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LETTER OF TRANS;\UTTAL.

DEPAHT)'IEXT Oli' 'fHE I:;';:TERIOR,

UXITED STATES GEOLOGIC~\L SURVEY,

DIVISION OP HYDROGRAPHY,

TYashing!oll, Decembel' 1, 1899.
SIR: I have the honol' t,o transmit herewith a. ma.nuscript prepared

h.\·~II'. .T. B. Lippincott~ giying the results of surveys of reservoirs on
f;ila River, Arizona, and to recommend that it be priJlted in the series
.. I' \\:-ilt,er-Snpply and Irrigntioll Papers.

The iu\'C'st.igations upon which this report is ba~cd wero originally
ilJtl'usted t.o·1\[r. Arthur P. Davis, as he WaS familial' with the condi
iiHJI.S through a preliminary surn:y, Before t.he field ,"ork was COIl1

;dded: however, his se.l'viccs were rcquil'ef1 by the Nicarag-ua Canftl
('('lllll1issioll, t,o ext,end t,he stndics of the water supply of Cent·ral
.\lll\~l'ica. The responsible oversight wns then ilitl'lIst::d to :')h. J. B.
I.ippincott, ' .... ho up to that time had been ..lssist"ing )[1'. Da,vis.

This report. has bee,n written by JUl'. Lippiueott, and his conclusions
!lanl been vel'ified by 311'. James D. Schuyler. The latter has pTe
;';11'(:1.1 a, concise discussion of the maUer, but at t,his time it is neccs
...·lI'Y only to quote his general eOllclusions a.nd l'cc.ommendatiolls, as
fl)llows:

(\) That a minimum of 40,000 acre-feet of water annuallr should be stored for
til;· ,mpply of the Indian reservation.

('!) That it js not feasible to ohtain this supply from Queen Creek. although
:h~ constrnction of the (hlll and reservoir proposed on the stream is feasible if a
"'~:;iciellt water supply \yere available.

(:l) That the Gila River is the only anl.ilabJe sonrce of permanent supply.
(.1) That it is not feasible or advi~able to build a (lam nnd reservoir on the Gila

~f~r ~tol'ing so amall a quantity as 40,000 acre-feet, on account of the rapidity with
"'h,dl a small reservoir must be filled with ~ilt.

'."J) That it is not feasihle to construct a res81'\'oir outside of the immediate
';;muel of the Gila River of sufficient capacity to provide for the wants of the

i .. 'lialls, filling' the same annually by a conduit from the river.
'I;) That it is not advisalJle to build a Jam and reservoir on the channel of the

~l';'~rof less capacity than one·half the total annual flow of the river in minimum
~'·:l~. •

I;) That feasible reservoir and dam sites exist on the Gila at the Buttes, River
0, :", and San Carlos.

~ I That it is not feasible to build a masoury dam at the Buttes, on account of
.:.;. rotten quality of the rock. the great depth to bed roc-k, and the excessive

:!It of dam required to obtain a. stm'age of 174,000 acre-feet, or about one-half
, l1Iinimum How of the sU'eam.

7



(9) That the construction of a combination roc;{·!ill and masoury dam is f('a-i.
ble at the Buttes at a cost of :3'~.6.J3,3~7. storing 17·1,0-10 acre-feet, but that it i:; lJr,t

feasible to constro.ct a dam of any type of greater height or capacity.
(10) That the Buttes reservoir of the stated capacity may be e:tpected to till

with solid matter in eighteen years, unless dredged or sluiced out.
(11) That it is f~asihle to construct it masonry dam at Rh-erside at a co~t of

Sl,9S9,60;j, including damages for right of war aud tliversioll dam at the heall II!
the Florence canal, formiu6' <A. reservoir with a capacit.y of 221,13-1 acre·fcet.

(12) That it is feasiblo tv increase the hei~ht of dam at the Riverside datu at
least 70 feet higher than the one esthll:tted upon, givicg an ultimate re~enoir

capacity of about 651,),000 acre·feet. which would not be filled with solid lUatt!:r
short of sixty-seven years.

(13) That it is feasible to construct a masonry dam at Snn Carlos at a cost of
$1,038,920, including damages for rig-lit of way and diversion (hun at the head (.r
the Florence canal, forming a. resen-oir of 241,306 acre-feet capacity, and that tho
water supply is ample to fin sneh a reservoir in the years of minimum flow, ,11:,1
that the volume of storage will irrigate at least 100,000 acres in addition to the
irrigation of the lands of the Indians.

(14) That it is feasible to CO!1struct a dam at San Carlos at least 'i0 feet highcor
than that contemplated in the estimates, forminga reservoir who::;e ultiInateeapa';_
ity would be approximately 5.30,000 ilere·feet und whose probable life of useful
Dess would be sixty-three years before being filled with silt.

(15) That pro\-ision shoulti be maue iu the working plans fo!" these UltiW3t,~

extensions suggested anti the loight of way reserved in the re5€ryoir basin for the
additional urea that may ultimately be- Hooded.

(lG) That the Sun Carlo:; datu should be built as tlle first.step to bet.:.....ken for t1w
storage of water liVon the Gila anll that all other available sites should be 1"or
lllauently withdrawn from elltry \vitll a view to their ultimate utilization for slQr
age purposes_

(17) 'That the working plans for the San Carlos dam should be- drawn to permit
of the complete utilization of all power which may be developed from the head oi
the water issuing froUl the re:::cn'oir and steps be taken ior realizing upou th,.'
full commercial valne of the llowcr.

(18) 'I'hat that portion or" the pnblic domain which can be irrignted nnd
reclaimed from the surplus ston~ge of the Gila Hh-er- reservoirs, over and aoo\'!.
what is required for the Sacaton Indian Reservation. should 1)e withdrawn 1r":,1
entry, segregated into an irrigation district, provided with a systelll of caHill:! ni
distribution j and only ollered for sale 3.t a rate commensurate with their tn,,,
value as irrigable lautls \vith water rights, tIte procecd:i to be placed in a fund H
be used only for contimtlng the improvement, extension, and c.u·e of resenoin
and storage d::UllS Oll the Gila River.

III acld,ition to the inYe,:o;Ligat-ion 'l.uthol'ized by the act of .Tilly 1.
lSnS, related WOl'k was carried 011 at lhe Siune time tllltll:l' the itllllllaJ

nppl'opl'iatioll for 1IH-'fL5uring the streams and tl(~tel'JHillillg the "-;Ill':'

supply, thn~ fUl'ubhillg ~ene-l'a1. information which has becn clll\)oili,·,j
in tho follo\\-ing pagc~. No attempt has been millIe ill this P'lJwJ" t· o

di~crindlJato uct.\H'CIl tho data acquired by the two classes of ilt,!·:
work.

8 LET'l'Ii:R OF TRA"smTTll,. I
I
I
I

I
!
!

I

I
I

I
I

I
!

i
!
i,

Very respectfully, F. n. XE"-ELL,

Hydrographer in Charyl.
I-Ion. CIL-\RLES D. 'Y ALCOTT,

Direct.or United S[~lte:i Ch'olf)U/('ul SUl'rey.
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~TORAGE OF \rATER O~ GILA RIVER, ARIZOXA,

By JOSEPH BARLOW LIPPISCOTT.

EXISTI~G CO~DITIO~S.

LOCATION OF RESERVATION.

_J

. . ;.

. ~.

'.'
"-. t

"

'... .~.

~I]ONA. ;;OR OlAMON,)

The Gila River Indian ReSCI'Httioll C'ousists of a tract of 3:57,1~O acres
~il1~ 011 botll sides of Gila Hi,·cl', in southern .Arizona. It extcllds
':HIl~ a point about 9 miles west of FJorence to the IUom,h of SnIt
::ircl', t he principal tl'i butary of the (-:;'Un, a 1111 is a plwoximately I:! III i1~s

..,\lIlt of Phenix
l

the cilpiral of the Tcrrirol".'". The g-:,'(>atel' portion of
::is reservation consists of land whose g'l'lltle slopes are well ada,pted

'q irrigation. From June 1 to Oclobel' 1 rhc\\-eather is exceedingly
11;\1'111. The l'elatiyc humidity o[ lhe localit.,'-, 1I0wC'Yt'l', is 10\v, so that
'i:l' clTecL of the hee:lt is largely mitigated: I1ml prostrations from this
.lll:oit) arc 1'<11'0. It. is lll'obnhly n~ well suited to oecup;'-ltlon fl'om iL

j :illlatic f)tandpoint a~ the great Yfllley:-l of <:clltl'al CaUfOI'llia. 01' the
J "'lIthel'll AOantic eoa~t, 'rho wifltel' sca:-;Oll is delightful, tho t('m~

;·'m-Lul'c seldom f.-tlling 10\\"lJl' t:hllll :wo F,
l Tho lands of 1.his l'C';-.;elTatioll arc arid: thc'allllilal l'ainfaH being

l·,t\n~en 'j and D inches: :!' large portion of' 1,he pl'ccipitat,ion oecurring
:lil'illg the winter or nOllgTowing months, The 'grO'l\·th of all crops in
'his district is wholly depE'111.1ent upon il'l'igation, but with. water they
.iII he raised ill l'ml1Jnuons l'otH1.hlll, wllilL' sllceessful (lry farming is
,Ii impossibility, \\~hat is true of the Indian l'csen-atioll also e:1pplies
'., the adjacellL bnd-.:, oC the Giht Hiyer \'""alley, "-heat, barley, corll,
illt! alfalfa g"l'OW luxuriant'),\' wIlen watered. The decilluous fruit.:;;
~"\Id:')h, but winter tempCl'atlll'c5 :\1'0 too low for thE' eih-us species.

DESCRIPTION OF TRIBES,

The Gila Riv('r Illdi ..lIl TIc.:;cI'Y;ltion is occupiell chiefly hy till..'. Pilll;l,
'1'( 3[al'ieopn. Illclians :Ulll H lilJljh~(l nnmber o[ Papagos. Tho first
·.<twll.'l1gc WI) ha\-o of these Indians i:s obtaillcLl from a. n~ll'1'at.i\·e of
slll'za de Y{\c-a, a Sp;lnish esplol'cr, \\"ho yi:-::itcd this !'('gion aUoHt tho

",1;'1,135, aftel' an adyeutlll'OIlS ,jOHl'ney o\·t.:'l'land from FLori!..la, This
".In.-Iel' describes 1hem \"1,'1')' lIlllch n~ they arc to-day. They ')i·cupied
'" same lands as at prcsent, awl h;.I\-o o\'il..h\ntly long been ilH.lll.'tl'ioH~

'!II sllcces."ifnl farllll'I'S and il'ri.~;ItOl'S, as tllp}" t..~oHi iliilt.:'d to he [or
lily yeal's aftel' the aC:llui:-;iltf)!l of .Arizolla by ill\.: Ullitl~i..l SLah'~.

,!~".'il' average wheat, crop \\'iiS about :?,OOO,OOO pOllnlls ~t year, bc::oides
9
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NECESSITY FOR RELIEF.

the larger numher lmyc become mOre or less dcpClu.lcnt upon charity
or haye degenerated into thie,·cs and vagabonds.

On )[arch 27, 1805, J\Ir. J. Roo Young, United St.at~s Indian agent,
at Sacaton, made n, terse statement of the case to the Indian Bureau

l

closing his letter with the following recommendation:

What is best to be <lone I do not know. I recommend, howeyer. that a com·
petent, thorough, and skillful engineer, well acquainted with irrigation ques
tions, be cmplCtyed to ascertaiu and report, first, whet·her 01' not under existini;
conditions a supply of water tt,]cquate to the needs of these Indians can bn
obtained and retained permnnently. and then, if such a supply can be obtained,
what is the best. most feasiob. practicable, nutl economical mefhod of doing so.
To properly do thls the engineer should examine carefully tile past and prc::-ent
condition and flow of the Gila River, tho amoullt of water which formerly pa;::scd
through thi.s resen'ation. anu the amount we are now receiving; the number and
amount of inches of water for which charters for ditches ht\\'c \)een .6"T3uted in the
different cOllnties throngh which the Gila flows, and the lllUO\,\llt of water tithn
out uuder these charters, together with the number of such charters now l~gally

in force; the nndergrouu(l' eurr<:ots and rock stratt~ along' the river, lmd alllllat
tel'S which, taken together. may lead to somo solution of this question. I ha-yo l.x!('1l

unable to get au esl.imale of what amount such an iuYestigation and report will
cost, but I would suggest that the sum of $;;,OUO be set apart from any appropria
tion available for this pnrpose. Competent and first·da.-""8 engineers, "ith abiliiy
to make such a report as this ('ase requires, are scarce <lnd high-priced. antI tilt'y
4ave to be well paid_ It would bo mouey thrown away to employ a man HI,I;

thoronghly post~(l.

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

~Ir. Elwood Hadley, ,,-ho is now (18D9) the Indian agent at SacalolJ,
in describing the present condition of the Ill/lians of the Gilt\. Hin-']'
Resernnioll, writes as follows, under date of Septemuer ~5, 189!);

Approximately G,OOO Indlans-Pimas, Papa-gos. and Maricopas-are dependl'llt
for their subsistence npon the lands of the Gila River Reservation, whkh r('~na,

tion contains :}5"i .120 neres. ~t is estimated t.hat half of the lanll ('ould be toad,·
productive with ",'ater to inigate it. The water supply in the GiIn. RiYfil' thl'
present season, owing" to its use for lands above us. has not. been sufficient to irri·
gate 1,000 acres. Fully half the crop~ planted have not produced enough II',
see<1. Thislauu is yel'Y fertile, The conllition of affuirs here shows that in lb'
past three years t.iJere has been a. large falliug" olf in the water supply for irrig,:
tion. The reason isappnrc:ltin the absorption of the water 'by add.itional culth·al, .\
lands above,

I notice in the Indians fl,l'estlessness as they realize their helpless condition. ;'W'!

and am often confronted with the solicitous qneries. \Vhn.t are we to do? If \\"0'

plaut what we have. what <L~SlU'anco l.un-e \\'(1 of' getting it b,H'k? Under bl\'oral,l,'
couditions these I1Hlians, boing agl'icultul'al and pastoral, would soon becollle i!l' 1,'
pendent, })l'OSperOll."', dviJii:cd citizens, Othu1"wise, discouragement, hUIl~el', 'iI.·:
destitution are their lot. A uomadic lif& being taken on. tht::ir old tribal ll:ll1l:···

asserts it5elf, and the expenditures hitherto lUade and heing made by the GU\·,'rll
lllcnt for their eJucation and improvement prove a curse to them rather th.Ill.~

blessing.
It is llOW neccssary to issue considerable subsistence to the Indians who:it.l l'rL'; ,

•
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INVESTIGATION IN 1896.

I'"'' he·en ~ failure. and this aid will have to be largely increased under the exist·
. ~ limited water supply. A supply of water would permit of the Pima boarding
, 111101 eiitablishing a model farm, greatly reducing the cost of maint..1.inillg the
~'!Jvol of 200 pupils,and be a. most yaluaole edneatiouul factor in the school life of
: ,~. pupils. The available India.n lauor in the constrnction of the reservoir is an
:l:llOrtant factor, ~s it is much hetter to pro\"111e them labor with pay than keep
:helll as paupers. The:-ie India.ns are willing to work. and _their moral status is
.: >OIl. Their attitude tow'ard r,he United States has always been friendly. They
..\\-e saved the Government in prater.tin:; the early settle-rs from the ra\--ages of the

.'ll<lches. They have kept themselves within the bound::! of law and order, and
:!:t'\" are now left npon the desert without water. Humanity speaks, economical
I i;;lillistriltion for the sustcnallt;e of tholndiatls speaks. and Xatnre, in her wise pro
,j~ions, sars, "Let man's llleans and intelligence be made operative, t,hat these
lwlians, whose claims aro Uleritorious, be reinstated in self-sustenance and lifted
;./ the plane ·of prosperous American citizens, .,

In November,.1895, t.hc Secretary of the Interior instTucted the
Pircrtor of the Geological Sun'ey to detail a civil engineer to make
the CXaJ'ninatioll l'ecomruclldcd~ and 2\.[1',. Al't,Jl11l" P. Davis, hydrog-
!~Ipher, wns acco-rdingly assigned to this t,ns1\:, ·in which he was assisted
hy)[r. Cyrus C. Babb, assistant. hydrographer, and )[J'.•J. B. J... ippiu
"llt.L, resident llycll'ographcr for California. Six months of time and
~·1.500 W01·0 expended in the field Oll the pl'elirllinal'~; in\·estigatioll,
.• !ul a report was sulHnittt?d in 189G,1 entitled The Report. on 1lTiga
tio!l Invc'stigatioH for the BeilE-lit, of tho rim[\, anu OtheL' Indians 011

tiil~ Gila, Hiver Indian n.e~eryatiou, Arizona.
n was pl'opo~etl to cOIl:;trnct. n clam of masonry to the height of 170

f··d :l-1)O\"C the hed of the rjYCl', n.t which height Iwtul'fil facilit ics
';I:t;UI' for the dischal'g~ of sUl'plns waters tlll·ough adequn.te spill
\l"i1rS. This would afford a storage of about ~OO,OOO acrc-feet of
~ralerbclowthofiow1ineof160fcetnho,-e tho bed of t.lle dYer. The
j'l"ln-isional estimate or the cost. of this project aggrC'g'<ltecl B:]J~±-i,OOO.

rile great l111CCl'CHinty attaching to this project \\·<\8 t,he Ioeatioll of
!.. ·rl rock at a great but lIuknown dept 11. Xumerous report~ were
',!llaillecl of soundings varying from 40 to 50 foet in depth \\~ithont
,; t'iking hed rock.

Ill'luiry.showeu that it "'ould be impossible to obtnin suit.nhle drill
.jl~ machinery for a thorongh C'Xplol'iltion of the fonndatioll, and as a.
;'!'\'!imin:ll'y lIHlkesilift the Illelhod of sOllucling by driyi!lg' rolls was
'''.,,;ol'ted to. Roels wC're dri \'ell ill elevell places, at intel'nl1 .. of :1-0
:,·Pt, in 1:ho Pl'oposcd dam :-oile, eight of Ute soundings being- 50 feet or

ilil'C and ono l'cacJling the '.lepth of :),:; J'c-et,. It W,lS hJllh)s~iblewith
.!'•.: meanS at hand to detel'Jllilll\ W]H:·1"lICT OJ' not. tbo rOll::; had l'I~f\.checl

"'li wok, but, 1ho 1ItClimin,1I'.'- e:.:tilllnt(·s wero malle OJ) the hypothesis
·l j

: 1t the depth of rock was /j5 feet, Hnd in the rcpol't of tile work it
··;is l'CeOmmf\lH.lcll that '~t,hot'(lllg"h cxp!()l'atioll :"hOllld be maUl; with

·1 !'Uj'C drill befol'lt lH>ginlling' of constl'ucl ion of j.he dam. ll
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INVESTIGATION IN '899.

For the pUI'p9s0 of continuing the inYestigation along the lines ree.
ommende<1 by :;)11'. Davis a paragra.ph was inserted in the act making
appropriation for current and contingent espenses ill the Indiau
Department, appl'oYed 'J uly J., 1898, as follows:

For ascerta.ining the dept.h of the bed rock at a place on Gila River, in Gila
County. Arizona, known as tho Buttes. and particlllarlydescribed ill the Senate Doc
umentNumber Twen::y-sevell. Fifty-fourth Congress, second session, and for a$cer.
taining the feasibility and estimating in detail tlle co~t of the construction of a
dam across the river at that point for the purpose of irrigating the Sacaton Heser
vation, and for ascertaining tho average daily tll)W of water ill the river at that
point, twenty tbonsa,nd dollars, or so much thereof as may be llecessary, the 83.111C
to be expemlcc1l.Jy the Director of the United :;tllles Geological Snnay, under tho
direction of the Secretary of the Interior: PI'o'llideLl. That nothing hel'ein shnlllJe
construed as in auy way committing the United Statei' to the construction of sait!
dam; and said Director shall also ascertain and repod the feasibility and cost of
the Queen Creek project mentioned in said Senate document.

