0,~}f - .27 I ~1l.47
10,ti(la - .28

1

211. 19

15,526 ••• _.__215.00

COST.

'1'110 follo,ving estinlate is based upon tllC da.ta at hand antI ,,"orkcd
ttp .l\pril 12, 1002, and is 811bject to 111odification:

f ....'ftimate of the cost of the·.1lfcDozrcll reserl..'oir, on Verde l?iver, 'lvith calJacitll of
18G,OOO acre-fect.

74:;.8;;J cubic yards rock fill, at 80 cents a yard. ._. ... ._" $590,700
~;~,1:;;1 cubic yards dry-laid rnlJ1Jle, at $2 a yard. _. .• ___ 156,310
; .~fj~ feet, or 117,975 pounds, I heatHS, at 7 cents no ponnd . _. _. __ 8,258
1.10, ()~O square feet quarter-ineh plates, or 1,43~!,936 pOUIHls, at 7 cents

a 1)(Jl.111<.1. _•• _. __ • _•• • __ '~'';_.'.'~ _ •• _ ••• __ • ••• __ ~. _ •• • __ •• 100,445

...) ••••••••• - _•••.• ---- •• --- •• - ••• - 110, (00 I 9, (1.)0 I 1.)oJ, ~}7aJ _e. ._ ••_•• _. __ ._. . _._ •. __ 10;), (XX) 8, ()SO 12<J,105
:11 ••••••• '.' : ••••••••••••••••••••_1_10", (00 __8_,2_G_O

r

• 1?_A_,"_:39_

1
Capaelty. _-..-- ••...•• _.... 1 •••• -. ··-1-····-· ·--·-1 181,975

Inflow. I Outflow.

Hour. Nct.ri~.
Eleva..

Second· IAcre-feet. I Second- tion.
feet. feet. Acre-feet.

---

I
Feet.

1 •...••.....•.... _............ _._. 100,(0) 8,200 6,289 518 1.29 201.
2._•••••••••••••••••••••_•• __ ._ •• 1l0,(XO 9, (1,X) 18,147 1,(~5 1.28 2();t5~
3 _••••___ ••• ___•••••• _••• _._ ••• ___ 120,lXX) 9,9'20 2'2,75H 1,t)79 1.26 20.1.1.. .
4._ ••• _•••• _._ ••• __ •••• _•••••• ___ 180,0.0 10,740 34,17G 2,822 1.21 ro').ca
5 ••.•_. __ .;. __ . _.. _. _. ____ •. __ . ____ 140,((.0 11. I>70 ·!6.t~~ 3, Pt57 1. ]f) 200.] .
6 •...•• _•.. __ ••. _•• ____ ._•••. _. __ If'(), (XX) 12. &'K) 5n;~.56

I
4.~·H l.aJ I 207.~

7 ••. _____ •. _. __ ._•••••.••• __ •••'__ l(j().(H) 1:1.2;.>() 73,;~71 6~OfiO 1.03 208.31
8 _•••..• __ ... __ .... __ ._. ____ •. _._. 170, l~.O l·t 0·10 86.Hrl6 1,1H;> .97 200.28
9 _. __ •••••••• _••••• ___ •___ ••• ___ • lSO.()fX) 1(b70 100:.};j:! 8,;~B7 .91 210.H

10 _•. __ • __ •.••••. __ .••••_______ ._. 1!X)~ (0) ];'),mXJ llH;;)()G 9,375 .86 211.(})
11 200, ffX) 16,;'):?O 127.0;->8 10.,HH .81 211.86
12 :::: ::::::::::: :::::: ::::::::::: H);;,OX) 16, lID 1:3.{6i6 ]L4:).=) .6:3 212.48
13 •• _._ •• _•••. _._ .. _••• _•••••• _•.. IHO, (XX) la.uno 147, (~'l1 ·1~.1!17 .46 212.94:

l~ :::::::~~::::::::::::~:: ::::::::1 Is.:>. (((I 1;)~2HO ];)4.:~.t~ . l~. 75:~ .i);J i 213.21
l~).IX() ]·!.f:70 15!J~ ]2.'3 l:{l·t-l 2;) 2Vl.47