In order to cal'l'y ont the proYisions oC this act stream measul'e
ment,s were begun on Gila. Hh·er at the But·tos and on Quccn erC'I.'!\:
at t,he site of the proposed uam, in NoYcmber, lS!)S, and han~ b('(,11
maintailled to elate (Octoher, 1899). A~ tlhe site nt. the Buttes Wit..;

ill<lceessible by hC<lYywagons, 11 road was built to fneilitate-the LmJl,";
portation of macuinel'y t.o the site foJ.' drilling, Dills were invite(l hy
advertisemont fol' the exploration of bed rock, but wero rcjectcll, i[.";

it was found t.hat the. amount of drilling desirable would, undel' tlll'
most favorable pmpo:o;al, cost more than the .available funds, Two
diamond. drills, a. few diamonds, and two pipe-dl'idng m.lchilH-.":; wcn~
loaned to the Sun-ey for this work by the Xic<1ragna Canal COlllllli;..;

sian, and borings were begun at the Buttes in January, 1899.
1'wenty-fivc holes were put down to bed rock at the Butt-cs willi ;I

diamond corO drilling apparatus. These holes were distJ'ibull'd lIjI
and down the nanow portions of the cilnyon in order io c1eh.' I'll !i "I'
the most aceeptable point for the location of the dam. The dl.'p:li:
reached were unexl'ectedl)r great. This work is dcsedhed in (!I'Llil
under the account of the diamond corc thill borings all pa.~l' I,....
The maximulU depth I'eached by any of the halos was l~j,tj 1\"-:

to becll'ock. Because of t;his grea.t depth an £:ffm·t W;1S miulc to lill'!

another 10eatioll for a dam Lhat coulll utilize the Uut.tcH l'l~=-,l'n pI!
site as filed lIpon under the uulled :-3tatcs 1.-1.w5. The appearal ...·"
werc favol'able fot' -the proximity of bCll l'oek to the SlIl'fill'I-' I:' .,:

tho head of the Flol'C'IH~e canal, 3-t mil~s below the Butt!!=-,. \yj:. I'

the callyou is qlrite wide, hut where outcropping:;;; of rock ill 1,1;:··,·
occur, '1'hc depth to ben rock at this site----S~ feeL 2 inelH"'-- .,"
determined by borings ShO\nl on the Inap, PI. YIll. R, was ion ~::" :'

to justify the locatioll of the (lmH at t.]li8 place, The portion "I' t.·

canyon was contoured octwc('n ihe old l'l~S(,'-TOit' sun-cr, \Y!!iI.oJ! i,. .. ,',

at 1.110 Buttes daw site pl'Op0l' aud tho la'a(l of the Flol'CIlt't' (';1'1'1" '.

tiJaL a rc\-isC'd rapacity or iill" I'e:spn-oil' could be computed if i~l"'~ ,."
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INVES1'IGA'l'IO" IN 1899.!.lft'ISCOTt,]

.hQuld be built at the head of the Florence canal. Ata point -1 miles
;t!JU\'c the Buttes, where flo dike of volcanie rock apparently of morc
rt'l'cnt geological formation th:tn the:-ill rrollodi ng coun try crossed the
";lfIyOD, another exploration for hed rock was made. The canyon at
'hi_ point at the base of the cliffs is 45~ feet in width. As a hole was
..ut down to a depth of 96.3 feet without finding bed rock at this point,,
illis location was conde'mned as a clam site without, further explOl',\;
':,1II, particularly in view of the excessh"e length of dam reqliil'cd,

In order to determine the feasibility of cnllstructiug a dam at the
!;ut.tCS, 3S compared with oUler possible locntions~ tllO Gila Rivel'aboyc
:his location was explOl'od for reservuir sites! and t.hl'ce were found.
.If ample storage .capacity. AL Hiversiuc, 12 miles above t,he Buttes,
itr the course of the river, an antilable locality was selected and fOll\'

<en holes were sunk, which determined n granite beLl rock of ;:.rood
i 'juality to exist at a maximum depth of 75.5 feet. At the San Ccu:los

l
J ,lam site, the next. loc£tf..iou above, three holes were pnt down to deter

mine the depth'of bedrock. This ,\"as the lilst dam and l'cscl'Yoil' ~itc
,ii:«Jo\-"ered. The hi~h water then intcl'fel'l'cd with the work to such

i ;IH extent that it had to be ab..ulllonec1 ill .-\Ug'llSt. 'l'l..wdate:). obtnilled

I (mill these t.hree holes are very meagor and should be extended, but
• 'hey had to be accepted ill this estimate as tletel'luining bed ro(·k at
, [hat point. ..At the Guthrie reservoir site, which is above Solomon
t.', ~.o!llc find upperlUost of thrf~C a..-ail'lble locntio1l5 examined) a detailed
~ "':IITCY was al~o made. The rock. at this dam site consists of it mixed
f ~·olL'l.lliic prodnct, thel'c being strata of gl'aYel deposited bet·\\"eoll yal'i
j Itn;:; lava flows. This was considered sllflicient in it-self t,o condemn
f ~his site for construction ])llrp0::ies. ...-\ railruad passes through tho

:l'!lgth of the reseryoil' and through the dam site, find a change in its
!(l{'a.f..ioll would be a mattcr of dinlculty and large expense.

The npper portion of Gillt Hh.oel' and its principit-i tributaries ·were
"\:plol'ed by )1r. CYl'llS C. Bal)b, hydrographcl') flS well as the basin of
"':111 Pedro Riycl'. In both the Giia and San Pedro basins mcaSUl'e
Olll'lIts of ;lll can;tls werc made ill order to deJ.,el'llline the a.mount of
'\":ltCI' rct.urlliug to tho dyer from irl'igatjioll aud fOI' purposes of general
.llfonnntion. This. retul'n water hns n pa.l'ticular lJcal'ing upon our
:ll"oject as cont.emplated in that the il'l'igatioll of 190,000 acres of land
!I the ncighborhood of Florence and ~itCaton may be expected t.o
llnease t,110 flo,,~ of the lower portion of Gi1:L HiveI' in ;l. ".oay silllilm'

'.1 that of t.he case~ illYCst.ig-atcd where irrigatioll has been practiced
"'I' a. terlll of. years. In other words) if 50 pel' cent of the water used
"1' il'rigation around Solomondllc) on tho uppe'r portion of the dYcr,
"··turIlS to t..he l'iyel' below thc places where it is used fOl' il'l'igatioll~ alia

- lila,)' agaiu be llsed fol' like purposo bolo\\") a similal'nctiolllll:1y bo
. \ [Il'dcd below the il'l'iga,tetllan(ls which arc SUpplif'f.l from this 1'1'0
"sell rescn"oil',system. Mea~lIrcm('ntsof I'ctU1'11 W;llCl'~ 01' "scep,lgc
"";\SUl'ClUcnts," w(']'o nlso mado ill the yiciniry of Phenix, which show
",lliilal' conditions.
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STORAGE OP WATER ON GILA RIVER, ARIZONA.

.'
rrhe canyon of the Gila. bet.ween I he mouth of the Sall Pe(ho an.l

the San Ca.rlos <.lam site, was explored and found to be 31 mile...; iii
length. It is a 1l.llTOW gorge, as shown on PI. II, being' thus an excel.
lent conduit for tbe passing of the liberated ·water from the San Cal'ill:-;
dam sito to the- ilTigauh~ hloUds below. .A tl'i.l.Ycrso BUtTe,)" was HInde'

throughout it:::; length. Obsel'nt.tions for dcr.erIllining the itYf.:l'agl'

entpOl'utioll, the l'ange of temperatul'e, and the \"{)]umes of !:wspcllll(:d
silt in the river h;:lye- been Illaintaiued at the Hnttes dnl'ing the period
of tho survey. A can......l line has heen sUl'veyed from the Dut,tes' dalll
site past t·he head of the Flol'ent.:'c eanal, a distance of 4: miles. Tld:-
canal would be lIsed in conneetioll with the Buttes reservoir sHe rill'

the purpose of tlciiycring its watel" 10 the irrigable lands, and Inl'~,·I.\"

for the development of power, which could be lIsed, if desired, ill Ihl'
settlements that would spring np under fhis system,

Owing to the (JuestioHHble character oi the rock ful' bnilding at IIII'
Bnttes dam site, quarry te'sts were lJI<llle, as described fully undel' tl,,·
descl'iplinll of the Buttes tlalll. )Ir, E, Dlll'yrc, chemist and C('IlI('111

expert, of Colton, C.llifornia, inYcstigntccl thoJ'onghly the rocks of ;II!
the localities in lluestioll, in onlrl' to df'tcl'llline the feasibility of tli"
manllfactlll'c o(a.llatural hydl'ftlilit Ul' <1, POltlallcl cement. His illy!' •

tigation, as shown in detail on latel' pages, also clctel'lllill('ll tlle llf) i-
hi liLy of Ul:iillg the silic.eolls rocks of the I'cspocti "e localit ies for h1l::11I1·
ing with POl'l1<ll.lcl C"ement in tbe manufacture of what is kIlO\\'1I a~

"sand cemen t. " 'rhe exton tt uf public dUlllai Il ill the j lTiga,blf' <l !:-.ll'i,,( ~

was determined f,'olll tho laud-ofliec J'ptol'ds at Tucson ...:\l'iZ.Ollil.
::\11.' . .T, n. Qilillton was engaged to assist in the d<-signillg of lill' 11;111:"

and other C'ug! !lCel'blg "-orkg, ]-I c visi ted all the loca.litic:'i in lJ lit ·... 1j,,!:

a.nd made.1. c,u'('fn llielLl exa m i 11,1 tiOll, ::Ur, J [I mes D. Seh u)' leI' W;\:, ,'Ll

ploye.d for purposcs of eonsulLat.ioll in the plannillg of the wod...:, ill ,,:1

advisory capacity, and for thb plll'pU:-:C made dctail(~d eX;Illlillilli,'!,·
of t1le Ycuions cla,m siteS on two ocea:-;iolls dllritlg" thc pl'ogl'e:-.:-o til' 11",
field investigation, The service whit:h ::\[1'. Scllllylcl' has 1'('1141,'1";] ~:,

this capacity has becH of pl'imc hilportauc€' to the \\-ork, owill~ 1" I.

very extended experience In the construction of da.ms for hod.:'::;I; ;,.

purposes.
The general plnns for dams at all points ha.,-e been lllat1('I'~ Hi',j

cussiol1 during' a pel'iod of months l'ral1 thcenginecl's connedt"! ,,\
this in"est igH tion, ]£ac h hilS COlI U'ibn ted his sh<lrl'e t U"-,ll'tl i hl' fl'!"
tion of the' fillal plans which )[1'. \lllillton lIas lJl'epal'C'd. Til" ,.;
wod;: for the rep0l't has l,ecu (lolle in Los .\ngcles, where tIll' ,,:.:
and estimates h;1\-o been pH:pal'l'c1. XUlllCI'OnS labol·alor.,· ;,.~: ..
nlatcl'ial from tIll: daIl\:-; amI of the sand cemellts ha,'c ht'l'll Ill"
Mr....\.l't.hul' p, Dad:;, hydrographcr, WotS ill charge of the 111';:;111 i:r;l

of the field work alH1 of it:-; eXeC III ion llntil ::\(ay 1, lS!l~I. will' II h,· ','
detailed to n~::-ist ila.' ~il"aragllil Callal COlIllHi::;sion ill jl~ "-'1I'1, "~j

1st-lIlllu:";, )Ii", ]);l,-is pruC'l,icfdly ollllillPd the fil'Ill work. Iii ...
with referelice to plans of cOlIstnll:Lioll han:' l;een gh'l'1l IIlP:-.l ".1:'·
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(,III~ideration in reaching final conclnsions, and to him is due the
,n·dit, in large part, for the successful ca,l'l'ying out of the work and
:011' its breadth anti scope.

AMOUNT OF WATER REQUIRED.

In o1'der to determine the amount of watel' that will be reqnin;u for
:hl' Indians all the Gila Rh-CT' Indian Re~crnltioll, )[1'. Elwood Und
.. -\', United Sta.tes Iudi:l11 ag-enl at S'lca.ton, Will'; requested to make a
<:l.tCUlcnt on the snbject. In his reply, dated October 12, lSf.l9, he
;Itrites:

It is estimated that there :,ue nearly 4,1)00 Pima and Maricopa. Indians 011 the
~''';'n'ationdependent for their suLsistence upon its lands. Sout.h of this resena
":')!I. in the country lying between the Sonthem Pacific Railroad and the border
,!:::' of Mexico, it is estimatcd that there n.re ncarly 2,000 nomadic Papagos. who
:",ivc much of their subsistence rrolll the Pitc.ns of this reservation (Gila River)
'; ('xcbange for their labor, The Pima., are libel'al and kind to their more un for
: l!.ato brothers, anti give the.m a share of their products in return for t.heir labor
,:l han'esting the crops.

Tho estimated number of Indians under my care is as follows: Pimas, 4,200;
\:aricopas, 350; Papas-os, 2,700; totaL 7,2:10,

The number named al.xn'e who live on reservations away from here would
;' :\11)' come here if thoy could be furnished with water. It is estimated that 2
\ res of land will snstn.ill an Indian,

I
{The repol't of t.he Commis:;;iouel' of Indian A1iairs for 18:)6 gin~s for

Ill' Pima. Agency tho f~llowillg population: Pimas, 4,260; M.arieopas,
;!'Ij Papagos, l,~:?±; Papagos, llomadic, ~~O-16-t.otal,7,870, This does'
.It shltC, however, wJiethcr t,hese arc actually on this particnlar rcs
-ration or on others,

III l.he report of ~lr. 'Arthur P. Davis, of lS9G, it is estimated that
.j aeres of ground is Jlece~sary for the SUppOl'L of each Indi.l11, This
-l!lIIate is thougbt to be liberal. In the irrigated tlistricts of sOllth
:n California an inha.bitant to each Hcre is sustaincd, For tho irri-

o Ilion of grain probably 1.5 acre-feet of water is s;"ltlicicnt for tho COIll
"Ie development of the crop fot' each season; but. fol' the growth of

, falfn 01' orchards ;:tlowel' 'duty of water will be required, find::'. acrc
,.{ PCI' aCI'e is assumed in this report to be a.- satisfactory supply. If

\

'ore fire '7,250 Indians 110W lo('.lteo. upon thi~ resen';Hion ot' derh'ing

I

··iI, snbsistelleo from il;,'CilC'h requiring 1,,) acres of ilTigated land, it
liitl be necessary to snpply 1.0,875 nCl'es with ,,-ate!' to meet present
:llillu]S, At the rate of :! acr('-feel~ of wat.f"r for c<",ch acre irrigated,
will be necessary to furnish ~l, ;.50 cH:re-feet to t,he l'escl'Yation to

!( ....: this requirement. There will doltbtless bc othc-r Iudians 011

:.:hlJOl'illg reservations on thc ]ower port,ion of Gila River, whom
, "J>epal'tmcnt would desil'e to move onto {".he Gila. Hescl'vat,ioll in

"':1Il ablludaut snpplyof wat('l' eouId be furBished to them, In
~ ,~\" u[ these pos:si bie h'all~f<:l's~n1111 uf the ll;l-tural increase in llUlllbel'S

'!If'll'ibes llowdepcn(lellt 1I POti Ule rcservat.io!l, a- prospccth'e demand
:!u.\ l'cse!'voir system of -10,U(JI) aCl'c-feeL i~ cOllsidel'cJ. necessary.

IRR 33--2
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WATElt Sl'Pl'LY.

PRECIPITATION.

Rainfall obSCl'yal ions ha-ye been ta keu at, thirty-one different points
in the basin of Gila. River ahon~ the Buttes, as SllOWIl on PI. III, A, the
earliest, record beginning at Fort Bayard, New )[cxico, in 1867. Un
donbtedly {.he greatest precipitation of the basin oCCurs ill th(~

higlwr mountains, in its Hort.hl·astern portion. The records for thesi'
mountain districts are 1'<:11'C, most of them being taken in the valleys
where settlements and agriculture OeClll'. It is probable, thcl'efon\
that the actual rainfall ffJl" the basin is g"l'cater than that iudicatecl hy
the ta.bles and ding-rams. For the purpose of this report the l'aillfall
obsernttions in the basin of tril;1- Rin:r above the Buttes ha.ve been
grouped in thrt'~e elasses in rJlI) following" table-first, the Gila Basin
proper,. cxclusi,-e of the basin of t;l1e San Pedro; second, the basin
of the San PCJI'O; a.nd thircl, a series of observations at three statioll:o'
in the vicinity of Flol'.enee., liyc st·atjiolls in the ba.sin of Santa Cruz
Rh-cl', which streHm entel's the Gila below the mouth of the Salt, :lIId
th:ree :,cts of observatiuns ill the Yicinit.y of Phenix. The sp.grcgatioll
of the ]'eeol'tls into the gronps named is for t.he purpose of compnl'i!1':;
the relative alllount of water R-Yfl.ilitble for storage purposes at the
resen"oil' site at ~all Cal'los and at the Duttes,

..thO/mil I'Ctill!cdl, 1"i/. inch!?'!, ill bos'ill of (;ila RiL'N' above San Garlo.,;, .4riZOl/ft,

18 STORAGE OF WATER ON GILA RIVEIl, ARIZONA. [:0:0. ~.
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11. RAINFALL AND RUN-OFF IN G!lA BASIN.

A. LOCATION OF RAINFALL STATIONS IN BASIN OF GILA RIVER.
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. ll/lIl/ot rainfall, iI/incItes, (,t stal.io1/s ill basin 01 8ml Pedro Rirer. Arizona.
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I
I I I I! Constant
. Length of Ele.a· Elevnt:ou ::\Iens- increascStation. al>Q\'c uradrecord. HOll. )lcDowell. rain. per lUI

fect risc.

y,. 1'110. Feet. Feet. lhcltes.

I
fIlches.

:UcDowell ________ _. 23 10 1,250 . -_. _... -- 10.38 Basc.
Lowell ___ . -_. _._- ... _. .. - ..- 10 5 2,400 1,150 I 12.37 0.17

:
Breckenridge . __ . 6 10 3,800 I 2,550 1 17.03 .26.. ... - _. ---
Fort Grant __ ... . . - . ... --- .17 2 4,860 3,610 16.85 . IS
Fort Buchanan ____ i 3 11 5,330 I 4.060 21.58 O'.... ._- ."
Fort Apache. . _- -. .- 18 10 5,050 3,800 21.04

I
,28

Verde __ .. __ . _. - - --- --- -' - - . .22 3,I6U 1,010 13.13 . IJ

Prescott _._. __ .... ___ .... -- . 2J 11 5.300 4.140 17.06 .16
----- i---.- ----

Comparing t.hp statiolls given in this table with the rocord at Fort
:McDowell, ,yhi('!l is <\. '-CI'.'· 01e1 one, extending from lSG7 to lS8S, it j-.;

found. that in ('astCI'n Al'izon.l. tho rilte of increase fol' each 100 fel'!
of rise in eleyatioll is O.:!l of ,lll inch of rain. It, is probable th;lt, 1101

withstandillg the fact that the moan r;linfall as me,lsul'ell abonJ ~;l;!
Carlos for all st.1tiolls .is 12.87 jllc1Il~~, a.1l11 that tlw mean fur the :-':tll

Pedro Basin is gh-en [IS 1-1:..13. the ;l\'Ol'age rainfall 01' the uasin of til"
Gila above Sal! Carlos is g'l'cate.r than the a.verage for the entire :-::IH

Pedro Basin, antl conscflucntly the run-olT per fOiqunrc mile of thl' ;':\H

Pedro Basin, owing p'lI'ticulnrly to the flat. valley lands throngh whit·1I
the river flows ill tlH~ greater port ion of its COlll'~O, is !CSf'. I·hall :!1"
run-off PCl'squi\l'e mile of lhe Gila. above San Carlos. This i~ ~ll:"

taincd by ohs('!'Yatiolls of flow of both ~tl'cams during a pCl'iod of Ii,·..
mO!lth~.

A diug'l'am is gi\-en (PI. IV") showin;6 the precipitation, ill inchl':' lll':'

The records ill the vicinity of Florence and Phenix apply to the
districts where the watcr stored will probably be applied for irrigation,
and indicatc the need of an artificial supply. In the case of the San
Pedro Basill, thc grel-lt.er portion of its ,~·ater supply is fm'nished Ilcar
the headwaters of that stream, The lower portion of the l'h·el',

. which constitutes the gl'ea-ter part of its arCH, being low in elevation,
has a. relatively lighter rainfall, aIHl, owing to the flat natnre of the
valleys, a low pCI' ccmt, of run-off. The ohservations of precipitatioll
in the San Pedl'o Basin ha.vc, with OUG exception-those of Dudley
ville-been made in this npper portion of tile basin allel at points o(
high elevatioll. They· indicate, therefore, a, water supply in excess of
conditions as th(\y. really exist..

In connection with the stndyof tla; increase of rainfall with all
increase ill cleYatiou, the following table is of interest:

Increase of roillfall1cith each 100 feet of )'isc in elevatioll, 1citlL Fort ...'!lcDo!ccli a.~

a~~ _ f

I i
I
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LlI'rISCOTT.) SUBDlYISIOXS OF THE DRAJI'AGE I.\ASI:\'. 21

;llIllUIll, during the· years when ObS(H'Vfl.tio.llS of the l'aiufa.11 were made
;It \'31'iollS typical stations. POl' 1899 the figures are esti~ated after
_cptember 1. Data were had from the records of the Signal Service
.IIId of the "'\Veather BU1'eau showing the amount of precipitation
'·'LCh month at each of the eighteell stations named in the t,able, but
they are considcl'ecl 1.00 volnminous for publicat,ion, The table of
.IIlIltHlI rainfall in th:) basin of the Gila is l:ompiled fl'om this mass of
ddail. After careful consil1erat,ion it was deemed impossible to gi\'e
:11l average rainfall for the basin bi:1SC(1 on prohable rainfa.ll at viu'ious
"Ievations. The me£lllS givcn in tho table and diagrams arc t.ho direct·
means of the stations at wh ieh obscn·;:1tious were made, each being
;;-ircn equal ·weight, in the years when its recol'd oeeUJ'S. In t.he ease

, III' the upper pOl'lion of the Gila the mean has not becu extended back
111'1881, as sullicicnt data do Ii0t exist UpOIl ,'dJich to base au accnra.te
Ilcductiou. The few points at whieh obscl'\ations wero tnken prior
[I} 1881 would pl'obably indicate ;l. greater raiJlfall fol' the basin than
"xisted, owing to t,heir relat,iYcly great CleQ1tioll. In like ma.nner,
the record of the Sau Pedro is not extended baek of 1856.

SUBDIVISIONS OF THE DRAINAGE BASIN.

The outlines of the Gila I:iver Basin ha\'c bee:1- marked on tho Laud
Illlico maps of Arizollll and Xcw 3Iexieo and the areas measured by
plauimeter. Th(~ basin of tbe southern tributary, the San Pe(11'0,

, ,'xtenl1l:i iuto t:ho He'public of )rexico. }"rom the bost obtainable dat~L

:he area in :Mexi(;\) liaS been clcterminod to be l~O square miles. The
fol1owiug tr.ble elassifles. tho dl'ainage iJasin of the (j·ila abon~ t,be
J:uttes into t.hl'l·c parts: First" the ;:1l'ell abo\'c the San Carlos dam
",ite, which would be tl'ibnt:lry to a resClToil' if located at tllHt j>Oillt;
"""cond, hc arca of the basin of San Pedro River; third, small iUT,m··
lllcdia.te basins belo\\" San CurIos. Tho San Pedro Basin is ditTi
"lilt. of exact determination, ow.ing t,o t110 e-xcessiv~~ flatness of tho
.'!ulphur Springs Yallcy, extending from neal' Camp G-l'<lIlt to tho
.\Iexiean line '1.ud vHI'.\"ing from 30 to -to miles in width. This valley

.~, a. great sink from which lillie Ot' no run-olr occurs, a.nd it has been
"liminated fJ'OI:il consideration in t·his estilUat~ south of the Graham
l'oUllty lino. A small area bctween San Citl'los and the Buttes is
'!il'ccUy triblltm'y to Gila B..iver, illtlependenljly of the Scm Pedro.
rile principal st.ream in this Inst-naIllecl distl'ict is }lincr,-ll Croek.

DI'Ctilwgc (11'('(1 of Gila Rit'er above the Buite,,;, "!'l"izo1!(f.
!l~ainag'e above Si.1ll Carlo.s: $ql1tl.ro miles.

In Arizona _. . __ . . . .. . _. ' .. _._ 7,378
InNo\v)Iexh::o. ._ .. __ .. _ _.. _._ •....• __ ..•.•. _ __ 6,li77

Total .. _._. _.... _... __ ._._ : ... .... __ . __ .. 13,455
"'.m Pedro abo....e mouth:

III .:\.rizona _ _... _ ..• _.. _... __ ..... __ _... __ .... __ 3,336
Lu .:\Iexico .. . __ .. • _ _. . ___ 1:20

Total . _. .. .....•.. __ .. . .. _. ._._ .. 3,456
t '!!l:lll tributaries ~t'"~'een ,Sl~n C~rl~S ~nd the ~nttes .. __ •.... _.... _9~3

. Total area 01 GIla B,lS1D al:;o, c the Butte:. .. __ ..... _ ._ .. __ 17.8.H

I·\·tal 'Ir • belo,,' ~'lU C~"11'lo3 4~ 3'0• ....'. < • • •••• _._ •••• • __ ••• • ,Iii

i
"54 • 4



RELATIVE FLOW AT SAN CARLOS AND THE BUTTES.

The total accepted area for the basin of Gil:> River abol'e the Buttes
is 17,834. square miles. Tho total [u'('a below Sa.n Carlos anel ahove
the Buttes is -1,370 square miles, which is practically 25 pel' cent of
tbe entire area aboye the Buttes.

In the Twelfth Ammal Report of the SUI'\"ey, Part II, page i305,. is
given a tabulation of the obsen·a.tions made on San Pedro River at

_its mouth, at DuLlley,'illlo!, _\rizon:l: fl'oll1 ::\Iay to August, inelnsive,
Hmo. l)ul'ingthis period thereWHs discharged f1'0111 that slrcallllU,-1SS
aCl'C-fcet of water. During the F.alllC period o( tinw, as mca~uJ.'f'(l a.t
the Rutt.es "below t.he mouth of Sail Pedro Hh-eL", there was it- total
dischargo from the basin of :!Oi,!)36 aCI'c-feet. This shows '"hat 0.4
per cent of t.he tot:tl disclJal'ge of the basin. abo\"(~ tlte Butt(·s came
from the San Pedro) ~lllcl that 90,6 per CClit callie from ot.her portions
of the strcam. Thcre are 9:?a I')qual'c miles tl'ibnt.<1l'y to the Gila
above the Buttes t\.l~d below San Carlos other than the San Pedro
drainage.

From the abo\'o figures it is considered ra,ll' to estimate tha.t flO pel'
cent of t.he wat,cl' of Gila Hiycl' eomcs from above San Carlos a.nd
t.hat a rescrvoiL' loc;lled at tho Inst-namc<l point. would only luse 10
pCI' cent of the total :lmonnt flowing b.\" tIte Buttes, ::Uoreo\"er, the
amount which cULcl's tho st,)'e:un helow San Carlos would lIOt. nec:(·s
sadly be entirely lost to it l'cscl'Yoil' at, t·hat point~ as t,ht~ (J.isclJa:·.~c

from the rcsel'yoir could be regulated, at least ill part, so as to bkc
adva!1ti.lge of the alHount of water a\'nilahle from the San Pedro.
The synehl'ollouS obscl'Yat,iolls whieh have been made from .July .l~1 to
September ~)J) 18~~\ ltt San Carlos and at the Buttes hayc noL ~·d;

been of snfiicicnt duration to n~lU1it of drawing general conclusion.:.:.
During the mO!11.,h of July the record indicatea that 91 pel' cc..=mt of

the total flow at the Bl.ltrte:) passed Sail Carlos. During the mOlllh

of August there \Vas deficient rainfall thruughout Arizona ill gen
eral. According to the statement of the "'('HUWt' BUl'ea.n (repurt. rot·
August, 18f)9, Ariz.ona se<.:tion») ,,; Tile [(ycrage pl'ecipibliioLl for j ht'
Tcnitol'Y for the month of Angust was 85 pCI' el~nt less than t.he noi"
mal. The avcrage t..lctcL'lnined from i he JllCaSlll"~'ment:sof 50 stat inn..;
WHS 1. ~li illches~ w b ich is 1. 7" 5 i aches 1('~s tha a tlll' <lYCl';"Lgl' ft..)l' ~·\.l\g-lt:- i .

]898, Thc greatest ,Ul\OUllt Jl1eastl"rci! ilt any stal iOllLlnrin~the IlInlli!1
was 5,77, a.t Furl; Hn::whllC<L, and IlO precipitation WaS reported <It ~A'\·

cral stations." FOlt Huachuca. b ill the heaLlwaters of j!ll~ lJ;l~ill ,j'

the Sa.n Pedl'o, Hncl the rainfall at othel' statioJls in that Ilci~;h"Cll"iL.., ~

was abnormally large fur ..;\ngnst, ..\.s might be expee(ed, the·n·r,··· ,
(huing t.lw mouth of Augnst the <1isch:lol'ge from ~'he Sail P(·drn h::-,
1>1),011 propol't.ionatcly great. The record of ~tream IllcaSlll'l'III"ll;'"

indicates GO pel' cent uf the total flo\\" as lIlenslll'l~d at tho lJlltt\':,- Il;'~

ing Sitn Ca!'le)s Llndn,;; August. Frolll September 1 1,0 :!J) illdll~i" ,',
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'.t're was 59 per cent at San Carlos. No rainfall records for ~eptcm

•. r, 18DD, aro at present (Ootober 3, 18D9) ,wail"ble.
The record for the foul' months gh-cn in lS!JO indicates 90 pel' cent

"f the total flow at the Bnttes ava,ilablo a.t San On-l'1os, and during
:ho two complete mouths (.Jul.}' 19 to September 23) when the moas
;rl~lIlcnts were maintained in 1899 at both places a mean of 74 per
"uL was available at San Carlos, 01' au average for the eutire period
.r ;ix months of 83 pCI' cent at Sau Carlos,
The followiu~ figures arc the result of comparative measurements n.t

:hc Buttes and San Carlos during J nly, August, and September, 1890:

t'<JlIlparatit'e dischal'gc of Gila River at San Carlos aud the Buttes, in L"tlbic feet
per seeo ltd.

,--------- 1 J_U,ly_'__1 Augu", I sept:mber. I
San Cllr'-I Tbe San Car· Tho ISan Car. 1 Tbil. I

10!l..• Buttes.' los. Buttes. los. IBnt~. I
! I

~l.._ _~_ .... _•••... __ ._ ..... , 2,li4 ,4.1/.0 U() 13.i I no I l~ I
~-- ---_.---- ••..••..... -.- •. - 1,ij;Jlj I ~.:.'OO lID l(AJ 110 I 120
2=1.. __ ••• _•• _.• _.• ._. ..... ~ 1,836 L,{llX) 111) 112 I llO W I

I ~::::~~::::~~::~:~:~:::~:~:~::J I'm I' - i:~ !~ ft [~:~~:J~::::~:J
:!~-·- .. , ..·--···-·-_·· .. ·····-· ..··I 7.)(1 a,G-tO 80 -;0 1' ,. _.1

I ~ ::::I;E~:-::':,::-:::::-:::::'1 ,,~! ::~~ -I ! I G~ (~~:{:Ll
I Percent __ __ fli i ··-- 60 •.. ----- .. 1 50J .. --- !

The inspection and study of the basin of the San Pedro, 3S well as
"I' lhe (iila propel', by members of this Suncey, and the siudy made of
the l'elatiyc ynines o( their dl'nitlnge al'eas~ jnstify U[I: conclusioll drawn
fl'OIH all the IlwaSlIl'cmC'111S that ao pCI' cent of the tutnlHow as mens·
lll'cd at the Buttes is anlilnblo a.t Sau Ca-rlos. The lal'g-cl' pal·t of tho
',later of Gila Rh-E'I' ('ollles CrolH the San Carlos, the Sail Francoise'o, the
lillie, aud t,he ext.reme ei.lstCl'l1 bnUlches of the stream, and n small
!/I'l'cent ont,ors from the Sail SilliOIl Pla.ills, whieh li(~ bet\"'ccll bolomon
\dlc and Bowie :statioll on the SOllthol'll Pacific C'olllpally:s l'il,ilroad.



'Vherever irrigation is practiced a. certain portion of the water is
permanently lost by evaporation from the surface of. the ground or
from the leaves of the growing plants. Another portion of the \yater
used for irrigation, yarying in amount from 20 to 50 per cent, depend
ing upon Uw nature of the soil and the slopes of Lhe irrigated lands
toward the drainage lines, sinks into the gronnd. This is known as
seepage Or return water. It. fills the pores in the soil, gradually rais
ing the water plane nntil it flows into natural drainage lines and
becomos again available for irrigation. In the SololHonville Valley,
in the Gila River .N"al'l'ows, below the Sanchez ditch, there \\?fiS, on April
15,1899, 237 second-feet of water. \Yithin a. distance of 4-0.7 miles
below this point thore was diverted in ditches 429.8 second-feet of
,vater. A small amount of watel' is wasted back iuto the river from
these ditches, butj t.he actual amount used for irrigation is 64 per cent
in excess of the amount antilable for that pnrpose at the highest poillt
of diversion. In other words, an amount equal to 64 pel' omit of the
water found at, t;!w hcacl.works on April 15, 1l;H9, found its way through
underground courses back into the river.

In the valley of the Sa-It Riyel', neal' Phenix, there was 40 per cent
nlOfe wat.or used for irrigation in .Tune, 1899, than was flowing in the
river at the highest point of eli version at the head works of the Arizona
Canal. It Ulllst be remembered in this connection, ho\ye\"el', t.hat
during the months of July and August there is. a much larger yolulllc
of water <1h-01'ted for i1'rigati'on than 011 the dates when these measure·
ments were- made, and that a larger- alllollnt of wat.er is used on other
occasions for the irrigation of these lands than is indicated in this
report.

In order to determine the actual ratio bet ween t,he return watel' and
the amouut applied to irrigation the average allnual quantity used
for irrigation for a term of years should ue determined. This amount
is at pl'eSellt unknown. It is, however, fail' to assurne that fl substan
tial percentage of all wa.tor used fo!' ·irrigation finds its way back into
the channel of the t,\\'O streams named above. This may be as lIiglt as
25 per cent, as it is kno1\"1l to he greator in other localities. Eccau:-;e
of the exceedillgl.y slow mon~ment through soil the discharge is I'egu·
la-ted a.nLI is of a constant nature. For instance, the flo\.... of J~os

Angeles niver, in California, which receives its water supply from
the sand aud gravel beds of the San FCl'llnndo Valley, which under
ground reservoir is charged with intermittent floods~ has not Yitrit:d
in amouut during the last three yea-l's to exeeed 15 per Cl'ut.

It may be coulldently expected that as it result of t.he !l'1'igatioll of
120,000 acres of lands in the Gila H.ive.t' Valley 1Jot~\\-een Florence and
Sacaton 20 or 25 pBr cent of the wate!.' used in this irrigation will
return to the CiUUlllCl of Gila Riyel' and. will be available for fur\,lH_'l'
usc at lo\ver poillts 011 this stream. This would be sutllcient 1.0 irri-
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:;l1l' fl'om 24,000 to :30,000 :-tercs of lam], in n(lait.ion to the :trCllS csti~

ul;11l'd as capable of being" sen'cd. from a rc~cr\-oil' on Gila H.iver.

MEASUREMENTS OF GILA RIVER AT THE BUTTES, ARIZONA.

l;i1a Rh-cl' lcaycs the mOlllltains nnd enters 1.he 1)lains at a. point
1.-) miles above FIOI'encc, known as the ButteR. At this place t,he
rife!' is in a canyon, which is approximately 4-[10 fC:.'ot wide, its bed
!1I'illg co\'ercd with sand ftnLl graYc:! to n maximum depth of 123 feet.
i;,·.ronu this point, until it fOl'llls a. jUllction ,dth its principal tribu
::(1'.\', Salt Hi\'er, it loses in ,-olume. A gaging station was established
\:1"'1'1..' and the amount of water available from the basin WHS accurately
,il'1f'I'lIIined hy the Geological SUITer from August :?G, lSS9, to August
::1, lSDO, bnt the work was stopped at the ('Ild of (,his time by lack of
,l\"ailable funds. The results of these measurements arc given in the
Twelfth Anuual Report, Pari II, Inigatioll, pag-os 30C to 309, and fol
j"wiug tables, :tlld.<l1'c shown gl'apl1ically on PI. YI, B. .A gap occurs
;11 the l'ecol"Cl from August, lS90, to Aug:nst., lSfJ;3. In the fall of 1895
llleaSHl'ement~ were bpgull by the rcestablislJmcnt of a station at the
!;ultes a lJoye Florence, at: the same point that obscn'a,tions were made
[Itlring the yeal's ISSn <l,ud 1890.

From August 1, 18~)5, to December 10, 180o, gage lwights an'd depths
\\"l'I'C obserye(l by ,,-. Richins, aud occasional estimates of velocity were
made, and with these data and the measurements made snbsequent.
io the middle of DecenlbcJ' the daily dischal'ga fo1' the months of
.\ngnst, Se11l.embcl', and 1\on.>mber, and the early part of December,
!·'!Ja, has been ascertained. These results can be regarded only in
1110 light of appl'oximat.ious a.nd do not compare in val.ne with those
If.JlIo\\"ing December 10. :.Measurements were continued throughout
ilic year lS96 by \\-, J. Brash, daily l'eadings of the gage being taken
;11111 clInenL-metel' measurements made from one to three tim.esa week.
The datn. obtained for Lhe period following December 10, 18V~, and
.'xlending to October, 18DG, are of a high degree of accuracy.

DUl'lng the year 1897 mcasurements were continued at this station
hy \\~. J. Brash and Albert T. Colton, forty-nine measnrements of
discharge being taken, the last measurement beiug made on October
~·l, 1807. All'. Brash, who was eonnected with this wOl'k ill 1806 and
;'~7, died in the fall of IS!J/, aud no athel' person residing in thnt
immediate locality. it was not possiule, with funds available, to havo
;he gage rod read daily. . .

.:\leasurement.s wore made between .March 7 and Octobcr 10, 1898,
l'Y.\lbel"t T. Colton, and subsequent to November 14 by Cyrus C.
J;;I1I1) a.nd others ('onllccted \'dth the present investigation. Sixteen
!ill:1.el' measurements of dischal'g'e were thus made, as shown b)r the dia
"am, PI. YI, B, prior to November 25, 1898. After this time a contin-

I



26 STORAGE OF WATER 01> GILA H1VER, ARIZOXA. (~O.

•

! '

nons record ,,,"as maiut.....iued.to: t-lle:en,t1 ot the j:eal'. In ordel' t.o ma
the best possible usc of the sb:ttfJA~~l~:scITationsmade prior to Noyc
ber 25, 1808, the volumes as measured on those d.ates were plotted
diagram, the vertical axis representing volumes measul'ec.l in cui
feet pel' second and the horizontal axis representing intervals of 0

day's time' each. The points thus determined. "·ere connected
straight lines, and from this diagram monthly estimates of disch:lI'
were made. Subsequent to No\'embel' 2o, 1808, daily observations
gage height and area were tf~ken and frequent meter rncasurem('ll
of yolume made. .As daily meaSllmments of :treas in square feet we
made, the rating curve graphically shown on PI. VI, A, is in terms
areas of cross sectiml and discharge.

During the year 1899, until.October 20, measuremcnts of arcH. w(,

made daily and frequent obsol'vations of velocity were taken wit.1t
meter, .The results are shown graphieally on Pi. 'VI, B. 1'ho raJiI
table applyillg from November 25, lSDS, to July 10, IS!)!), is uSNl f01'11
first portion of this year. The metor ""'hieh was in serdce at the .Gilt I

got out of order Jnly 20, 1899, and until August 10 observations
gage height and arca. were taken daily, Tho discharge during I II
intelTal has been cOU1put,cd by using '-alnes corresponding to t,he ;:a;
heights dctermine'cl from the rating CUlTe shown Oil PI., \~Ur, A. Tit
exhib.its the relation between gago height and discharge, and also, !
the position of the small dots, the valucs dctermil1cd by IIlet,er Ill!.';!

uremcnt,s. The follo";ingttl,,ble expresses numot'ically the Yall1c~gi \'1

in the rating curvo:

Rating table for Gila River at the Buttes, Arizona, from July 11, 1893, to .llf!J1I

10,189;'.

G.ago 'I Di~- :1 Gp,ge I Dis- 1·[ G.n~e~~1~~l:-l~-i
height. ch.'uJ{c.! height. Icbarge. I h~lgbt. iCbaro;o.. hO::lght. [c1mn;c. !

--.11- 1-1,--1--1
.Ye.'Jt. I .. _ Scc:/t. I &c.'f.!..,· ! s...'c::f.l.

1 1.5 .- -1 ~.• I "'" I 3.9 1,4-~1 I. ....1, 3.."".
1.6 O'! :?ij :l:~J I 4.0 1.5.-"'. ;,.~ I :lJll:'l
1.1 t I ~.9' 410 -1,.1 1,lj;O II ;;.3 I ;;.::1;:
1.8 fi I a.O I 5!J.) I 4.:! 1.8C~1 ,!. 5.-t I :1,:lllo
UI :J 3.1 t;l,).) 1 ".:l J.11:tll!1 ri.;:', 4.lli!1
:!.II 15 I 3.:! ';'10 I -t."'- 2,IOJ 11 ij.O' :,.I~~U
2.1 :!5 I 3.:1 I' HI511 -t ..l :!....'1~J!' ij;') 1 r,.!1Il1
2.2 -Ie II 3.4 n".,) I 4.G 2.HIJ II 7.0 I ti......~1

,.. 60 'I •. ,J 11.",", I .., "./~,J ·1' '.5 ,.;"2.4 00 3.G 1.1:;0 .. 8 :!,ISlIl! B.O S.;11!
2.5 no 3.7 I,~l.) 4.9 :!.!.I'J5 ti.5 !1.1i:.'i1
'.0 160 I 3.' La'O I 5.0 ','60 II '.0 lU.511'

From these l1aily IllcaSl1l'GlIlBllts of area. and tl'cqnclIL IllC;I:->lll"l·lll.-J,'

of discharge, tog-ethel' with t.he ratiJl'..( tables mentioned 01111)\'\', ,:

following table of volulllos of dischal'g'o for Gila Rh'er al· Iht· 1:11·
. from Xo,'emucl' 25, 1::>98, to Septemuer ;)O,lS~)!;, has oecllIH'('l';In·d.

~---~~.~----~--~._---~-_.
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:IVEIt, ARIZO:'\A,

B. DISCHARGE OF' GILA RIVER AT THE BUTTES, ARrZON.\, 1889.... 1899.

WAT£!f-SUPPLY ;>...PER NO. n Pl. VI

OiKharv in second.feet.

eoo 1,000 1,200 1,400 1.600 1."800 2,000 2,200 2,400 2.600 2,800 3,000 3,200200 400 600

A. RATING CURVE OF GILA RIVER AT THE BUTTES, ARIZONA. APPLIED FROM
NOVEMBER 25, 1898, TO JULY 10, 1899.

,
I I

,

;..--0

i J.e---j-'-I , I, vr-l I I I
V· I iif I

'/ I I
0

. :.;0

~i'~,~,~·~·J-lfr;,r'I':';,ri·r·~;:~,·~;~~·~~;~~t'·~·r"r·~·~"~':~"l''~'7~'~'iI'~I~'ff'r'~'rn'·'~7tT!;·E':Ilr·r'·~i~';~·~~i~'E'~'H·:EiY,)' ! I I: .._ I I I I f-~;: -f1.. iii I: I I ), I! I 'I I: I t I I I
;.J I !I:I ilii ;Tn,II'I,11 'ilill I :III! i:11
:rJ i I I , :; i' " 'i i, i! iii Iii:, I I ; I I

'0 I, I I'! I: iii' I i I ! i 'I I ! 1 'I! : I II ;
C I i II ,~g ~<>3 I II Ii I, II I ., .,1 Ii 'I i ;'
..' II I II ,I! II' f II r I I ! j III I I' II I 11 I! I j,

,} <I .1 11 !: oj ~ i I t'l" 'I ~!!" II li;1 IlLl ! ! !!r

.J I I I I II ! I "JlI : I II I ." I I I !! I i.!...l.L.!..:.- I! i I ILlL -,-: I~
-,.') I I I II': I I II_f1\ i II I I I I i I: II ,:~I I I IljJi-I I I I! 'l)~ I, I I ~4
'", 111.1.1 i .4 .LL" Ul.+'_./' TnT ..Lil I' , i -;:r: ,n Jit,;-, II" I, " . I '-1.
O"'-'II"T"'" IT I _ TtlTi I , !' II,! i ' i I 'll"'f=...·?Tr I';T:' \.! ~ ~:

.'10 II 'gl'" III' !I.J'I _+~'II I i',;! lil,i!:! II ,'I~

01 I t I, j' I!III©JI III!:411 :' I' I IiI II j, II II Ili~1
•. ,;J i I Jl ,1 ,1111 lfitlll I~ I !: I It II!,! lillt

.J ~ I, I I ,- ~, !' I! I I I I j 1 ,j I I: II 11 ':"LL....
..~ I 1 i1111 I 111 II lr+-1TT II, :, I : il II 11 II ,-Ii!
'j.) I ,I m:;.i tt II II JI'II _'111 i i l'lLJ.!o!,:n: II ~.Ll I!W,
~J IIUlL! II II Q}1': 1'111 ;1 I 11'ITTTITTTI'I'~ I TI i, :1

._0 I I",I I I , I'I fIT ..L

t
'"II I I ':I'Il.'..:.i..'JJp II '! I

o I I I : I I '11~m t I I I 'TTTlII Ii - 'Hi ' I I I ,
:1 II III I IT II II. ,11m - ,)!II 1'_U_LiJ. ,! i-Ii' II I i
J In I Mj' I I"i I" \1JJT ~ +1m Trllli i -iif(~ I I I I!
I) i I! 'I '. J~'." ~ l..;;;::--::-. '"t', I ~:";;'~i ,;; "f

01 lit 111111,,1,,1 1'11,1, 111:1f d'll jj
o II II I I II I! tl III 'Ill " II tl 11'" It I I! 'Il l I I I ;~

v'll I : I 1II,111.!111,1111.:: II II II II II IIII ,I!!I !ll' lil;1
,) I' II I I II 1!1 Ii i: II ~UI II II II II Illi~ illh-~_: i1F
'J . I I n II I I II t; I I I I I ! t ~.!I .~l II _11 II ,j Jj ( n~'! !-I tttt
o II I I I Ii ,H~ II Ii i+tl !1JIILiI_11 Ti111 II U i'±y~ Jill IIJfiTi
o I I U I II : i I I I I Ii, ! I ' i I ~Ii: IIII i I I 'rr-- ! i 11_ LUJ I ! I :-t-";~Jtt II I ,j II ;i ·11:.IIIIIIII!111 II 11 II :1 Ii ITfi lifl' I I
:> II I I II lil' iT-:---r:---i11 Ii II I! jl I' IITI -,'m I il'l
'! : _4 i... 1, $. . _L: i I I' i 1 : I LLJ. I j I I '.
'L I !, il -W ' I'" 'I~_I'ii' I ;!! ' , i':; ,I '- I; Iat: ,~tiitlti':"':'-I----U..LI,'.'1 T 1'1 II i: IJ:,_ I "'C;~

• 'C

I

I•,,

I
I,
I
!

f
!