16 _•••• ___ •• _•••• _. __ •____ ••• _. ___ 1;5, (XX) 14~ 4(;{) 1fH, ~~)(; 1:3.372 .14 I 21:3.61
17 ••••••'. _____ •• _••••• ___ ••• __ •• _. 170. tX~) 14,OW ]G:J,721 13j)i4 .07 I 213.68
18 •• _._ ••••• _•• _•• __ •• __ •_____ •• _. l(;':).OX) la.t,;:~) 1tH,H!H 1:3:;')76 .00 213.G8
19 •••.•• __ ._•• ____ • __ •• ___ •••• _. __ l(jO,On U(~?:!O !fH,(((l lH, [>46

I
- .04
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21 ---.---- ..... -------._------_._-- 15l)~ (.t'O l:~.;~)l) ]Hl,7(H 13.:~1 - .18

I

213.43
.)0) J4;;. (XX) 11~W~O 1r~.H;':3 13,(~"O - .15 213.28
Z1 :::::::: ~ ~::::::~::::::::::::::: }·1O:0)0 11,570 155; [><':'7 12.f:£)1 - .17 213.11
·t-l •.• ___ ••• ____ . _. __ •__ • _••• _• ____ ]s;):CfO 11.150 ]52.r~)) ]~~, H;->(i - . ]9 212.92
2) ._. _____ ..•_•••. ___ .. __ • ___ • ____ l:jO,(XO 10,740 14H~ 1:m 12. HW - .21 212.71
~ ._-._- -..._. ------ .-._-. __ ._---- ]:~;, (XX) 10,HHO 14;j,·HH 12,01H - . 2:~ i 212.49
:?7 120. CO) 9,!l:?O l·H,f>tO 11,GHH - .24 I 2]2.~~

~ ::::::::::::::::::~::::::::::::: lli},(UJ 9,f)(O 1:t1, !iO~~ 11,i)H5 - .25 212.00I
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n • for clevcn hours, at tho cn(l of ,vhich t.hue it has reached ~~ .~

it.s lnaxinllllll ,,-ave of ~OO,OOO cubic feet per second. ~l'he diseharge f .~.
(., ~ ..

theil dcerca~es in an a,l'ithnlt'ltical progression for t"'enty llours at t.he ~.

rate of 5,000 second-feet per hour, reaching a discharge of 100,000 I ,£
second-feet. as a Incnll for the thirty-first hour. 'rhe spill,vay, as I···~

planned, has a totallengt.h of DOO feet, and its hottonl is 15 feet belo,v ~ ..r
the top of the dnnl. It.s discharge capacity is COlllpntcd f1'0111 the ~~.,

formula Q=II~ B150. Assnming- that the gates w;ill be opened to I.•. :.~.!.~.\.:.;.'
their full capacity,vhen the spill\vay begins to discharge, the effect ~~

'10''''::on the reservoir of the hypothet.ical flood is sho\vn ill the follo,villg f";

ta:;:ct of maximum flood in McDou'e1l1'eservoir with spillway 900 feet long. it
[Q=Hi 3150.] . . b:H'r'
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$58,GG1
25,000
52,100

187,920
10,000
20,000

180,000
209,331

20,000

.Area of drainage basln of Salt Il-iver.

CHARACTER OF DRAINAGE BASIN.

,V A'fEI~ STOJ{AGJ~ ON SAIJl' RIV'El~, ARIZONA.

Cost 1mr a(~re-foot capacity, SS.74.