I
I

I

,I' yt';U', III Ordl'l' II) IlLI'

i/HIS made priol'll) >;,,\,;

hose datos were plott ..tt ,!

,!lImes measur('.} in {'lil"
IJ'e~elltillg int('I'\'al~ "f h! ••

IIllm·tl wero COlllll'('ll'd 1'\
hly estimates of db·whal ~"

l;:i~J;:;, <laily ohsel'Yillifill-" ,':
.lent meter mcaSUI't,'llI\'I:' ~

.f areas in square fed \\ ....
on PI. VI, ....1, is in tl'I'IlI:- ,.:

la, !r01n July 11, 1899, to .. \ 'f~l

IIlCIlSUl'ClneIlls of (In'a W"l'

Yolocit,y were taken WillI .\
011 1'1. VI, B. The 1':11;1;.

rulrlO, 1800, is uscli f',r;~,.

I was insClTiceatth("I~li!I'~

..\ ngnst ] 0 ohsel'vaUIJIl'~ •. '
Tho discharge <llll'ill;~ 1~l 

·s corresponding 1.0 Lht· .:...':':':'
ihown on PI., YIII, A, T!~,

and discharge, amI abo, \,
dclermillcd uy llLC'WI' 11/1'.:'"
Illll\crically Lhe vallH:s ~i '.,

~ and frequent lIlC'a::<llrl'IlW'

;;liJlcs III en lionet.! il btn'!', '

1'01' Gila Rh'cl' .1.\, t he Hili

0, 18~)!J, has u('cn pl'epan·,j.

.. It $ eo '--..._,..,.,."'------------- ---
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[~O. 33.

Month.

STORAGE at' WATEK ON GILA- RIYER, ARIZONA.

Estimated monthly discharge of Gila Rit'L'1' at the. Buttes, .il1'izoUCl.

(Dr:tinage area, 17,83-1 equaro miles.]

I "I
I

Discharge in second.rect.! Ruu-off.

I
I ITotal rorl----

I
----

1 I
mollth in Second·

!tln:d· .Miui-. Mean. lr~r .1~opth i~~ feet perI
muw. WUlu. I . < I tncbes. , squar",

1 ---, 1 1 ~ mile.

&,f~[,'i',be'_:::~~~._::::_.::::::::: ~}81 ,Jg mI b:?.t~ I 8~1~ r 8~~
No'\"C!.mher .- ..... -----.--------....:!;j() I::i6 :!1~ 1 1:!,(j1.f I U.Ulj I 0.01:"1
De<::clllber.......................... 890 12.. 2i5! 1(j,00) o.~. I O.lt!l,)

1800. I
J:tnnary .....•..........•...... .. 2,100 310 680 I 41.8121 O.()ij(;, 0.040
F I' 1 • H -1,(1" 578 f :I:?: 11)) U.l)j:l I 0 01')
Mea;·~~!~~:_~::::::::::::::::::::::~.: ·~W a(lo I &oj i :t:1.7\1."i O.ftJ:! 1 U:IJ:.~
Aprll_. •.•.. _..•.... _ •...... ... :~~I Ij:, i Z~"'I 1i.1I;1 'I 0 OI!! I "01.
Mal' '."." .. ""_ .. 1jll ,I.-:; I 87 5 :':',0 U :'~"I (I :!l.;
Juuo •. _•..•.....••....• -.. .•. .;.:i 2'7, :!8 l.lil~, I 0 lie 0 .n~
July ..•. •..... _.••. _... .•.. .•.... 3, 1l~ II 1 1111

1
i '~I'l O.I)IU OOlI!J

August .••....................••.•. I G.:AlO ,_:~I_~l~' l_~.!·&:S _0 ;!l;:J_-!!!=--
Total tor SC:t!<OD 18,-'9-00 I....:.:..-.:...'.:......:.....:~_~l~)() 5ta L_~....::~~I.:..:..:..:..:.

1&%_ 1-----:---1.-----1--
Augu~t .•.. __ _. 3.mO ;').';("1 1."183 !l;,~j(j 0 L~ I' 0 In
September .••... _.••....•..•...... 1 2&~ :It_I tlU -tS.:JIi 01)....... Oil,"
Oct~ber - ...•• -- - ········1 ~ ~~{ ~,l") I, '.~ ~Il!,'~jij ~ k~~ I ~l il~·;
No\ornl>er .........•.....••.... , .;1.\ :;00 l,!~, l~. h21 ?~ JIf"
Deeemucr....................... ~~~ vl:-'_~I~~~__'_'_I

TotaL _. . ...•._ 1 :':'-..1.,,;!!II... !

1800. --;:[.'" :!.C" 1- ~' I· 21.-3-"-'I o.rl~:' o.(t.!.-:·-I'
January.•..••...• _..•.•........ __ . -"III -'" 1 "~I-
}<~ebt'llltry .•... _................ :340 \75 201.1 12.(r.:7 O.ojli I U.lll:",

~;~iII:::~:~:::::::~:::~~::::~:~. ~1: l~! iJa j M:~W ~::~{l i f::::1~ I'
May ••........... _•.• _......•_. ij.~ l~ I ~ I' 1,!lli-: n.15~.! j 11.00::
June_ ....••.... _ _••__ .. :l.:! ! 5 :.~~ O.'~_~11 II.lUJ
July _ J 1l.71tl 11 1.HII ~.ijl~1 O.l:!l I u.lln
Augusto .......••..•••........... __ ._l ;J.no 17:-. tHO -I~J.;«ll (l.I~;'''i: \l.U;,:1
Septemher __ •••... < ••••••••••• _) :!,,~.""'-1 4.">.i I ~~) ."';:;.:11·1 f!.t:;~.' I il.u7\ I
Q.etoulJl' __ •.... •.. __ "111 ~~~l 1.l~.1l~ .u.~} I t'jl ~tj,,! ().:~l~ ,I l~! •
r;;Oyember ._._._ __ _. :! _.) ,~o'lt.i l.O:~. 1,1 ,r~, V.I.":, lJ ,I"
Doccmber •.•.•...•......••.. _. 710 5;ti 11."J I ~,(j;t, U.u.:,;; I II PI" I

P -111 -9:1 '--I J ~l:? Illn 2lXlI--[J8:~:O-;;;;!-'erannuUl .•.•..•..•.•. _"'_'_'_1__ _ I , ~l

lS9j --- ---- J---- . ---'--1 - I
Janna!'\' .....•.•..•......••. _•. _. 4,310 400 II 1,~S(, 70 OJ.; 0 lOS! 0 WI I
Fcul'ualy '_II~'iI)1 ;,t;!) B;3..l l',j~;'1 O.~;"I 'J'~': i
March._ .••• _.......•. __ ._._.._.. n'_'O ;j,;."O ;,e -t.:.;!';; O.I~',:J I 1I.1l,
April ..... _..... __ ....• _.._..... ... li(() i);.'O 6.Q11 41.:'~i O.I/tll' ... t't
Ma)· .•.•••.••...•.. _._ _ _.. HO'I "I ::.!\I 13,;;:i 11.111:-; lUI"
June .••................ ..•..... 8:j :?i) flo'! :UJ:Ji O.\HI, II 1~ll
July ...............•.. _... __..... 1 :!,;lijij 1i0 ,...;.c', I 3~.7:J O.H~-;-, 11.1I.!l I
Aug-ust .....•.. _.. __ ..••....... .1 :J.:!70 lf~), 7~r.1 i .1:'.1:.'11 1 (j.1";7: 1;.1/..-
Scptcmool' ..... __ ••........... _ . ;i.;i!lllj liN I' ~,;-l711 llJ,I!.~[ I 1I.1~'..£ i (.~::
October ••..... _ ....• __ .. __ ._. __ .•. ::;IJIJ -iU,nlo' 1l.1~" ~ 0.' .. '

L"'!J8.
...........

...........

No\"t-'lIIhcr .... -.....• - ·-·······F·... .1-. ... I WI I IJlrJ 1--- ... - I" .••
December ...•.........•.•••.. - ..•....-~~.l-~~I-- .. ;)~i 1 ~l~~::'~ i~~~~~~:~.~~.~

----,---',-----'---------' ---,-----

28
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,,\. Hl\'EH, Al~IZO:\":\. ; ~,' -- 1!·]·I~COTT.) MEASURE~IEN'l'S m' GILA RIVER, 29

... _., :;":;,'J.'': ! .
_____..__.1--.-----

453,227

327,iH2

lS3,51D

·,til1loted annllal rlischw:(Jc of Gila. RiL'er n.t th~ Buttes and San. Carlos, A1'izono.

______:- 1 Butt". ISau ~a"o,aI
I

At--"·e-feel. I Acre-i,·d. I

Sc:1soualyear·1&!!)-DO,Sept.ltoAl1g.3L _. 366.561 ~ 3~W,tl05

fra<:tional ycarlt:ll;'),Aug. 1 to Dec. 31-_ _, . __ .1 3:)4,429 : 318,98(;
YCilr 18% _.•. ..• ._. __ . __ .. .1 016,206

FnH:tiolla-l year lS!li, Jan. 1 to Oct. 3 .. .....•. _. 003.585
Year180S, approximate______ ... ._.... 363,002

ll'ractiona-l yeaI' 11;09, J:m. 1 to Sept. 30 . __ .. ~ 203,010

.~:,.til1lated mOlltltly dh;t"an)f' of (lifo Birer fit the BlIUcs. Ari.::"fHLa-C-ontinued.
_________~l~rJ~'~u~in~"~gt)area. 17,:::a srlllR]'C mUm•. ]

I
-D~~b:~r; in se:;~t1d ~et I I Ruu oII I, I .Total (011 '

1I0ntb. I mOllth~n! SCt.:ond-

I
MaXI' :.\f!nJ- 'Ienll ncr!,}· Oepthmj fed I'el
mum mum ~ fcot mcht.:'$ StIlI,Lfe

I llulc

Ion--u-"-,,---__-_-..-_-,~-!YJ-·-..-_-__-_-_-..-_-..-_-__-_-_-i "" ,-:T-=-I~>~ 0 "~ ~ 01"

tcl,Il111l'V ----- .... ---- .• - -_ .... _. .YIl) I 1:!5 I ;?:;oJ , 1'1:!i'3 n 1I]3;j ~ 0111.111
\1,lrch_. . ••• • __ • n,j 100 1;1051 i.!J!';.i1 OIlU~1 0(11711
.\pril. _._ .. _. ._ ..... II.}! 2C li2JI 3,tiS:J tll~l~OI' OU);~,

~Iilr .- ••••• -.- •••• --- •. - .. --.----- _ :181 < I 182

1
' 1101 1 0 (M!lO 01)""110

.1nne.•••••• _._. __ ._._ ••••••• _ _ :11) 1 ill '107 OOllt.t~ OO(jl~l

.Jull' __ . __ ._ .. _ R,(~l 0.21 1.1~"i~1 71niO OU7lii, O()_~;,

AIlj!{lst. __ . ._ - •• I ".WIII 00 I li,I8 41 ::117 OU-l..1T
1
' Ou:r.u I

~lltcwbcr ..._.•. , •••..•••.. _.• _•.. ~~_\-=~_, ;-->:...:. -l;-l.ij;.:l !~~I~lHJ1 _

1--------1----- -- -1----------1 '''''.OJO I 0""l 1" __ ----
------'--'--

From the foregoing (lat.a the follo\\-ing: tables of annual dischilr~e

.; Gila. HiVCr at the Buttcs and at ::Jau ('ados havc becu compiled:

a Nmet)' l"~l' ccnt ot' nJiullI(l at the Buttc::!.

III order to get tho grealest p03~ihle ntlne {I'OIll the rccords which
':1\'0 been compiled, aIltl more particulal'1y to make cOlllpaL'ison "'ith
:il.' :\l1llunlraillfall records, t.lle table gl\"CIl belo\\' h.l~ becn pl·cpal'cd.

:!l this statement e\'el')' IlIOll1,h ill "'hich llleaSlll'('llICllts \H::rc lak~n is
"lIsidcl'Nl ill thl~ \ll' t"el'lninat,ion of an nven"tgc monthly discharge for
l\,lllllonth of the Yl"'al'. Thcre HI't' sixty lIlonths ill all during which
l'l'<e1'\'a..tions were 11l;Hle, lhel'c lWIIIg' fh-e differenf years in which Lhe

loj\l' was OhSCITCl1 ht:\ \\'cell ,J;-lllUiI,I''y nnLl Septelllbel'l ill<.'.!usiYc, ftHcl

'!II' yeal's ill which )\o\'l.;IllllC'1' and I)l'I,:('llIbcl' 01):-,Cl'\'iltiolls were
.adl'. From this table the mcml IIh)IILhly discharge i~ determin~~d,

',d whel'll a, yeil\' hi!~ s.e\'l~1l 01' THorc Illl>lltlis o[ IIIL'<1::HII'I'tl !'ceol'd, Ute
:ll,linillg' lJol'tioll of it. ucing deficit'lIt, the ll1c;llllllont.Jliy disc-hil1'ge,
'(lcicl'llliIlCd, b suhstitutcd fol' the months ill \\'ldeh illc l'ceol'd is
,·r.,tth'e. Til this way a ('fllllpll'k C';;lielaled l'e<.:ol·t1 fol' fi\~o YPi1!'s is
'l;liIlCd, foul' JIIUI11!ls ha\'i1I~ 1)<"011 supplit'll for l.!le yea-I" 18:"0, I,wo
'I' tile yeaI' lSD'j llnd thl'CC fo!' the 1Il'l'S(;IlL ycal', lti!)V. A lIleall

'·:lllal di:.;chal"ge is outaillctl by ;Hhlillg' the meol1l lIlollthl~' dischnrg:es
:lIall,)" IllCaslIl'cd, ~n t,hal- the .IlH.::l1l allllual dl~·;i'hal'ge, which is ·1,~:\0·L5

'1\'·fccL, is tJetcl'udllCll Oldy rL'OIll a<.:lllallUcasul'cmcnt,s, and iIlCllli..ll>~

I

I' ". f
,. "",.
,.

I,.

i,,
" ;"

t

,.. I

t .. ,

I~tll> ,'::

1,:..-':1 !17.:;::I; fl.l:;t'
I'I:! ·1!l,:I1';· IU'~',

1..;;; 1~;,!~iI; 11.1.;;
I. Il(t I lj·,.i;';:: U.l~~:1

7,,1, 4.i,I;; I',le",

=~!-;r~~;-=~'-
=,=;....-~.::;==-,

;)!Iti. :!i. ~1~1 ! II l'~!

:.'[:~ 1~:~:7. j ::.:~l/~
i·,i; ]11,711 II ll.l!ll

3:! ' I, lit,,,, 11. (. '":

J, .. !1 :'~':-I I ::. '.f~ll

!ill' ~~ '~~;, I 11"-
't;'ill -..~ ',11 IJ ". ~

L]I-, .!'d,~"" I 11".
I 1.10,7 hI :I~, II'"

10....1 .'" I,;" U Ih.

--- !'-I:: -ill;:-'1),-!-----;j ;"1'1

"~~'~-=I~~' -
,:'./171 0.1:'"
.1!1.1~~1 U.,~·., .
1.:,1';'-' u. t!:,~l

.1].;~!lj ... 1....
la,:-:':; tU'I~
:j. U'I 11.1"1

:\1. ; i I ",I":
.I~I. I :..':' I'. ' .,;
HUH 1 11. j:;':
..j:', !:~I 11.1_,;

~~;~ -~·;·I:~·~i0~i.·· ..~:~.~
i

Ii-Ill' :;ll.:l-,: :_ .. _._ ...

i~;~I ;:~)~~) I~--
::.~{~~: r;\t~f: I:::::::::

~~;\:! It~;~ i::::::
:~~... ,.... :.-"; ,.

~. Tnt:!.! l'.of1._.
Ulouth lUI ......

; w'r'!· .Oclit!1 ill :., '
)1":\11. ft:Gt. 1 indll:'f.

, I-----;--!--.-_.
1;.'1' '. :-.ljl(j· n,hlll
1:,71 ll,i;.·...., I 11. 101:1
~I:: }:!,lil" U,III~

~;,,! ll;.\l\.(1 I I).V.::J,
, I

r•..:,) I ",1.f:1:! I .).h·~;
:',78 :i:!. Illi i 11.111:;
:~,,-; I ...~ .'l". I It.,r.:
~i." I(i,~;l I lI,llll'

,;~ ", .•,0 I U ::',;
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(NO.3'\.STORAGE OF WATER ON GILA RIVER, ARIZONA.

Estimated 'monthly mean, annual, and mea'n annual discharge, in acre-feet, Of
Gila River at the Buttes. Arizona.

30

I
-~-------;--------'-------I

The Buttes- San Carlos. I
Year. 1

A'\'"~ilabln.l Surplus. Availn.blo.j Surplus. I

1-------11 I - 1--'
!iLH_/2--':~L :~-j ~i:~! Nl¥~ ! ~l:m I [fJ'llli_

1
'1 I ' "J ""., I "q.- ".-.'~ I ,,"" I" 1 l~O ;,,,,'i I;" ('all .. _un h.. ..I,}. ,v....... ~,",.......... ~~., " • J

Using the data obtained from tho above table to determine the proh.
able conditions which would exist at SanlJarlos and itt the Butte:--, tb'
table given below has beou prepared. The alUount or water l1le..1SlIl'(·d
at the Buttes is the basis of comparison, 00 pel' cenL of the yolU:llt'

being t,akcn as avnilable at San Cnrrlos dnl'ing the years in whith Illl'
observations were macIc;. This table is giV()ll in order to de((>'l'lllilll'

the propel' heights of dams to be constructed either at Sail Carin...
OJ' at the Buites. From the volumcs available annually lwyc !1('l'IJ

deducted the contents of the J'cscrvoirs with the dams n~l'eeu II pOll fill'

consideration in this rcport, and a. colnlllll both for the Buttcs ;Illil

for San Ca'rIos is gi\'Cll, showing the surplus water each year,

Volume, in aCI'c-feet, a'vailoblc at the Buttes ami. (l.t San Carlos. and SU1:lJ[tlS O/lIi"

capacity Of respectIve reservoirs.

[Capacity of the Butt~g reservoir, 17-1,0:0 acre-fc,et. Capacity of San Carlos resen-oir. ~II.. ':
m:re·fcet. ]

all measurements that. hn,ve been made. According to the cen..,us of
1890, there were but 6~G19 acres irrigated from this great wat-e-r snp_
ply, or less than 3 per cent of its possible utility. Practically th..
same area. is irrigated at present as in 1890.

--
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lit Carlos, Clnd SII1'1,11l<

irs,

In order to make a eompm'ison bet.ween the years in which obscl'va
"us of volumesdischa.rgcd at the Buttes w(>.ro made and years in which

'.1111 fall records were t.aken ill the hasiu of Gila River, the diagram on PI.
!II B, is given. The rainfall data for this diagram is taken from the

. 1111mary given on page 10, and is the lHljiUI fOL' the entire basin of
·;ila River above the Bur.toes. The record begills in 1881 anLi extends
,1899, inclusive, covering eighteen yel.lrl's of rainfa.ll record, Lh.Lt for

... :19 being estimatea for the period after September 1. Below the
"eol'd of rainfaJI, which is in inches of depth, is gi\pen, for COl'l'cspolld
:Ii! years, the volume discha.rged in acre-feet.. It is desirable to delel'
"line whether years in which discharge measurements were made were
..'ars of excessive 01' deficient rainfall. It will be seen that the year
:~07 is one of apprOx:iniately average raillfal!, and that in this yea.r
'Idee as mnel) wa.t"('!· was :\,vailn.blc for stomg'c, either at San Carlos or
:t the Buttes, as the reservoirs could hold. The year 1898 was one of
'\('cssive rainfall, out it shows less rUII-off than the year 1807. This
.. probably accollnted for by the nature of the storms occul'ring ill
'!IC basin during that period, n. greater pOl'tinn of the water being
:lJsorbed by the ground nllfl evaporated in 1808. The run-off from a,
.;II'U rain i~ relatively higher than the run-off resulting from a slow
·.lin or a gentle showel'.

There is no record of discharge for the years of m:wkcdly deficient
'Iinfall, ul1l('~s it h(' the ptescnt year, IS80, for which the l'ecOl'd is
:J(~o1l1pletc. During the first eight months of the year ISDn t,}10 l'ain
',Ill for the. portion of the basin a,)Joye Sa.n Carlos was 6.40 inches, or
~.-, per cent of tlte lucan. Duriug Lhis same period the pl'c0ipitatioll

,r t,he San Pedro stations was 9G per cent of the lllf'au. To August 1
~H' rainfall for t,lle elltirH basin was 80 pOl' cent of the usual pl'Ccipita

-,nn. This would inclicnte for tho present. year a probable mean rain
'ill of lO.W for tho basin. The year for which we have Uw lowest
"'cord, as determined by our table, is 1885, when the a'i"cra.ge rainfall
:.lr the basin was S.ll iuches. This <:ompal'ison is quito rough, but it
:;\-es Some idetL of the general conditions.

IL will he seen from the auo\'e that the year 1899 is among the years
;-low )'Ull·Of( and ra.infall. XUlllel'OUS people wore nskecl concerning
!a' relatiyc dryness of t.ho ~TeiLl' lsn9 in Arizona. There was a. unani
;lqllS verdict expl'essed to the effect tha.t it was the driest year which
'w)" 11:wo had in ihe last ten, as l'egill'ds both l';ti II fall and theamount
; water in the streams. FrotH the table of volumes ava-Un,ble at the
:uttes and at San Carlos, the surplus which is estimated for the yeaI'
':J!) is seen to be 17U,509 acn.!·feet at the Buttes Hnd 76,879 aCl'e·fect

:~ San Carlos. 'fhorc is still :1 margin for drier years than the oues
:u'ough wbich we liayc just passed.
It is~ of course, impossilJle to pl'ediet absolntely that either of the

. "'el'voirs as projected would nlways be HUetl, but, there is pl'oba.bility,
,. lIot certainty, thai ill all ordina.ry yearg, ill a.ll years of excessiye
',liufaU, and ill all years of ordillary drought the reseryoirs "ill be

::.'1'.
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:~ ,;
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EVAPORATION.

In the Twelfth Annual Report. of the Sun-oy, pfL~e :308, tlJcl"e is
given a tablc showing the probable monthly enlporatioll fl'OIll a. waier
surface in Arizona, from ubsen'aLions made ill the SonthweSl, uy the
Surv·cy. This is accepted. ns 1.he basis of estima.tes for evaporation ill
this report:

more than filled, and tha.t only in conditions of excessive drought,
surpassing those of l'ecorfl a.nd of memory, is there a p<5ssibility that

. the reservoir as plauncll cit,her at, the Buttes or at San Carlos will
not be complel,ely tiller\. Even ::;hould il; not be completely 111 led,
it is certain that,:l {liu't.ial supply \\;ll always be it \":.1ihLhle, so t,hat r,he
inigatetl latHls snpplied 1'1'0111 t~his SOlLrce C;ln I'eadily be brought.
throtl;.dl OIlCSl'aSOIl of l1rought, without :'lcl'ions damage, These perinds
of excessi \CC druught a.rc uot likely to ocCur oft,oner than once evel'Y
fifteen years.

Froin the dilt·a and tablns gh'ell in t.he pl'(wious paragraphs, it is
considered that, as far as tlw water supply is con('el'll~d, a dam 170
feet high at the Buttes, storing 174,Q-W tWI'e-fect of ·wate!', or a dam
130 feet high at ~<\I1 Carlos, storing :? ..U,3Du acre-feet of watel" call he
built ,dtll c,·cry a~stll'ancc of SUCCBtiS, The statcmCllt, i:-; ventured
that thoro are no rosen"oil's ill arid .. \merica. that h;LYC fI, mol'l.' certain
\vater supply, propol'tional to their capacity, than these Pl'oposccl rOS
en'oiL's on the G.ila River.
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Loss by evulJo1'aUon from a waleI' s1U1cU',e.

1

_ )IOllth. 1QuantityJ
1

'lomb. IQuanHt,..

I Januar:r .•........•••_._._._.l Inclu"fj ~.t1gnst.···--·············~·-··1 IlIdlciiJ I
I

Feurullry.....• __ •. _ ~ j ScptcllIber •.... _ - -. 10

~:~~.fi~::~~::~~:~~~::~~=:~=~::: 11~11 'I'll ~~~:C!~Y=::::~=:'::::'~:~~=:=:'I __ ~ I
JUIlO_ _ •• _•••••
Ju1r _.....•.......... _....... l~ j Total..................... 91

It is obviOl1S t.Iwt ill 01'1.101' to obtain a.n appl'osillla.te Wen. of the loss
bye\"<lpOl'arioll from a,reselToil', nn eslimate must be malIc of the area
that, will be esposc1l to e\-a.poratiol1. Fol' lhb plll'pose the following
table has been pJ'epared. It is ClSSlllucll that 11)0,000 aCl'c·feet of
watel' should be in the Duttes l'C'sOJ'\"uil' a.t the eud of the inign.t;l)lI
season, 01' 011 Xoycmoer J, of each yea.I', The nlllollnt of water, hi
acrc-fcl't, that ,,·ill probably /low into tho rosol'voil' dUI·illg );0'·0111])01'
has been obtained fl'olll the table of the ('~~tilllatc of lllollthly mean,
annual, and mean anllual dbclml'gcs of l,lll.~ l"ivel' at, t.he Huttes. The
amount, of illflm\' fur eHch llIo;lth is :Hldcd to the amollut of watcl'
available from the pl'e\'ious lllCllltils. The annual eon:.mmptioll from
tlte rescl'\"()il' is <lS::>lIIUCl1 to be the cap:u-it,)' of a COlllllll'tcly filled 1'('s
en'oil', whieh in the en~e or t.he DUlles is 17.J..!HO :tt'I'o-lccL Tht'
alllOllHl" of Ibis waLC'I' eOllslilllec1 efteh month ha~ bOf'1l estimated in tin'
('ohllu II llla.rkl.'d IC Plll'tioll or l'C.~Cl'\"O! I.' u::;c~1."
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II i:-i assullIed that a ('crtain illllOUJlt·of wat.el'\dllI11\\"a~·sbe required.
illl' cana.ls, eW'11 in winter time, fur the ilTigatioll of alll"ll1id plants

.,1 10 vroduc fllr domestic' and stock watpl', The fifth c-oll1llln of
:,' ,able i:s C"lILitlC'l1 BOutHow fG!' il·!·igat.ic)]J,'· :111<1 is given for each
,'11111 of tllC year, This i~ o!naincd by IllllHiplyill~ t,he annual con~

:ltlpl ion h.\· lih(~ per e{m1J u:-\('(} ('{lcll IllOll\.h, This lllonthl.r conslIllIp
011 i...; du(llleted f!'olll Lite :llllOlllltil\'nilablo in the J'C'sOIToil' Hi.. thcend

, (·;H.-h Illonth, And from t,hcse figuJ'(.-'s UIC mean ill'ca, of the water
irl';ln' ill the l'eSclToil' each month i:; ohtained and gi\'cll in ('olnmD

. \. l.'lltitled :·.Al'('ft expo~('.d 10 CYa.pol'fl,l,ioll." The <kpth of cvaporn.

. .. II f(ll' Bill'li mOIlI.h is then taken fl'Olll 1'.he abo\'c, nJl<l f,ho resnlting
,.. ..; hy c\'apot",uioll is shown in t,he eighth colll1lll1, entit,lel1 Hl.oss by
.:Ipol'<1tion. ll The next coh.1Il1l1 shows the total los~ from the reser·
,il' rl'OlH C\·.lp0l'ation And irrigation; the lent}1 colullIn, the I'emainuer

'j Ille' l'eSelTOil' at the end of ench 11loJl1ih~ a.nl1 tIle elen~llth (:olumn,
:1" ,\1ll01l11t that; is wasted [rom a, full l'CSelTOil', t.ho ca.pacityof the

,.....(IJ'\·oir being 174,040 aCl'e-fpct, and the aUllual outflow of the basin
: jhl' Buttes being e!3-tilll::ne<1 as :lG!I,OflS acro-feet, AS shown iu. the
.:1110 on page ;)0. In all a.verage ye:ll' the total waste is 1!)3,590 acre

-"1'1, uf wat,er.
The ]os.s b.'- t'Y,lpOl'f1tion uuder the nhov<.' conditions would be 22,370

.ore·feet, hut then~ still would be RnlilalJle fl'om tho rcscryoir for irri·
..Ilion its fnll cap~lcit-y of 1;4,0·1:0 nen:-fcet. of watel'. It is of intel'e~t

'I1nt.c llJat IInl101' the abu\'c eoudiLiom; there never would be less t.hnn
·::.',3~O ,v..:rc·feet, of wat(·,· ill {,he l'(~seI'Yoil', \\'hich is sn11icicnt to pro
.tll' for a completo smJlnwl' ilTigation, in case the stream should be

'll!!l'ely dr~' for a. period of five mouths,

.'!:jjJufhet.icalswnma:ry of amount uf 'II.'atel' 1'/1. the Bulte.~ "eSeI'Vo1'l' each month, ~cith

us.e, el"ojJorat1"ol1, (l.lld slIi:pl,t."I.

I
Con- I 'I Por' I i I ! Total I i

tent... of I . tion, Area , LOl;S i 10"1' t Balance
e'f'r. I of Outflow ex I D&Ptbl b\' , from lil".eser Amount

r:,; 1 , " PO\:ledl or I '. \\fLSted)(Ollt1l. I 'Oll f\.t I Inflow 1 res i fOI Illl'j to C\'Il.PO-- CYUP evapa I VOll .It I o"e

Ib~~lll I I e.· 'gattoll Ie":Jjlu 'I ~tion, O1a· I.tl Ion I cnd or - d:U:
nill{::' of d "(JU' • 1':It!. n II' I tlon :md 11'1'1': mouth:

I
month I used'l I J Igatlon I i

-----j -'------,--1--1--- 1----'--
. i ACI·('·(l IAC/f"ft IP " I' Acre (I. [ACI'('I< H'el lACTI" ft 1ACII" ft ACI('·ff I ACI (,·ft

~:"\~~~l~:'i ~I~.~ ~;'i~ ~ }~~: ~.~~ I II i~lll r;~~! t1~ Ilff:~~ 'I~~·~·~':"
'lIIl1,\I'y In, W~) I 4U.~)(J 2 :.l ~~J a,u,!) j;i ,iu I 4 ~)I, 1,4,04(1 ~).M

1'I\l.U;r~ ]74.1l-W :.>t,,'OI.I! ,) ~.ilJ), 3,l:JO! ,»3 1 l,lJf,lJj !,.j.-lll,174,O~(), ltl.!OO
'.!:Ir~h._:.oi l~~.lUU ~3.~, 71 J':,lSU I 3,li!J I' .~ I 1 fll;(lll ll:;~ lI4,OIllI1O·OIIl
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STORAGE OF WATER ON GILA RIVER, ARIZO:'!A. [NO. 3.1.

As the conditions abo,'c named arc nIl assnmed, the figur~s used
are round numbers. It is pl'obable that n more complete knowledgo
of the strea.m will penr.it of a, greater annual eonsumption by irriga
tion than the capacity of the I'CSelTOil' alollc would indicate. The
driest year of which we hayc any record would permit the use o~

174,040 acre-feet of water fl'om the Buttes reservoir, with a substan
tial reserve.

Accurate ObS81'V,'1tion8 of evaporntioll arc alwnys difficult to obtain,
owing t,o variation in wind veh)cities and general exposure of the evap
orating pan. The effort should be made to ha\-c conditions in the
evaporation pan that would be similnr to those existing in the reser
voir, from which the loss from this source is to be determined. For
this reason it is neccss.ll'y to float the enlporation pan in the river or
in a en-nal, nud the fluctuat,ions vf the water surface are often so
great that the ptlll is .frequontly eit.ho1' upset 01' entirely lost. Rain
falling on the pall h,lS a,lso to be considered j and it is kno\yn that. the
amount of catc]lI11cnt. in ;l. pall 3 feet square is relatively larger than
the catchmCl'it in n standard rain gagc~ the diameter of whose cup is
8 inches. In the Twelft,h AlJuual H.eport of the Survey, page 235, is
giyen a statemollt of some evaporation obsel'nltiolls made in the
Southwest. These du not coyer complete months and may be mis
leading.

Observn.tions of cntpo!'at,ion from gTaduated tubes werc made at
the Bnt,tes from .TllflUHl'Y to .July, UH)fJ. These tubes weJ'e exposed

, in the shade, and Lhe willL1 wns prevented ft'om acting directly on t,he
water's surface. Tbe resuH.s obtained are of doubtful valuo and are
not used. In July, 1899, nil evaporating pan was floated in the river
at the Buttes, bnt the record was so much intel'fered with hy high
water upsetting" the pan that it is considercd unreliable. Later the
attempt was ilia,LIe to float Lhc p<111 ill an i.1l't.ificia.1 pon"-1.

SPILLWAY PROVISIONS.

The accompanyin,g" illllstl'atious, P1s. V, IX, and XII. (>xhibit t.l1C'
condit.ions a1; the Buttes dam si1e. and !Show the principell (C.ltures of
the pi'oposcd spillway. In the report by ~Ir. Davis, of 1tl06, he deter·
mined the maximum flood that wculd llayo to be provided for at tile
dams in this stream, CIS foUows:

The first conshlcl'ation in pln1ls for a, dam Umlf>l' th·;) circumstances here pre-·
senteel is the lH'()Yisioll for a ,;nfc a.nd atlequate Rpill \Vi.ly. The larg(~ catclllllentan':t
of this stremn, its mountainous charade>., t.lw pancity ot' soil and yegetation Oll
these mountains, exposlIlg con:-;illerable ,ll'P:t of bare rock on steep slopes, and thl'
sudden and yiolent aature of tho Sllllllnel' l'aiwstl'rms indicate the n~cessity of a
spillway of larr;e proportions. \~'h::t ihi5 capacity should l~e i'i recobrnized as Olll.!
of the imp·Jl'taut ,lIIel difficnlt prc>h!('U1!';, The Uest c\"id~n~e thus far obtailll"l.i
rcgardiul: pa::;t freshets on this river was ldmlly fumishcd br .Mr. Albert T. Col·
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The amount of solid material carried by sneh a stream as tho Gila can be learned
only by impounding it. As it isconsickrabJe. it is obvious that a resen'oirbmlt on
this wutcr course will eyentllRlly fill witb !:!oiid matter unless means are l)ro"ided
for its remO'"al. No entirely ~nfficient piau for this purpose ha~ c'·er been put in
flperation. It is usually assumed., and often with truth. that the life of the reser
Yoir is sufficiently long to jUi'itify its construction eyen though it will eventnally
fill and have its nst"fulness l1cstroyed. This disposition of the prooltlw. howeYer,
:5 not applicablc~ to the present case. The amount of materi~!l c:lnied by this
.~tream is too large and tho ll~cessity of the l'e;;;ul'\"oir to the life of the district to
!~ irrigated from it is too \"ital to justify thi.-:; convenient solution or, rather, e\-·a,.
"jO!} of the problem.

Tbe most <lstonlshing ncconnts are obtained from the inhabitants of this region
tlf th<: qu:mtity of silt carried in stlspension by this strf"aID wh~u in floou. )Iany
l'l.."'Oplc ill their emplliltic cxpre'5sions place the 'luantitT at one~half the Yolume,
though, of course, this is impos~ihle. It is said. however, that in the months of
.llll~· Hnd August. when the surface of the :rrollud is exceedingly dry, when it has
Lccn ground to powder eyen ill the most il,;oJated :loud applirently inaccessible

The following furthei' quotation is made from the same report of
,11'. Davis:

ton. The greatest rise so far recorded on the Gila River occurred Oll the 22d
of Ftlbruary, 1891. Considerable evidence was obtained that no such flood has
,x'elUTed since n date manr years before the advent of the white man. Irrigating
ditches supposed to be extremely old were overflowed and destroyed. Lands were
o"ertlowed that had retained no evidence of any previous inundation.

On June 12. IS9:?·. about sixt{'ell mOllthsafter this flocO, }[r. Colton found marks
of high water on both lXlllks of the river fm' above any of the ordinary freshets.
which he attributed to the great floocl. This point was about 3t miles beiow tbe
head of the Florence canal. 01' approximately 6 miles below the Buttes. 'With
his leyel he took a. cross section of the river at this VOint and measured the slope
of the cbaunel. The cross section be outained wa3 0.000 square feet. The slope
measured wns 10..:m feet per mile. The channel was sa-ndy and free of brush or
large bowlders or ot.her obstructions for a- distance of 300 feet auoye and 300 ft.>et
below the cross section. This information. meager as it is, is tbe best we have
apon which to estiJJ1ate the (lischnrge of the ri "er at that time.

Tbe difficulty in ohtaining correct l'e>:u1ts of this discharge lies in the uncer
taintyof tbe retarding' effect of the channel upon the flow of the water. This
retarding effect in 11 rough river bed is '\"'ery f.'Teat. Assuming this quantity as
slllaU as it coulcl po~siblr be, a (~omputation of the discharge was made, using
Kutter's formula. The factor of roughness designated in the formula as" It" was
taken as O.O~j. Nut that this wa!'; considered the correct factor, as it is almost
rertainly too small, but by a..-:~umhlg the smallest possible value of" n" we obtain
the lar~e5t disch~r;Je, and it is the largest discharge that should be provided for
:n the construction of a spillway. It is thought, tberefore. that tbi$i computation
will give con~rYative 1'e;1;1111s. :lnd th:lt a spillwa.y based upon the dischal'ge
obtained w0Ultl be silfc. The result obtailll:ltl was lO-.?,5GG cuuic jeet per seeond.
Ami it is to accommodate this discharge that the spillway is planned. It will be
;,icen at once tbat Jl(l such spillway could Le eCOJlOmically prodded artificiall:r. and
!hat the accorumod:\tion of rhe topography to the proYision of this spillway is one
important determining feature of the location and height "Of the dam.
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localities by ra.nge cuttle and hOT!;ef< in search of grass. when the great torrential
"clouu-bur!:'its." to which this conntr), is ~ubject~ fall npon such gronnd and rush
off the steep slopes into the strt'lllil \yitb prodigious Yelncity, the amount of silt
carried in suspension by the rOariJlg torrent is very great.

* ... '* '* * * *
Attempts have been made. however; by private parties from time to time to

measure the amount of suspt-t:()cll material. The mo.';t important and reliable ")f
these measurements were thoBe w.ulc hy :l\tr. AI?>ert T. Colton in tbelllonth ending
August 'j, 189:]. and Ly Mr. ';.v. Richlll:-; lit the Buttes. Mr. COltOll fOllml the pl'r
centage of silt by volume ave-raged ;2.• ~ per cent. As these obsenations were ta1.en
and reduced hy)!r. C-olron. who ill; a COlllpetent Emgineer, they are adopted ~cor

recto The obsenlltions by .Mr, Richins extended from July 29 to December 31,
lSD5, They were taken by tht: fallowin:; method:

A. sample of the water ,vas ponrcu into a. slender glass tube until it reached
the height of JOO divisioll!.' Oll n conveuient ~cale, and WHS then allowed to settle
several days, until the main portion of the water was clear, The height of the
sediment on the S:IlJlC' scale wa~ then read and th 'l'e,,;ult recorded as the percent
age of muu carried uy the wnter. The exi~tf'nceuf this record, and the easo with
which more of such obsenations could be tlll,ell, made it important that an
approximate relatioll be established Letweell the voluDle of this mud and that of
the actual solid matter it cOlitained, For this pmpose sen'rallaooralOry tletenni
nations han~ lx-cn made with moddy salllple~ of Gila water Ly settling auti read
ing the '\""olume of wud as abo\'e and tilen drying the residue at 100" C. and deter
mining its Yoluwt>.

'l'b('se ob~el'\"ations indicate all axerflgo ratio of dry matter to mud of about oue
firth, awl thi.~ faetor has been used t'o reul1<:e the Ulud observatiolls of Mr. Richins
to ~o1iu matter. .

I
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It should be r€>lIlelUberoc1 that these observations take no account of material

that is rolled on the l>ottOIll of tlH;~ Stream.

On page 3~ of 31r. Dads's I'pport of lSOG a tahle is giYell showing
the pt"'l'ccJltag(' of Illud :1ml solid matter ea1'l'ied each day froUi July
29 to December :31 ill Gila Rin~r at the Buttes. The following tabl~

gives, in ('ulUlIlllti ~os. 3 a1ld ·i, this percentage of Hlucl and of solids.
In column )Jo. :: the llllIllhpl' of acre-feet dischal'gt-.·d 011 corresponding
dates is gh-ell, alia columns )los, [) all\.lli gh'e the llulllhcl' of acre-feet
of lllud and F;olich for the snlllC elates. During this period the volume
of \\:ater discharged at tho nuLtes was :;00,5:;3 acre-feot., and fl'Olll the
ta.hh.-' it is founl1 tha.t ir:-,!)BJ: a('l'c~feetof mild was ci.l1'l'ied ill suspension
by t,his water. This, relluc'cLl hr the ratio of 5 to 1. as adopted by 1\11'.
Daxis, giycs /, i'O! acre-feet of. solid:-.;,. Tile a,yerago HUlOtlllt of mull
duriug this period is 10,5 pcr cent,
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Discha1'ge of sediment of Gila Rit:er at the ButteB fO'T 1s95-Continued.

Day. . ~ovember. I I D~Cember. -'I
I +'.".o.te_,. MU'L_!~ Mud. i':"~~ Wot.,·. i':IUd.!SOliM Mud. SOlld'l

Acre.jt Per ct.·1 Per d. Acre-fl Acre-Ill Acrct}- I' Per ct. Per ct. Acre-Ii Acre-ft I
I......... i9Z Ii lou .w I 8 2,_,7 2 O..l 4d 9
2 •• _... 'ro'J 3 .6 24- 5 2,fl'2\) 2 .4 I 40 8
3.________ 79'J 31 .6 24 I 51 1.~ 2 A 36 j
"' 1,980 5 1.0 991 :::0 I'Hti

I
:: .4 36 ..

5. •.•. 1,~» I' 5 1.0 911 18 1,&!2 2 ,. I 36 7
6. ••. 1,822 3 .6 55 11 ),~ 2 .4 36 i'
1. 1,2'28 ( 3 .6 3j 7 1,063 r 1 .2 Ii 3
8. ... _ 1,;!:!8 31 .6 37 7 1,60:3 I 1 .2 17 ) 3
9 •.••••••. l,Z28 'I .. 2b I ' 1,663

1

1 .3 17 310._••. _... 1,100 2 .4 ~ -1 1.5~') 1 .2 15 3
11 ...••.•.. 1,109 2. ,4, 22 41 1,521 1 .2 15 3
]2. __ ••••.. 1,822 3 .0 55.1 11 I 1.4ill 1 .2 15 3
13. ..••. I,9&) 3 .6 ~ 12 1,471 0 .0 0 0
1'- . __ 1.8:22 2 .4 M 1 1,471. 0 .0 0 0
15 .._ 1,~ ~ I .4 25 5 1,HBI 0 .0 0 0 I
16 ._. 9'.XJ ·0 .0 0 I 0 1.4161 0 .0 0 0
IT 7m 0 .0 0 0 1,416 0 .0 0 0
18 __ •• _.... 79'~ 0 .0 0 0 1,300 1 .2 14 3
19 ...... __ . So),! 0 .0 0 0 1,3tiO I 1 .2 h a I
20 __ •.. _... 634, 0 .0 0 0 1, SUO 1 .2 14 3
21 ... _..... i~34 0 .0 0 0 I 1,:]0.:> I' 0 .0 0 0 I
22 ._._. 5!ll 3 .°

1

18 4
1

1.~4,!J I 0 .0 0 I 0
ZL •. __ . 2,271 5 1.0 114 Z-:l 1,3liO, 0 .0 u 0
2~ .-------- 14.~ 51 1.0 i-Q 149 1 I..arl ! ~ A ~>!) I 623 4.1;:lW 5 1.0 23is 148 1,300 I _ .4 Z7 4
20 .. _•• .... 75,'? 3 .6 143 23 1,305, I .2 131 3 I
2j ._ . .1 4,158 3 .6 12.) ~. 1,2-191 1 .2 12 2,
2S ._••• _._1 3.36U 3, .6 101 :..'0: 1.1tt? 1 .2 12 2 1
!.'9 __ .. • .. ··1 ~·~IO ~ .6 ~ 18 I 1,137 I 0 .0 0 0 I

31::~~~~:::II' __~'·~~~_ =--~-!-.-.:.~ ... ---~~. -'··-~~-l-.!:~~ I-.J.I~I-.J.---Ll
I Totnl_ t\5,C>i3 I'---'---i"---"-1 2,ml 5M i '16,177 .--.- •.. ---.-.-- 461 oS!!