22

Excayutioll, 58,GG7 cubic yards CCl11cllted gravel, at :,1 a yard . ~ __ . _~ ~_

Excavation, 12;) ,000 cnhie yar<1s sanct at 20 eellts a yard . _~ .
5,210 cubic yards of concrete, under steel apron. at $t 0 a yard~ . __ ._
18,792 cubic yards of concrete in toe ,vall, at 810 a yard_ ~ _~ ~ . _
Diversion of river . ._~ ~ _~ . __ .. .
Outlet, gates, to,ver, etc . . ~ _. _
Concrete core wall tn he carried into east abutment _
Engineering and contingencies, 15 per cent. _
Rigllt of ,\"ay _.. .. ... ~ ~ _

Square Dli1es.
Salt Riyer at its Inouth .. .. 12,700
Salt·~Riyerat .i-\.rizolla daUl _.. .. _.. .. .. .. _~ _____ 12,260
Verde l~iver near its Inouth .. .... . '.; ~ .. __ 6,000
Salt I~iver aboye nlouth of '{erde _.. .. . _.. .. .. _.. .... .. 6,260
Salt R.iver at daul site bela,,'" 'l'onto Creek ...... .. .. .. 5,756
Salt l~iYcr bet"Yeen 11l01lth of \Terde and Tonto (hun site .__ .. _________ 504

Salt River, tl10UgIl nonlinally a. tributary of 1J11C Gila, really bringR
far ll101'O "rater to their junction t.haJ1 does the Gila. 'rhougl1 it drains
'a sJnaller a-reu, its basin is 111UC]1 highor and cooler and receives an
average l)recipitat!ioll far beyond that of 1"·he (iiIa Basin.
. The drainage 1)fiSil1 of Salt. Jli vel' and its divisions is about as
follows:
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~. ;.~.~..: The elevation at the mouth is about 1,000 feet, while some of the
." i ,. ,.;: ·peaks at its head,vatcrs exceed 10,000 feet in altitude, the llighest,
~} "Ii I Th~mas Peak, being givcn as 11,496 feet..i:; r Ratller peculiar conditions exist ill Salt River Basin, which favor a
<j,~ ", large ,vater sUPP].Y }'elatiye to its drainage area. In a prCyiOllS pub-
.!{~, lication the writer has described these conditions, as follows: a

d.··.i~ The southern portion of the "rerritory l11ay be again subdivided into"t\v'o portions,
~ ~ 1 that draining directly into tho Colorado and lying to the ,,"est\varfl of Prescott,
~~ .~ and the greater portion to the sonth and east, \vhich forllls the great Gila River
< {1 s)"stenl. 'rhe Colora,do plateau is partly of igneons origin, and a great portion of

'-;':1:' it is sOIIle,vhat pervions to ,\pater. It:-1 northern slope for a considerahle distance
~ '1 frotH tho sUlnluit is very gentle, an<l thongh the prceipitation i~ greater than in

Dlost portions of the Territory, it is very lllcagerly Inarke<1 1)' drainage lines aullil almost destitnte of water. Sharply eontrasted with these faets are the conditions
H...:i.. 011 the sonthern slope. Here, through most of its course. the plateau drops 011' with

a very steep slope. \vhich is deeply eut \\"ith l1raiuage lines ill \vhicll are living' ~

", creeks and rivulets of clear, hpantifnl ,vater, snch as Han Francisco R.iver, Black t
~_l,' Creek, Bonito Creek, \Vhite l~iver, Carrizo Creek, CilJien Creek. Box Creek, Cherry i
'j Creek, TOIito Creek, \Vild Rye Creek, East Verde Riyer, Pine Creek. Fossil Creek, i

Clear Creek, Deayer Creek, etc. l'

~ . o Jrrigation neal' }'hocnix. Ariz.: 'Vater·Supply Imd Irrigation PaVel', U. S. Ocol. Survey. No. •l::. 2.p.15. " ,

of' -:' • ~.' ~~i~'f~"irn\~~~~~,~$'r."~.;ol!'~'Wl'~~~~~__, .. A.P,....~~,'~,~;.,• ••?:~
• ",,,," .... " • ';:"'!_'.; .0 "":''' ........ ..,:. -'~;"i.,",.':~ l. .,
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52,100

187,920
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MAP OF SALT RIVER VALLEY. SHOWI NG CANALS AN n IRRIGATED LANDS.
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