Beginning- on January 1: 1899, and continuing unt.il July 31, IS!l!),
silt obscn'ations were again maintained a.t the Buttes, the amount of
Dlud and silt being determincd as was done in 1895. The results arc
shown in t,he following table. This diff(ws slightly in cOHstrucLioH
from the pl'ey.1011S table, but gives results which c01'l'espond with It.
COIUr\1I1 ]\TO. :? givcs the da.ily disclutl'ge of the river in second-feel"
column No. :] tho pOl' cent of solids~ and column No. 4: the solids ill

sccond-feet. From t.he mean monthly dischargc in second-feet of
wateranclor solids~ the aCl'e·feet of each fOl'cnch month is determinell,
as indicated. Thc totH·1 amount of wat-or discharged during thp- fil'~1

SeYCil months of IBnD wa~ ] 18,981 nCl'e-feet, and the alllOllnt of solid ....
detcrminetl wa~ l,S!J:3 acre· feet, Or j.o per cent of solids or ;;; PCl' c(o·1I1
of lIlud.

Adding the total nnlllber of aCl'(~·feet of water during- the period (If
silt obscn'ations ill 18~,5 to the aUI'(>-feet. of water discharged in lB~':'

gives 479,50-1 acrc-feet of water and ..~ tuta.l amount of solids dUl'illgtl w

entire period of 9/)!)i ael'o-feet. Frolll these fignres an avcrage of ::
per cent of solids fol' l.he entire p('!'ioll of observa.tion is deterlllilled
Jl; will bc lIoted tlUltt the ob~cl'yctti\)I\s in 1~!)5 began Oil .July :!!I :Ill':

extendcd 10 Decc1JJbel' 31, while the observations of lS:l~J beg-fui Jilll ll 

n1'y 1 a.nd extelllled t,o JUly:H, inclusive, Illftkiug one complete ~'l>;lr

~,ud tAll''C'f days. "rho total moall. anllual dischargo of wn,tcr of .Gil;1

I

I
I.

I

r
j-

I
II<

r
I'
J:
1·
Ii
I<
1;
Ii
I!..
:!l
:2
~l

2-1
2.'i
:!ij::,
'";.'9
OJ
;a
'1,
At



2 ~ f)
..-i1-......---~.;;'-_......;;- ..' ..I -- _

,...# -----..

~IYER, ARIZ.ONA. .1t"PISCOTT.) SILT. 39

ttes/or 1895-Continul·'1. Discharge of sediment of Gila River at the Buttes for 1899.

(Observer. C, W. Lemon.}
December.

tinning untH July' 31, 1:--·~'

t. the Buttes, the amol1lll .
w in IS05. The results it

"'1'8 slitl'htlv in constrlH~li.
, b.J .

,.-; which correspond with
of the river in sccond-f~,

colnmn No.4 the solid:'
.1ischal'ge in second-fi'el
orcilch month is determin.
disclutrged during the ii:
t~t, and tho amount of ~tl\l

l' cent of solids or S pel' l't'

T.-Trace.

January. I Februllr)". I March.

~~~~~ wat('r.lsol~dS'1 SOli~S. 1 Water. [:OlidS.' SOlidS.l W~ter. jsolidS. Solids.

Sec.·it. Pel ct. Sec.-it. Sec.·ft. Per ct. Sec.·ft. Sec.-ft. Perct. Sec.·ft.
1. ..•.••• --.. ~XJ 1.0 0.6-1 ITO 0.1 0.0;) lz:i 0.1 0.02
"!...... •..... 315 1.0 . lID 2t1O 1.1 .().I 1M .1 '.00
.. .....•• _... _ 3iij 1.0 .74 550 1.3 .:;3 155 .1 .00
....... ~..... 2;')5 1.0 .51 .l;).-i .3 .~ 110 .1 .00
., ..... - .•.. -. 300 1.0 .60 3!5 1.2 .16 no .1 .~
oi •••••••• -... 2i5 1.0 .55 4.10 .j .16 110 .1 .re
•........•... 2:}5 1.0 .51 ~.05·1.1 .05 155 .1 .ill
i............ 2i5 1.0 .55 2].') .2 .00 155 .1 .00
~I •••••••••• _. 205 1.0 .51 2I:M) .1 .O.t WI .1 .00

\I' ..•.•• ~ •••• _ 235 1.0 .H fW .1 .00 l-tO .1 .03
11...... .•.... 275 1.0 .55. 2;~-i 1.1 .0:; ItO .1 .03
I:!............ 480 1.0 .00 am 1.1 .00 140 .1 .m
1:>.. •.••••.. _. suo 1.0 1.60 27'5 .1 .05 UO .1 .03
11 ......• _.... 500 1.0 1.00 :?is .5 .~i 100 .1 .02
I-i ..•.••• _.... -tJ,5 1.0 .81 215 .8 At 100 .1 .02
!.l............ aoo 1.0 .18 ~'>5 A .:''0 100 .1 .ro
1;•...•••••• _. 345 1.0 .69 1iO A .H no .1 .02
,~ ......••. _.. 3~5 1.0 .69 110 ..1 .14 155 .1 .m
1:1............ $:.>0 1.0 .6! UO ..t .11 15.~ .1 .03
,'-_ ...••... _. 275 .:; .16 170 .3 .10 155 .1 .00
~I............ 2;)5 .2 .10 1';0 .3 .HI 100 .1 .00
.y ...... _..... 235 .2 .09 170 .3 .10 1-10 .1 .03
::i............ Stu ,3 .19 1:)5 .3 .00 140 .1 .ro
:.'1............ :l70 .2 .15 :ru .3 .12 140 .1 .00
::.-,............ 2i;5 .2 .10 155 I .~ I .00 1M! .1 .oa
•••_........... (0) '2 .12 15:1 .21 .00 1-10 .1 .BI
_•.••••• _..... i;X) .3 .]4 110 .2 .U7 1:.'5 .1 .02
~~ ••••••• _.... 2.')."') .3 .15 .t:.:51.2 ,05 110 .1 .re
~~I ...• _•• ~.... ~) .3 .14 ._._._ ....••••.. _. •...... 125 .1 .02

:::;~i~2( l~,~Jl ~: ::::::13:~::'::l:::::;~:: :~~":l I~
-,-- --- ~

\ April. Mar.! JUM. I July.

Day. 'I\TT. I Sol· I Sol· W ISol· Is 1 " I,~ ! Sol· ISol'd 1,- te ISol· is ]'ds,yator'l id".j ids. Mer. hi:>. I Ol.=t. ,.o.tt·r'j ids. 15. ,,'n r. ids.: 01 .
--1----,------,-~----

/

Sec..ft. P.ct. S.-/I. Sec.·ft. P.d. Sec.-it. &c..tl"IP.ct. &C.-jl.,&C...ft. P.et. Sec..-jt.
.1 _.•.. W T. 0.01 as. T. U 5 1'. 0 i 5 I T, 0
2 ...• 00 T. .Ot a-t T. 0 36 T. 0 5 T. 0
:1. ....••.1 tlO T. .01 30 T. 0 ;.'6 T. 0 5 T. 0
~ ""'_.1 100 'f. .01 :Xl T. 0 hi T. 0 3 1"1 0...., ...•.•. 100 T. .01 31 '1'. 0 J~ I T. 0 3 T. 0
ti ••• •••. WJ 1'. .01 2ti '1'. 0 11 '1'. 0 3 T. 0

.....•• EO T. .01 2li T. 0 IG T. 0 2 T. 0
]i ••• _... m T. .01 25 1'. 0 6 T. 0 2 T. 0
:1_ , 60 '1'. .01 N T. 0 I) T. 0 2 T. 0

ill ..•. "'.1 GO T..m 2-1 '1'. 0 51 T. 0 2 T. 0
il ....•••. , 50 '1'. .1.11 I 2.t T. 0 4 1 T. 0 300 2, 16.2U
!~ "'.... 70 T..m ~ T. 0 4 T. 0 3:l) 26 HUH
::, -... iO T. .01 I '" I T. 0 2 T. 0 2:iO :?O 10.00
11 ..•• ro 'f. .01 20 T. 0 t T. 0 100 :.'0 5.21"1
i', r.o T. .01, 16 '1'. 0 2 1'. 0 90 HI I a.u
:,j ·.....••1. 00 1'. .01 " a 'I', 0 2 T. 0 liO 12 4.08
1; '."' .. _ 00 '1'. .01, 12 I '1', 0 1 '1'. 0 ::':j{) 21 1:?W
h 1 00 'r..01 i lal T. 0 11 'I'. 0: \~..'O 1!lIH;.~J
i~l .. _.... UO T. .Ul

1
13 T. 0 11 '1'. 0 :1.bW ;!t _ iV.:!V

'.\1 _...... 50 T. .tll I HII '1'. 0 1 ·r. U lB. ~oo 14 r')j:lro
:! -.. ij() T. .01 1 1~ '1', 0 11 T. 011.1l)} 10 82.00

.~ -.-. ~ I~: :St Ig I' :r II 8 t 1 :f: I 3ii:~~ I i~ Ig?:~
:, ::~:::~ 00 T. I .01 9 T. 0 1 i T. 0 'l.i):·~) 10 ;;1.00
". - ..•. -- 50 '1"1 .lil 11 T. U 111 T. 011,44:. 10 :''8.90
,.; - -. ~o T. .?1 171 ;1'. I 0 ~ T. I! ;l.~!O I ~ :;4.~

...• .:.'0 T. .lll U r. 0 ~ T. 0 Il..~:.o . ~l. ,0
.:-i........ 3Q 1'. .01

1

10 '1'. I 0 'I '1'. 03.ti4lJ 110 7:':.80
:,1 ...••• 1 30 T. . III 9 .1'. 0 1 T. 0 i:!.·\.ltl l;j 7:1.;))
;1 ._..... 30 '1'..VI (j I 'r, I 0 - - _ I:!,47:i IU 49.50
;1,_ .... "' __ ' __ ,__ "" _""', 'T, 0 ,_+, "'_""j"'" 12 "',70

~I:.,~.~,,: I G:!.3 .111 I[ 1il'.2 1--0._~- --0·'1.l~.21 30.21
.\o:rc·(eot 3,u.s9 I 1.0 1,107 Ij 30.; 0173,1);0 l,lS5!
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River at the I3uttes has becn c1eternlillcc1 as 4G0,U93 aere-feet. If 2
per cent of this YOlUlne be eonsidered as solids, it ,viII hldicate an
annual disell.arge of solidR of 9,382 acre-feet, '\~lhieh c'orresponds very
closely ,vitl1 the D, BD7 aero-feet deternlined in the t\vel ve lllonths d nr
ing \vhich ooser,'"atiollS oeeurl'ed.

The cai)acity of the J3nttes reservoir, \vitIl tJH~ danl 150 feet high to
tIle spill\yay, is 17J,O~tO acre-feet. If D,711 acre-feet of solid lllatter is
delivered to the reservoir each lllonth., and it all set.tles in passi ng
throngll t.he basin, this reservoir would fill \vith solid rHatter in
eighteen and six-tenths years. rrhe nleall ann11a1 flo\v" of \vater of
Gila Riyer at San (Jal'los has been determined as 42:?,18~1 aere-feet.
If 2 per cent of this Y01UlllO is solids, there ,vould be deliyered to the
reservoir 8,-1:4(3 acre-feet. of solids per aUIlUll1. 'rho (~apacity of the
San Carlos reservoir, \vith tJle danl' as plallnecl, lao feet high to the
spiU\vay, is 2-11,8HG acre-feet. If 8,-14a acre-feet .of solid Inatter
should be delivered- to this reservoir caell year and should bp depos
ited tllerein, it \yould flll ..ill tw·enty-eight al1d fiYc-tenths years.

These figures sho\y tho exceeding gTaYit~y of the silt proposition on
Gila River. No other stl'eanl is known irl..:.\.lnerica \yhich earries sneh
large YOllllnes of debris. It is evident that SOlne provision lllust bt.~

Illude to a,Yoid the destruction of the ~t'eservoir 01' the bnilding of thc'
danl .\\"ould be useless. It\youlcl be cruel to develop a civilizatiu11
l1ponirrigatioll \vhieh. \\Tonld have tobe destroyed at the end of a gell

eratioll. It is extrelnely fortunate that there is 11101'e than one reser
voir site on (j-ila 11iver the \vater fi'OlU \"hieh \'~(Hlld be ayailable for
irrigatioll in the neighborhood of the (jila I{iver Indian ReSBl'Vation.
If a daUl S110U lel be construetec1 at San (;a1'los and the reservoir becol11e
filled \vith silt, it ,vould be possi'ble to constrnet at the' end of the
t\Vel1t~y-eightand 1lYe-tenths years a ~ecoIlc1 clanl at llivel'side of eqlInl
capacity, allcl after that. reservoir beeaulc filled \vith silt the dalll at

the Buttes could b(j built. .i\. fourth reservoir site of eonsic1el'able
value Inay be found at Guthrie, clbove the Solonlon\~ille '''-aIley, on

tIle sarne strealn, and of large capacity. In the ease of all tho~e (lalll~

tIle capaeit.y incl'easesYel'y rapiclly\vitll an inereased hejght uf danl.
For instance, if the BU.ttes daHl should be raised 10 feet, above t hi '

I50-foot COJltour, its eapaeity \voulc1 be increased :3;3,755 acre-feet; and
if raised 20 f~pt, its eapaeity \\Tould he jncl'cased 72,i3;35 aero-feet. 1(·
the San C~arlos daHl should he increased in height =':0 feet, its stOl';l~;:"

eapacity ,vould be increased 1~)5,780 acre-feet. It "'ould therefor;'
be possible to very greatly increase the t;torage .~apaeity of thl'se n'~.. ·
ervoirs by buildi.ng the danls to grcatul' height~ as tho basin fillpd ,\-il h
lllUd. I~he spill\vays of tho San (~al'los danl, as planned, eoul(l IH'
raisGd 1.2:1 feet in height, inel'casing the crtpacity of the l'esei'\?oi l' 1ti

tltat) extellt at slnal1 cost, ,'"ithont endangering the s'Ll'uGture.
rrhe silt \vhieh is eat'l'i(~(l by (lila Itiver is execedin£?:]v li~.dlt. ;lnd

requires a llulntJcr of cla~~s to settle in a 1Jl'St tube, and iti~'l}~t~Li(;~-ed 'i h~t ~

I:
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~ pOl'tion of it ,villl'ell1ain in suspension until it is carried over the spill-
;1\' or throngll the gates. .1\.s irrigation is praeticed on the flat lands

,,1' ~the (jihl Valley the \vater plano in that distTict \vill be raised
much nearer to the surface than it is no\v, and less irrigation ,viII he
!ieeessary. Nurnerous point,s are knO'\Vll in the San Joaquin \-Talley,
,11 California, \vhere \vater could not be obtained in \vells prior to irri
'::ltiOIl, and ,vhere 110\Y, after t\venty years of irrigation, \vater is stancl
:ng at the surface. Near }1'resno, California, the \vater plane has risen
!t) such all extent that but one irrigatioll a year is needed 011 the
\'ineyards.

"TheIl the irrigatioll count.ry has developed to the extent tllat all
water available frOTH the reservoir is required, nnd \vhen the reservoir
tUiS reached the point \vhere the silting endangers the COllllllunity, it
probably "rill be advisable to eonstruet a large storIn ehanneI around
the margin of the reservoir :~nd abo\"'e the lllaxinlulll ,vater line tb
1~arry as l1luch as possible of the \vater of the ri-ver. Such portion of
~he water as is needed'for irrigation belo\vcan be passed throHgh this
canal,vithont stopping ill the reservo~r alld nULy be diverted at tIle

) proper point neal' the irrigated fields. "1'hi8 canal could be constructed
lit' large section for the first portion of its eourse and the seetion after
wards reduced. -1\. spill\,yay should be located at the point ",here the
,'anal is reduced ill capacity and the exc.essive,,-ater be draV\'Il fron1
1he top of 'the canal into the reservoir. .1\ larger portion of the sedi
ment \vhicll',vould travel in the bottonl of the ehaunel \yould reInain
~ll the con~luit, and the C'larified \vater \vould be diselutrged into the

. reservoir. ..A. vel00ity lllay be Inaintainecl in t.ho rernaining portion of
the canal sufficient to calTy' the silt through it to the river belo\v the
rl:lln. ..

'rhe suggested cH,nal, being above tIle 111axilnunl water line, \VOllld
, pl'ovide an' effeetive head for hY(~l'anlic giants for sluicing the silt
1 whieh had previously· been deposited in tho reservoir. On favorable

decasions, \vhen the reseeyoir \vas praetieally elnpt~y, this sluieing or
washing out of the basin eonld be praeticed. On July 11, 189D, there
was 27 per cent of lund in (j-ila l~iYer at the lJuttes. "fhis is the
:I'eatest alllount of sedirnent ever obseryed in this river. Frolu tl1is
n,,·ill he seen that tho sn~pended Inatt8l" is exceedingly light, and it
would t hel'erol'e 1>0 possible to Hlove large q llantities of this loose THud
with hydranlic giants and carry it in telupOral'y fiulnes, or eyell in t.he
river ehannel itself, through openings in the daHl. I~xperienee \yith
nght silt in construeted reseryoirsc]so\vhere sho\vs the greatest deposits
~() Occur ,vhere the \vater 'is deepest" \vhich is near the daIu. 1101'8 is
:tlso the greatest storage eapacity of the basin.

rrhe drop frcnn tl10 stornl eaual 1.0 the bed of the river belo\v the
lbun ,vould probably be not less than 160 feet. If DOO eabie ff~et of
~\'ater per second should be disehargecl through this eanal, over 8,.176
theoretical horsepo\ver eonid be developed. During certain periods
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of the year Gila River is almost dry, and this po"rer \vould not be
available froll1 the eanal; but when such occasions existed in t.he river
the reservoir \vould necessarily be dra\vn upon for irrigation, aud
po"rer could be obtained frolll the discharge frolH the reservoir. It is
possible that froul 2,000 to 5,000 horsepo\ver could be developed in
this luanner. The section of ..ATizona in the neighborhood of San
Carlos is highly 11lilleralized. .Copper lnines of great value are to he
found at Globe }tllcl at Riv"erside. No,,, and eflective processes haye
been discovered for reducing copper Inatte electrically. Fuel is high
priced. On the above basis it is reasonable to preslllllc that \vhen the
time arrives for the building of the storIn canal arol1ud tIle reservoir
suffi~iellt revenue can be obtained fronl po,ver to pay the interest OIl'
the cost of construction of the starnl ditch. This po\ver could also be
used in cleaning out the reservoir ,vit;h hydranlie dredges.

vVhile the deposit of silt irl tIle reservoir is probably tIle lllost seri
ous question ill conne.ction ,vith the hnpollnding of ,vater on the (}ila,
it is believed, OI~ tIle basis of the above argulneIlts, that the sitnation
cOllld be controlled and that the reservoir may l)e Inade to do service
throngll a long period of years, if not indefinitely.

EXPLOR...t\'TIONS FOR BED 110CI( .AT TIlE BUTrrES.

rl'he material tllat covers the bed rocl{ at tIle Bllttes and at Queen
Creek is a sand and gravel saturated \vith ,yater in the bed of a caIl
yOll, throngll \vhiell varying volullles of \vater illig-ht be expected li)

be discharged, ranging from 100 cubic feet per second to 1,OUO eulJie
feet per second during the periods of lo,v ",vater on the river. l'hese
low stages of tIle river rnight be expected to exist frolH the 1st of .i\..pl'il
to the 1st of July, after ,vhich violent floods of llluch greater VOlUlHC'

wOllldprobably occur at tIle Buttes danl site.
On Queen Creek large bo\vlders occnr at the snrface, and althongh

the strearu might be expected to be entirely dry during corresponding
dates, after that tilne violent floods rnight occur any day. (}rp:lf.

reticence \vas felt on the part of everyone in gi\~ing fignres that shou1d
be regarded as even roughly appl'()Xin1ate for this ,york. Nnnlel'OU~

well drillers \vere intervie"red in SaIl E'rancisco and in southern ('(\1 i·
fornia, and none cared to bid, Ul1c1er the conditions. T,yo luethods of

going to bed rock ,"ere suggested-one by Ineans of open shafts, and

the other by the use of the dianlolld core drill. ()nly one bitl \\';!.....

received in reply to proposals, and that at the rate of 815 per lilil.'~i .

foot. This \vas rejected as too high. It ,vas admitted by all that t li(i

dianlond eore dri~l ,voulcl\vork a~cnI'ately Rlld easily in solid 1'0<' k.
but ,vhen it canle to going throngll bo,vlders of "varying' size i t \ra~

conceded to be exceedingly d ifflcnlt, if not ,vholly ilnpraeLieahle.
As stated above, the one bid \vas l'ejeeted, and the Geologie'l.l SUl""(',r

carried on this ,york at the points in question, and succeel1(~d in
t.horongllly solv"ing the problern, largely o\ving to the experience \rlCi,.'h
:LvIr. j\..rthl1l" I~. Davis hri.d acquil'c{l'jn ,.,rork: in. N"icaragua.
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Discharge in second-feet.

A. RATING CURVE FOR GILA RIVER AT THE BUTTES. USED DURING PERIOD
FROM JULY 11 TO AUGUST 10,1899.
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l"~\l·UTT.J EXPLOI~ATIONS FOl~ BED HOCK. AT TIlE BUTTES. ~t3

DIAMOND CORE DRILL.

t--: n1is ,york '\VClS sOIne\yllat uniqne, it ,,"ill be of interest- to give its
. ,;':'1'(':-;8 in detail, t.ogether \\~ith a description of tht~ t.ools enlployed.
:'dllsidering the rnatter .of gOillg dO\Vll \vitl1 a shaft the 1110st seriol1S
t.:)lr~Jns ''lould be the ,yater elleounte}~ed. In \yorking\vifh a shaft

ri ,,'or \"ould have to be carried in a. f1 urne b.y 1,110 \yol'k:s for a lOllg
,tJ.llce. ..l\. large pUUlp \vauld have to be kept going eonstantly ill
" ~hflft, and it js doubtful if under the lllost fHYorable eonditions it
,,;lld be able to handle the anlOllllt of \vater ,,~hich ,yould be encoun
..\,(L IJumps ·w"it.h valves ,vould be harred on a.ccount of the large
.lnunt of sanel 8nspelldod in tIle ,yEtter. It ",va·s· estinlated that it

.. i!dd eost 84G per vertical foot t,o sink shafts under these conditions.
:!i~ ,\~ould perruit of putting do,vn about four holes at the Buttes

,~th the funds available, ,yith bed rock at frorn 75 to 123 feet. The
·r ual eost of sinking 170 lin.ear feet, of shaft, at the 1110Uths of one of
.1 1 canyons of a southerll C;alifornia river, in an attelnpt to 'determine
,.;} rock, \vas $85.8'7 per foot, the depths ill thois ease yarying froln 15
.' :;l) feet, and tIle 111aterial througll 'Vl1ich the shafts \yere sunk con.-
.,ting' of snnd and bowlders. rrhis ineJuded the labor of building 700.
··"t· of fiullle, but not the cost of the llll1lber, "rhicll "vas furnished by
,I: CCHllpany' for all ,york. rrhere 'Vf1S pUlnped fronl these shafts ,vith
l;lO-horsepo,yer boiler alld eIlgin~s o\rer 100,000 gallons per 110111",
l't yet tIle ,vater eould not be k:ept dC)\VIl, and tIle cleepest sllaft had
:l;:llly to be aba:uclollecl before l)ed roek \vas reaclled.
The best, estiU1H,te that could be ol)tailled of the cost of Sillkillg by

,1'aIlS of the dialllond core drills, as furnish.ed by San Francisco con
",tetors, ,vas S12.o9 per linear foot., 400 feet to be sunk, bllt they
'lilld not offer a bid even. on these fig1lres.
The follo"ring letter fron1 1\11'. r~r. F. Richardson, departlnent engi

''1.'1', dam and aqueduct c1epartluellt, luetropolitan ,vater' board, of
''1~i.on, is of interest as bearing Ol~ t,Ilis subject:
\re had t,vo diamond drills, one lnanufaetured by the 1\1. C. Bullock l\Ianufac·

··.!"iug Company, of Chicago, ea.lled the Badger drill. This drill \vas int.ended for
~!il'ectingin tunnels, but was fitted up especially for us for surface ,york. This

',. h.:hine cost us 8900, whichincluded one set of diamonds "\vorth about $200, and
'.': necessary fittings to put down a l~-inch hole about 200 feet.
Unr second Inachine \vas bought from the Sullivan ~iachineryCompany, of Clare

:'"nt, Ne\y Hampshire, and \vas called" 8-510." This cost ,vas $1,132.80, but no
Ii:londs were included. The t\VO Inachines \vere fitted for and were capable of
:!lg about the same aUlount of \vork, but the net cost of the Sullivan machine

'•. L~, OVE~r 8·100 lllore than that of the Bulloek luachine.
()ur \vork here ,vas very difficult, as the bottoln of our gorge was blocked up
.tIt large bowlders, and we found it necessary to use several sizes of bits, namely,
inch, li-inch, it-inch. \v'"e also had to fit up so as to be able to. put down

·jnch casing, using diamond bits to bore it c1o\vn, the purpose of the casing being
biJre through bo\vlders and gravel, so as to be able to ,york a l~·-inch bit inside

,t it. Altogether we had two quite complete outfits for doing all kinds of wo:r4
,;, to It-inch bits.
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The repairs necessary to the luachines ,vere not very large) the prinC'ip;, {;
..,repairs being for lle\y bit blanks and for core lifters; bnt in order to ll" ! Lh
successfully it is necessary to have quite a nUlnbel' of applian(~es out~jllt· J ! •

actnallnachines~ and these co~t considerable money~ ()ur total outlay for III .

,vas S·2,G25. In addition to this ,ve spent $3,873 for dialllolHlfi, bnt ~ve h(n'f'l,'~ ..

present tirne about $700 \vorth of diamonds on haud, leaving the net cost of u~~ ;
monds about 83,173.

'Vhen \ve started in on our dialllonc1-drill \vork the cost of dial110n<1s W'n.s ~ ~ -•. 'i

carat: but at the till1e \ve finished the cost of di:1l110nds had risen to $:~~G }Jt.r «,:~','

and I believe the price is about 836 at the present tittle (.A.ugust,1SBS).
The tot.a] amonnt \vhich "ve drilled \vas 2,814 feet, the deepest hole l)(!lU;.: . ~.

feet deep, an<.1 the average depths of holes about GO feet. rrhe alllOlll1t a(., c •

plished per day \vas from 0 to 32 feet, the average aUl0unt being probably nh~!·:

or 12 feet per day.
The cost of. drilling varies very largely, both ,vith the hardness of the ro('k .:: .

the condition of the rock as to being seamy.
Follo"\\ring is the cost of labor, dialllonds, and coal for drilling, principali)' ~,'.

, l~-inch bits, through three different kinds of rock:

Drilling 324.2 feet of rather hard, tough diorite rock:
Labor - . _ ~ - - _... - . . .
Diamonds .. _.. __ . ~ .. ,. __ .. __ .. __ ~ .- __ __~ __ ~ _~ .
Coal. .. __ .. _.. .. __ .. , ow. _ ... _ .. __ ... _ - _ ' .... • •

Total_ - . ----. -_. ... .. .... .. - .. _.. 4:.~L',~

Cost per foot _. - -.. __ - _.. .. - _.. __ - - - _- _... - _- . ... __ - __ .. .. __ .. . 1. If,

(86.6 feet of this was drilled \vith l~-inch bit, and 237.6 feet ,vas drilled
with 1i-inch bit.)

Drilling 150.7 feet of very hard syenite rock:
Labor " . ._ . . . . .'. l")~,,('"

Diamonds . . .. _'. ...' Zf.... t •

Coal .. ~ .. .. . . _.. _.. __ . __ .. . _.1 {t. "~.;

Total. .. .. __ • '_ .. .. _.. .. __ . .. ___ .:jH;. ~)I

Cos t pel' foot .. . __ .. __ ~ - _,... _. - .. .. _.. _.. __ .. & •• __ •• _ .. - - - .. • :~. !

(Size of drill, 1! inches.)

Drilling 286.1 feet of soft schist rock:
Labor " ... . _. .. ... _.. _.. • __ .. _.. __ 1fM). '. i-I

Diamonds . .. ...... .. .. .... ":' .. - -: - -- . - ~; . : .
Coal . _... __ .. .... .. .. __ . _. 11., .'"

To-cal . _.. . • _/ . _.... .. __ .... __ . .. __ ... _... __ .. . 2.~~' < ::

Cost per foot . __ _ ... . . _... ~ _.. __ . ..... _.. . 1.' :

(Size of drill, 1! inches,)

You will notice that there is a large variation in the cost of drilling thriiU .~.

different kinds of rock. The costs as given do not include lllore or less lost tit lr

and the depreciation on diamonds due to their being of smaller size after h('i~ ..

used. Finally they get so small as to be valueless. Depreciation of plant is a;.
not included.

Regarding the best size of hole for prospecting purposes, this depends lar;:' '~
on the work \vhich you have in hand. If I were fitting up for similar '''·(Ir~. :
what \ve did here, and only expected to fit. up one size of hole, I should fit up i~ro·r,.

ably for 1~-inch bit. .
When I speak of li-inch bits, I mean bits that give cores <?f about this !i:~i

though generally the cores are sonlewhat smaller than the sizes noted.

5001,000 2,

::*

A. RATING CURV

B. LO



DIA~IOND CORE DRILL. 45

!)i:nl1ond-cl.rill work is expensive amusenlent at the best, and I think you V\Till be
.. :t' to conclude, \vhether you do the ,vork yourself~ huying the machines, or do it
, i'l:ntTacL that the cost will be somewhere in the neighborhood of three or four
::ars per running foot.

It \\~as decided to attempt to explore for bed rock: by mearlS of
.. ;Illlond core drills, and, through 1\11'. Ai~thur }>. Davis, ,vho was in
:::Il'ge of the ,york, lllachines for tl1is purpose \vore obtailled froln ~i(~c-~ .

\ ;l';ll'agua Callal COlumission. Tllese lllachines had been useJ,>.~l~.;.",
\ ic'aragua in exploring for bed rock along the route of the proposed
:t11al, and had done efficient service. rrsvo forelllen, l\fr. P. 'I'ierney

.,ll{l 1\11'. 1". J. 11..A..rehaulbault, ,vere elnployed to rUIl the macIlines.
;'!lese Inel1 11ad previously used then1 in Nicaragua, and 'vere entirely
'll1npetellt to do the ,,'ork efficient.ly. The 'lnacliinery is in t,vo
!;~tinct parts: First, a pile-driving apparatus for putting pipe or
" i:-,ing do,vn througll quicksand Ol~ earth; the pipe is after,vards
'xashed out, and inside of it the sI1aft ,vitll the diaulond bits is operated.
I'lle second part is the drilling apparatus proper. 1:'he l11aehinery
;~ yery light, and Blade so that it call be knocked down to ,veights
~ha.fj ,yiII adnlit of the sections being carried 011 the backs of Ine11.
'.rho halnlner is in sect.ions and can be increased or lessened in ,veig}lt.
The bottonl section is cored out and filled ,vitIl "rood, so that the l)lo,v
0.11' t.he halllll1er ,viII not: abrade the head of the pipe. It is raised by
i!l\(lUS of a hand ,vinding dru1n, and is tripped 1vhell it reaches tIle
:ilpS of the guides, and falls upon the pipe. 'l:'he rnaxil.lluIll lift is
;;~ feet filld tIle lllaximllffi ,veight 190 pounds. A tool-steel llead is
~;'!'e\ved i11tO tl1C top of t.he drive pipe for the hanllller to fallllpQn.

'rhe pipe is SllOd at its 10,,,er end "\vith a tool-steel S}lOO, wl1ich is _
!hieker and heavier than the pipe, but equal to it ill interior dialueter.
The size of the })ipe used is 3t-inch, 2~--inch, and 2-inch extra, heavy
···!·re\\~ pipe, ,vith extra llcavy couplings ,vhich have beveled corners.
The sll1a.ller dianlete1' pipe is in each case ulade to fit into the larger
diaTneter if required. It, ho,vever, requires a special make of 2t-inch
;lipe to go inside of the :31--inch pipe. The pipe is driven through the
"and and gravel until bed rock is reached. rrllis is indicated by the
['C'fusa1 of tIle pipe to go any farther llnder driving. The pipe IS cut
;n 5-foot sections, and as it is driven into the ground ne,,, sections are
put on until the desired lengtIl is reached. 'Vhell the drive pipe has
!"i:aehed bed rock, what is known as a chopping bit, ,vbicll is a biti
with openings for water to flow through its point, al1d to wh.ich is
'/'!'e\ved a i-inch pipe, is worked into the drive pipe. The top of this
.t-inch pipe is connect,ed ,vith a small, double-action hand force pump
r,y a hose.

The chopping bit is cIlurne(l around in the sand ,vhich is inside of
:he drive pipe, and the ,vater ,vhich is under pressure is discharged
through the point of the chopping bit, and floats tIle loosened sand
(jut over the top of the drive pipe. In this manner a hole can be
rf:adily cleaned to depths as great as 130 feet of sand and small gr~'Tel.
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234.00
45.00

STORAGE OF WATER ON GILA RrVER AR[ZO.'A.

Total number of feet sunk -.-- --- - .--- - -.- .. - --->- ---------- ---- ---- -
Total cost - -- - . -- - . - - - - - -- - > - - • - - - -- - - -" - - - - - - - - - > - - - - - • - - - - - - - • - - - --

Cost per foot - - - . - - - - - - -. - - - - - - - - -' -- -- - - -- - -- - ., > - .. - - - - -- ..'- - - - - • - ..

Clost per hole, 7,227"",52 -------- ---- ------ .. --- - ---.--- -- -------------

Total cost per month .. ____ _ -. - - - - - - - - -- - - -- 80:1.(\\
Ten months, at ,"'03 ._. . -- -- .. ---- .. - - 8,OJO.t"

Total, ten months --.---- ---- -- -- -' 2.070.00

Sunw:y expenses per mon h -. - - - -- - - --. - - - -" - .. - - - - - - -. - -- - - - -- -- -- - -

Foreman - -. - . - - - - - - - - - . - . - -. - - - ... - - - - - - - - - -- -. --. - --
6 labore!'s, at $1.50 per day, 28 day;; .. - -.' -.,. - - - -- - - - - - ... - -- --
1 coole - - - - - - -- - - - - - - - -. - - .. -- - . - - -- - - - - - -. - -- - - - - - - - - - - - - - --

COST OF OPERATING.

The diamond-drilling machine used wa built by the Amcric:ln
Diamond Rock Drill Company, of 1:23 1... iberty street, New York.
One-inch bits were usually employeu. The diamond drilling machin·
ery'is sho,m on Pis. I and YIl, A. Thc drill i' opcmted by hall,l
power, six men being economically employed on this work as well a~
on the driying of the pipc. The machine is capable of going :?OO fCI'

into the rock, and will make from lj to ' feet a day in hard roc-k,
and from 10 to 15 feet a day in softer rock. The I:osl of the machint· .~.
complete is approximately 81,000, illclUlling l\\'0 bits, which ;11'1'

worth abont S:?OO each, et with 'ix Jiamonds each. The diamnnd'
are kno\\'ll. as black diamonds, and "hOllld weigh approximately I
carat each. Two machines were used on work in :,ou' hern :\.l'izUIt<l.
There was paid for the pipe :'500, including' tool and fittin~".
delivered in Arizona; S100 of this amount beiug freight from ~l'\\
York. This would make a total cost of outfit complete of 81,590.

Cost of operation peT month of bed-rock explO1'ation,

240 rations, at GO cents .. - - - .... - - --. - - -' - - ' -- - - -- . - - - .. " - - - -- - - - ., .. -
Total repairs. pipe au,} lumber for one par y for ten months_ - - 500.00
Total commissary charges for team, feed, etc ___ __- - - - - --. - - . 350.00
Total moving .... __ ." _._. . __ ._ -- -- - - - - --- -- - ---- .-- - 670.00
Total;;unc1ry incidental;;---.-------.-------------·-- -------- 200.00
Total supervision .. . .. __ - --. - - .. - - - - -. - - - .. - 350.00

The diamonu-dl'illin rr machinery i put to work \\'hen the dri\'e pi; •.
is cleaned out, and it is po ible ha it may demon HaLe that, insu':I<1
of being on bed rock Lhe dri\'e pipe has stopped upon a bowldn
As soon a the diamond bit pa e through no bowlder it drop., whi..}:
is an indication that beu rock ha. lIOt been rea(;hed. The dianlOll.i
drill is then drawn and four 01' five sLick of giant powder are low('r,·,
h u~h he pipe to the bo\\·lder. The uri\'e pipe is then pulled Iq,

fo l' or five feet, and the powder digcharged ty mean. of an eleci ri,'
firing battery. This shatters the rock, and the dri\'e pipe may thl'll
be forced t,hrough the plintereu towluer. In this manner pipr l)(

these var.dng diameters were driven to bed rock at five differeilt
dam sites, and at every location successful results were obtained.

46



COST OF DIA~10ND CORE DltII~LING. 47

Ir the origIJutl cost of lllfi,chillery be distributed over this \york, the
~\,~ult~ \vould be as follo\'f's:

~;;;~(~;:~~;~:;.~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~: ~ ~ ~:: ~ ~::::~: ~ ~ ~: ~ ~:::::::~: ~ ~:: ~ ~::::~ $~: ~~~: ~~
rfotal cost . .:. . _.. .. ________________________ 9, 680. 00

Or average cost per foot, $2.86.

j;oth Inachines are still in good repair after ha"ving been used in
:\ icaragua and in various loealities in i\rizona and California.

'rhe total depths penetrated in allll1aterials at the various dam sites
arc:

1 'I ~1------------------1 Covering. I Rock. ~I
1'he Buttes , 11 1,621.2 196.0 1,817.2"

Queen Creek .. .... , 357.8 55.6413.4 :

Riverside ---.-------- ... -.- .. ----.--- \ 729.8 40.2 770.0 I'

Dikes . ..... 80.0 0.0 80.0

San Carlos ----------. 143.2 I 30.4 173.6 I
'1--1-----

1
T ' 1 II 2 '932 0 I 3')0) ')' 3 I 25544.' ~') Iota .. -- -... _-.--. ----- . __ .. 1 ' • I ~~. ~ ~~

~rhe ,vork nJ, the Buttes at the last. three holes and at the Dikes ',vas
\'(~l'Y greatly delayed, o\ving to the loss of the origillal drive pipe by
hreaking beneath the surface. rrhe pipe that \vas next obtained broke
l'ontinually under the l1allllUel", and a Inonth's tinle of one party \Vas
lost l~y these int,erruptiollS. rrhe expense of this work is included .in
the above estilnate. (),ving to the. long lllove by tean1S of the outfit
to San (]arlos danl site and the constant interruptioll by floods of the
work at that point and the consequent Sll1HJl c:unOl1nt of driving done
there (173.6 feet), the cost of that portion of the \vork ,vas a110ut $6
per linear foot. If San (;arlos is not included in the estiulate, the
average cost per foot, for the reluaining pOl';;,i.on of the work ,vould be
reduced about 10 cents.

'rhe advantages of tllis class of ,vork over the shaft method are
manifest. It is probable that not over five or six shafts could have
'IPen put do,vn ,vitIl the total funds available in case that 11lethod
"'\'ilS practiced, and it! is problelnatical even then if it could have been
deeolnplished. By the drilling Inethod elnployed the location of bed
ruek is not onlJr detetnlined, but an (letual s:tlnple has boen ,brought
tIP, \vhich can be tested for specific gravitv, crushing strength; texture,
lillality, or in any other manner desired. 1'he ,york ,vas entirely suc
i'i,'ssful, except at San Carlos, \vhere the floods became so violent during
t.he mo~th of August, ISBD, that the lllachinery co~ld not be kept

t .



48 STORAGE Of.' \v~iT}1~R ON GILA. RIVER, ARIZONA.
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EXPLORATION FOR FOUNDATIONS OF DAM.

Log of borings at the Buttes cla/in site, Gila Rilocr, Ar-izo'lw.

A RESULT 01

Ib Nat reached at 101 feet.aNot reached at 7'7 feet.

standing in the river~ and but t,vo holes reached and penetrated t h~.
beel rock.

The contollr lllaps of the Bu.ttes darn ano.reservoir sites, ,,,llich werr
surveyed in 18HG, ,vere based upon a. datulll '\Vllich ",vas taken frolll thft
local records of the Florence eanal. Snl)seqnently a line of level~

II' . 'I I I . f I IBed-r,lCk ~I
I !Depth to! . i Correct I Correct eleyatlons

Ljne· H.?le !~D~ep!,b to: bott,om I ~1il~~ ! eloYation I elevit.,tion !rd~~~~~do~o
I :N o. .N o. :nLd 1 oek., ~f Iin rock :of surf~(~e ! 01. contour

i I borIng. . It.Tune~ 1bg~. bed rock. map

I ! I i (== +13.38).

-----I Feet. !~I Feet. I Feet. Feet. Feet.

~ ~'~~:~ I 1~:g ·1 ~~ ~ i l:g~g:gg t~l~: ~~ t:gg~:~
2 3 21.4 l 28.3 6.9 I 1. :>$)1. 52 1. [\70.22 t 58.'3. 60
2 4 70.0 i 77.5 I 7.5 I Lr,SRtX) 1.519.00 1,532.38
2 5 122.6 132,0 I' 9.4! t :')SH. 00 t 4-Go. 40 1,479.78
1 1 65.0 ~~.O 17.0 11:5SH.OO 1,5:2+.00 1,587.38

. 1 2 80.0 95.0 I 15.0! '1. 58!). 00 t 50~1. 00 1~ 52'2. 88
1 6 105.0 112.3 I 7'.3 I 1: 5ti9. 00 lAst 00 1. 497. 38
1 7 70. 0 ~!H. 0 I 9.0 I L 5S9. 00 1: 5UU)0 t 532.38
1 21 58.0 64:.0 11.0 - l t 5,-'B. 00 1, ;jaG. 00 1,549.38
1 22 13. 5 20.2 6.7· ! 1~ tlj!l. 00 1. 575.50 1,588.88 I

i 4: 14 8.0 12.6 4.6: 1,5(:\9.00 1.581.00 1,5H4.38
I 4: 13 ~2.1 ~~.2 ~.~ 1.5SB.OO I~52G.90 1,540.28' II 4 9 7~. ~ ~b.! ·1 ~. ~J 1. :).~n. 00 L 517.60 1, &'30. 98 I
I 4: ~o 6~. b ..1:. i) I D. 9 1, 5~9. 00 L f):!O. 4:0 1. 58.3.78

I 4: 10 ~(j. 8 ~4'1 I 1~. ~ 1. 5SH. 00 1. 5::2. 20 1~ 535.58
4 15 H--1:.0 10., I' b. , t 5c~9. 00 1; 5:~5. CK) t 5.'38. 38

I 4 1f 62.7 70.7 S.O 1: [)!J±. 00 1, 5:32.10 1~ 545. 48
4: 17 70.0 79.0 9.0 I:5?U.ti2 1,5:2B.6:! 1.54-0.00I 4: 18 68.7 in. 1 I 11. 4: I 1. 602.12 I 1. f>0:J. 42 1, 54u. 80 I

. ~ 1~ ~'6 ~!.g i lZ·Z I YjJn~ I pn'~ ~'~~I'~ i
I i ~~ (~jo __ ..~~:.~..L..~:_~._I ..~~~~:.~.. I ••J.;.~~:.~ ~~~~~~._Il. 25 (b) -_···· ..··1-·.. ·_..··,·..·······..1··· ·· .

.J~S reeoIlllnended in the report by J\[r. r\.rtllur P. Davis, 111:t(le in

ISDG, explorations }UlY€, been lllade t.o deterlnine the depth of bed r()("k
and the quality of the roek: at the Buttes d.anl site. By thiR Slll"'''y

of 18D9 the cliarnond core drill denlonstrated. the fact that the son nd c

ings "Thieh "~ere Inade by rods and \V"hich are deseribed in th~ report
above Inentionod -\vere luisleac1ing. 1"he1'e is proved to be a lindt
beyond ",vldch it is inlpossible to drive rods ill gra,vel and sand, and
tllis linlit, \vhieh is found to be approxinuttely GO feet in the luateriai
composin.g the bed of the (iila, prevellted the eorreet deterlllination of
bed rock ill 18HG by the rod 1110tllOd. rr'\venty-four ]loles ",vere put do,,,}}
by the diall10nd eo1'e drill at YariourS points in tllO eanyon at tIle Bllttet',
the effort havin.g l)een Blade to find SOl1Je point \vhere the bed roek
,Yould be shallo'v. The follo,ving table sho'vs the depth and charac..
ter of tIle bed rock deterlllilled.
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. \'\'1 :\COTT.-] BtTTTES !{ESERVOIR. 49

":t~ rnn fron1 the ra.ilroad sta,tion of Casa Grande, on the Southern
j l:;t'ific line, to the 13uttc's daul site, and npoll this datuln the topo..
.. ;:i phie luap of the irrigilble lands in. tIle vieinity of Iflorenee ,vas
. i;Hle. lipan tIlis corrected datnnl the canal surveys ,vere m.ade, and

IH'lleh nUlrl{ \vas established at tIle I~uttes daln site. rrhe elevations
'i\"ell on the large contour 111ap of the danl site, ,vhicll is on a scale of

".1 ff·(·t to tltp inch, are based upon tIle first eleyation of l~lorence canal
:;l1111n, \vhicll the subsequellt levels sho\v to llave been 1;).38 feet too
::i~·ll. T'he elevatiolls- given 011 the plans and sectiollS of the Buttes
·;;1111 correspond to the elevatiolls of the contour maps of the danl and
'"":-iC'rvoir surveys and do not correspond \vith corrected elevations.
Tile eleva.tions given in t.lle above table are both the corrected ele
\;\1jons and the elevations on the saUle datum as that used for the
f'ontour 111ap alld plans of dam.

'rho holes ~Those surface elevation is given as 1,589 are those bored
lli the illlllledjate bed of tlle streanl. Those of lljgher elev"'ations
:-tal'ted on tIle alll1vial benches above lo\v-,vater level on either side.

QUALITY OF BED ROCK.

.At each one of these points a eore ,vas brought IIp showing the
"('lalit,y of the be.d rock. rl~he follo\ving table is a description of the
tores obtained at the :Buttes:

Cores obta.ined front borings at the Buttes.

I I I
Number' I?epth. Lellgthof
of hole. dr~~~~.ln ob~~r:ed. Quality of rock.

Feet. Feet.
23______ 6.0 4.00 Pearlite.
24: ,_____ 7.1 I 4.40 Pearlite and ash.
3_ ______ 6.9! 2.40 Pearlite. very solid and brittle.
4_______ 7.5 I' 1.30 Volcanic ash.
5_______ ~.4" 4.25 Volcanic ash, badly pitted.
L._____ 17.0 III 9.00 Peal'lite,mingled\vithash..
2 .___ 15.0 1.40 Porous ash.
6. 7.3 2.40 Volcanic ash, badly pitted.
1_______ 9.0 I 5.30 Iffl.rd ash.
21. _____ 11.0 2.40 Hitrd, volcanic ash.
9') I 6.7 I 5.00 Pearlite.
14:===== 4.6 II, 3.00 Volcanic ash.
13

1

6.8 1. 80 Volcanic ash, very porous.
H_______ 7.3 5.20 Blended ash and pearlite.
20______ 5.9 4.50 Volcanic ash.
10______ 17.3 4.10 Voleanic ash, quite hard, but badly

pitted.
15 I 6. 7 .85 I Very porous volcanic ash.
16______ 8.0 5.00 Volcanic ash.
17._____ 9.0 2.50 Do.
18 . 11. 4 1.66 I Do.
19 '._. 7.6 I 4.00 I Do.
8. 17.0 I 2.25 I Do. very porons. "
11______ 12.0 I 5.00 1 Hard. volcanic ash.

112. ------------11------------l B~d rock not reached; hard pan at 40
. feet.

25 •• 1 • i Bed rock not reached.

216. 5 I 81. 71 I

/
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Tb.e locatiol1 of these borings is ShO\Vll 011 PI. 'TIll, B, tllese bein.:.:
arranged in five clifi~erent rO'V8. At the relative loeation of eacll hull'
a figllre has beel1 placed on the cUagra111 corresponding to the llUllllh'!'

given ~11 the abo've ta.hles. 'rhe point 111arked "B. 1\1." sho,Ys the po~i

tion of tIle bronze bene11 Inark. set in the face of the cliff. It is tllt
initial point of the sur'vey for the location of the borings. At the poillt
marked "G" isa steel gad sevell-eighths of an inch in dianleter, Hel

in the rock.
In taking out many of the eores it ,vas found t,hat, \vllile the elrin

had entered the rock for distances of frolll 6 to 12 feet, the COl'(';,\
extracted ,vere very luuch less in length, o\ving to the crulnbling of
the rock as it, ,vas cnt. rrhe bed roc.1{ va.ries bet\veell a volcanic glass,
·or obsidian called pearlite, and a porous ash. 'l'he obsidian is excee<l~

ingly llard, but the ashy lllaterial is fnll or 1101es, quite soft., being
readily Cllt ,vitIl a knife, and of a crulllbling nature. ..A. total depth
of 21G.5 feet was bored into the bed rock, a..nd but 81.71 feet of core
obtained tiherefrolll, or only 38 per cent of tlle total length of the cor(~

,vas of sllch Inaterial as ,vould peTlllit of its extraction from the holes.
It is but fair to assume that the reulailling. 62 per cent is of a poorer
class of lllaterial than that ,yhich \yas extracted.

1'he follo,ving table gives erushing tests ,vhich ""ere made in the
lal)orat,ory of the cit.y engineer's ofiice. at Los .f\.ngeles, California.

. ' '

rrhe crushing Ijlnit of the lllachine used. is 2,5G5 pounds pei' sqnare
inch. '1'his ,vould be equivalent to 184.7 tons per square foot. ..A. good
lllany of the salnples eould not be crusbed 011 the Inachine, but it has
been considered tllat all roek: ,vhicll could llot be crushed ,vith thi~

pressnre is reliable and could be accepted as a satisfactory founda
t,ion Inaterial. The l)OOrest l'oek: is undonbtedly that portion of thp
core ,vhich 'has gone to pieces under the action of the diamond driB.
and "rl1icll could not be extract,cd. "rests ,vere obtained fron1 tllP

sanlples as 10'" as 79.5 tOllS per sqru1re foot. It ·lnay therefore be
assullled that the tests Blade a.re of the better class of rock, and that
if any of tIle s~l1nples indicate a ~~-eak:ness belo,,, the lilnit of safety it
would justify the abandol.llllent of the bed rock as a proper foundation
for a cemellt-llHtSOIlry darn. 'rhe assullled Inaxiulunl lleight of the
danl beh1g 170 feet above the bed of the streaJn, and 123 feet to bet!
rock belo,\! the saIne, or a t,otal height of 293 feet, the base \vould haYt'
to be lnade so ,vide in order to keep tJhe pressure at the olltside t,ot'

witllin safe lin~its tllat the cost ,vonla be prohibitory. SOlne of tht'
cores having crus11cd with 80 tOllS pressure per square foot, a rubhle
masonry daln is abandoned for this site. Crushing tests were JlHldp

by J. '''T. Robinette and S. G. Bennet,t. Specimens ,vere 1 inch lOll~

. and 1 inch in diameter.
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. ... ,.':/;c gravity, 10e'ight lJer cubic foot, and crushing tests of dia.nu)Jut-dr'ill core
. franz. bed rock at the Buttes, .A.rizona.

----I I I I • I I I
I . I I I"r~;ght I. Crush- !.Crush~

":,"'> l~f I'Veight! YV~lght ' Specific I l;~-r lIng' tes~, i Ing tpst,
~.".t'1. :. .'. I In I Loss. . ~'t Tit· I pounds! tOllS, Remarks.,; ...,. I III au, I water. I gra\l ~'I ~~~e iPei~~h:)iCiPefo<>Ot~iCII

---ILht~:e-::1 OUl1ces.l~nceS'---I-·--II~ -_._-----
i·----I' 1.10 I O.flO I OJ>O 1.86 1113.4 2.56.5+ 184.7+. Stood2.0001'ounds.
~ .. ,.. 0.75 0.30! 0.45 1.66 103.0 I 1,035 79.5 II Crushed at 807

I I I I . '"f. pou~ds.
:1..---1 .1.30 I 0.75 I 0.55 2.39 I 14-9.5 I 2,565+ IBJ. ITI Stood 2~OOO pounds.

~~~:~:II8:~g I g:i~ I g:~ l:~~ 'I iiKs I ~:g3~t i~t~tl' B~~
G... -- 0.82 0.40 0.42 1.95 '122.0 I 2,469 I 177.0 Crushed at 1,926

I pounds.
.. ! 0.70 0.30 0.40 1.75 109.0 2,288 II 16·1. '7 I C r us b.e d at 1,785
I ~----li I pounds.
~ 0.85 0.40 0.45 1.86 116.4 2,56.5 184.7+1 Stood 2~OOO pounds,'-' _._--, I I hut developed lon-

I
I I gitudinal erack

!l.. , 0.90 0.45 0.45 2.0 125.0 2,088 II 150.0 iJ~~;~~:~~::~:
I I pounds.

In __ ._-I 0.9;j 0.46 0.49 1.855 116.0 2.•)65+: 184.7+1 Stood 2,t)()(} pounds.
11-----1 0.86 0.45 0.41 2.10 131.0 2,077! 119.5 I Crushed at 1,620

! i ! pounds.

QUARRY TESTS.

'fhe rock at tIle 13uttes appearing to be of a qnestiollable quality
(OJ' concrete or rubble Inasonry \vork, it ","as decided to be necessary
~n rnake quarrJT tests in order to determine accurately its nature.
:Hr. D. .1:\.nderson, 1l1aS011 and quarryman, of Los A.ngeles, California,
idade the follo,ving quarry tests:

.A.t the first cliff on the right bank below the daln site at the Buttes,
;~ feet baek froln tile edge, t\yO holes ,vere put down, 5 feet 6 inches
;~Jld 3 feet in depth, respectively. rrhis location is Inarked by t}le
!igul'e 1 on contollr lnap of tl1'e Buttes dan1 site (PI. IX). Eight
:--1 ieks of giant po\vder started the rock and one 25-pound keg of black
pO\\Tder pnslled it off. '-rIle result, ,vas 011e IO-ton roc.1{, one 2-ton rock, .
and nUlllerOllS sInall rocl{s ranging froln 25 to 500 pounds. Tile rock
:~ a pearlite, heavy, close grained, and fairly free froIll seaU1S. It
.Jj'opped from 150 to 175 feet, to the foot of the cliff, falling partl~r on
rarth and partly on rock, '\vithout badly shattering it. It drills easily,
1WO strikers gOiJlg 18 inches an llonr ,vith It-inch bit, 1)11t large quan
tities of po,vder are required to start the rock.

I'hesecond test, at figure 2 on PI. IX, was on east face of same
(·liff. Five-foot 1101es ,vere put down in a RteIJ sei~ies, 2t sticks of giant
p()\vder being used to spring each. Afterwards holes 2t feet deep
were filled \vith blaek po\vder, 3 kegs being used in five 110les. The
result is hard to estiulate-probably 100 to 200 tons of rock were
thl'o\vn do"rn. 1"11ere ,vere one 2-ton, two I-ton, and about twenty
fluarter-toll rocks. rfhe large pieces are pearlite; the smaller ones
are a hard ashy roek.

/



52 STORAGE OF \VA'rER ON GILA. RI'lER, A.RIZON...~.

TIle.. point ",vest of the left spill\vay, at figllre 3 on PI. IX, 'va.~

opened Oll June 10, lSft9, and a hole ,vas Pllt dO,VIl 4 feet 4 illehes auel
four stickB of giant pO\\Tder "Tere ex.ploded therein. 'rhe rock expospd
seelns to be a. partly solidified pearlite, light and brittle. Soft str(Oaks
and spots a.re found throughout the l)'lass, and it does not seem suit(~d

either in ,veight or structure to bear a rubl>le-luasonry dam. About
one-third of it is a ,vhite-colored ash and t,vo-thirds is Hi gray, hard
substance, brittle and light. 'rhe ash~y material cuts readily ,,~ith a
kl~ife, ,vllile the gray is hard to scratell. ~rhese \vllite spots are oft(lll
eroded bJT ,vind actioll \vhen occurring at tIle surface, holes being thus
fornled as large as 2 feet in dialueter.

At a point 100 feet northeast of the left-Iland spillway (belleh
111ark), at figure .:1 011 PI. IX, a 110le 4 feet 6 inches ,vas pnt do,vn 011

.June 7 HTld five sticks of giant po\vder were used (three and one-half
sticks t.o tlle pOllnd). rrhe rocl{ is silnilar to that previously noted,
but I1arder and ashy ,vhite, and usually resists a knife, but there ar(~

spots that cut like cllalk. In tIle lo\"er portion of t,lle spill,vay, at,
fignre 5 011 PI. IX, a blast ,vas Pllt off \vhich sho,ved that the Inaterial
is softer and jllore fragile in tIle Sl)ill"\vay thall else\vllere and of a very
questionable nature for eenlent-ll1aSOllry "\vorl{. On. tIle southwest end
of tl1.e IO\\T 1;>utte, at the left danl abutnlent, at figure 6 OIl PI. IX, a.
hole 6 feet deep ,,'as pnt do\vn June 10, and three stieks of giant PO\v·
del' "\vere ~lsed to sp.ring it. T~,velvep01~n(lsofblaek po,vderwere then
used to tllrO\V do"\yn the rock. 'rh.is revealed a higll-grade, heavy,
vOlCalli(~glass, resenlbling the first, tested across the river. Overlying
tIle l)earlite is a strea.k of ashy gra:y, but llarder and darker than at the
spill,vay.

rfhe prevailing rock at the dalu site is an indurated ash. It is
found in the cliffs of tIle left bank, east of the spillway and at t.he pro·
posed upper portal of the tUllnc~ 011 tIle right, bank.. The lighter ash
is liable to cr11sh and erode. Probably enough of the pearlite could
ho selected to build a concrete or rubble danl, but it ',vould be a mat..
tel' of selection, and much of the lighter rock wOllld have to be llloved
to get at tIle better rock. This probably ,,,ould be 50 per cent of the
mass. The rock in the left-hand Rpill\vay probably could not be put
in a concrete dam. It could, ho,vever, be used for a core of a rock
fill dam.

On the first cliff SOllth of the dam site, on the right bank, facing the
river, two large bla.sts \vere fired at the first projecting point, at fig..
lIre 7 on PI. IX. 'l'hree holes were put do,vn, 14 feet, 15 feet, and It;
feet deep, 18 feet back from the face of the cliff. The rock was hard and
cut coarse. TIlree Dlen could go down 10 inches per hour ,vith a chnrn
<.lri11. FOl1r pounds of giant po\vder ,vere used to the hole. This
sprung the cliff from one side to the other, about 30 feet deep. ~rhe

crack was then charged ,vith black powder, 3~ kegs being put down
to each hole. The powder in hole No~ 2 went into a crevice and did
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ittlo good. 1'he entire point SprU1Jg, bllt did not fall, but around the
dge ,vas revealed pearlite of a good quality. .There ,vere six Jllen in

.ill, including blacl{.sInith and helper, \\'"ho ,vorked fifty-three 110llrs at
! Ii is poi:Q.t. r-rhe rook dips into tIle cliff, so that ,,,hile the ledge was
pushed off as Jnuc}1 as 5 feet it did not fall.

()n June 24 about 50 pounds of giant po,vder ,vas placed in the key
,If 11lismass a.nd shot. Tl1is brougllt it dO'VIl ,vith the follo"\ving approxi
lilate results: I-oiength of fallen uiass, ~o feet; heigl1t above sand, 10
fr{il,; depth in sand, 5 feet; ,vidtl1, 30 feet. 'I'his is about :1:40 cubic
yards of loose rock. PI. X, --.4., gi-ves a -Yie,v of this test. ~rliere were
:tprn'oxilnatelyone 10-tOll rock, tel15-ton rocks, [H1d tJlirtY'l-ton rocks.
Tile Inass ranges frolll stone that, ,Yould pass through a 3-illCh ring to
rucks 150 pounds in weigllt. It is of a lnixed ashy structure, and not
~o1idified glass. '}1here are numerous flo\v lines or fissl1res ,vhich a,re

• <..,

('ont.orted, and the rock has gone to pieces badly. This roek fell 180
feet UpOIl t118 sandy river bed.. The pearlite is 110t so pure as ,~as

indica.ted by the first test; it seenlS to be stratified, and cll.anges often
[r01H pearlite into an ash, or the reverse. NUD1erous cJlips l{.-nocked off
the corners of l)ase of this cliff ,vitll a ]lallllllCr sho,v it to be a hard, '
rolcanic substance, SllCh as is frequentl:y penetra,ted by t,he diamond
drill as bed rock.
. .A.t the ,vest end of tIle first, blllff below dam site on right bank at
liglire 8 on PI. X 1ive Dlen worked fifty-three 11ours. The rock is
~ofter than that -at. the l1iiddle of bll1ff, sho\vn in .last test.s. .It cuts
\"er~y easily, but the drill holes cleall hard and the d list froln cutting
fornls paste ',vhen Iuixed ,vith water. r.rhe- average rate of progress
\rith the churll drill is 10 feet all 1lollr. Three 1101es, 8 feet a.part,
were put do,vn approxinlately 16 feet ill deptll and 18 feet fron1 the
face of the cliff. Four pounds of giant l)O\vder ,vere used to the hole,
;111d. tlle cliff 'vas crack:ed across tIle point. frhe crack ,vas opened by a
~eeoncl cl1arge, consisting of 2 pOUTlds of giant H:lld 5 pounds of black
po\vder to the 1101e. This r6'3ulte.d ill a crack: 2 inches ,vide, extend
ing 38 feet. 'I'}lere seems to have lJee11 an error in judgrnent on the
})f-trt of the quarryman in springing the rock too nluch before using
the black po,vder, which expended ,its energy, in a large part, through
the fissures of the rock. T'his crack: was thell charged ,vitIl tell kegs
of black powder, and a portion of the cliff in front of Olle of the
holes ,vas thrown off, knocl~ing down. about 300 tons of rock. The
other portions on the cliff were not. throwl1 off, but sufficient material
\ras revealed to show the llatllre of the rock. In this, as in the for
mer case, the rock fell 180 feet. Tllere were fronl 8 to 10 large rocks
displaced, ranging from 6 to 8 tons in ,veight, but -a large portion of
the fragments range fronl 100 to 200 pOl1nds, ,vhile nluch of the rock,
possfbly 25 per cent, is in pieces ,veighing less than 50 pounds.
There is a large amount of rock bl1ried in the sand. rrllis rock is a
reddish or fused ash, ratller light and brittle, but hard, and ,,~ith
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"ll1any seaJUs. It ranges in a very intricate ,yay frcnn glass t·o ash, illi,.

back again to volcanic glas~. li'ul1y 66 per cent. js glass. l\.t a POlt;<
25 feet south a s111<111er blast sho,ved pnre glassy pea.rlite, ,\'"hich fal; ..
'Yitllout shattering. rrhe first grade pearlite is rather rare and ('~U:

not be obtained in large quantities. rrhe ashy 111aterial is the prj ..
va-iling rock a.Jlcl is of inferior grade for constrnction purposes.

A block of the poorer class of t;]le voleanic ash fron} the spilhvH\
011 tho left. bank, eOlltainillg soft spots of light~ chalk-like lnatel'ia!.
,vas i1111Uersed in ,vater in June, and contiJll1ed under ,vater until 1hp
first of October, o,,"-er tllree 1llOllths. At tIle expiration of this tinH'
tIle softer portions of the rock: indicated, jf t.tnytihing, a hardeniJ(t:,
but still could be cut ,vith a knife. It \yould be bet,veen 2 alld :3 iii
tIle scale of hardlless..

In conclllsioll, it nlay be stated that it "rould be difficl1lt to seleet a
sufficient alllOl111t of roc]{ of first-class quality for concrete ,york or
rubble Dlasonry to bllild a danl of that) type of tho size reqllired frol1l

beel rock to a line 170 feet above the bed of the stream, a total height
of 223 feet, \vithollt large expense. rrhe rock at the Bllttes ,Yould I~·

suitable for tIle cOllstructioll of Hi rock-fill danl, the poorer class ro('k
l)eing placed in the center of the daln and selected rock on the two
faces and at the spill,vay ,Yeir on t.he rigllt bank.

It. i~ probable that the dam. could be lllost econolllically constructed
froJrt quarries at the cliffs on the right bank of the canyon belo·\v t114.·
darn, tranl,rays being l1secl for delivering the rock to tIle structlll'('.
The traru\vays \VOllld vary in lengtIl fro111 500 to 1,000 feet. If cahlp·
,vays "rere used they could not properly be placed on lilles ,vhich 'VOlt hi
be near or parallel to tIle axis of the danl, and if t.hey ,vere not so
located it ,vould require a double system of cables. for handling thp
rock, one to bring it frolll the qllarries to the (lanl site, and a second
set to distribut.e tIle rock at tIle dam.

The conell1sion reached froIn. t,he investigation of bed 'rock with thQ
diamond core drills and fronl the quarry tests leads to the adoption
of a rock-fill danl for the Buttes as the only class of structure ,vhich it
,,:rould be feasible to build ,vith the luaterial available and on tht l

foundation there existing. For this reason the estimate of cost has
beell luade solely lipon tIlis type of dam.

TYPE OF DAM ADOPTED.

It is evident that the desired type of danl must ha·ve a very broa.l
base, reducing to a luinimulll the pressure per square foot on eaeh
portioll of its foundations. .1.\ danl with this breadth of base ,voulel
call for a heavJT expenditure for the excavation to bed rock if th \
entire section were taken out. In order to be stal)le and to ret.aintilP

water impounded above it, the dalll illllst have an impervious connee·
tion ,vitIl bed rock. '"fIle style of dam selected (PL XI, B) is of the rock·
fill type, ,vith concrete retaining ,valls and ,vith a concrete spill,vay ,,~cir

f
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,dl t-,}lC right side. It js proposed to put ~ \yall do\vn to bed rock at tIle
.jpper toe of the d~llll suflieicllt ill thickness to \vithstalld tht~ pressure
,d', ~\'ater a,gainst its upper face \vhen exea:vations are ulnde behind it.
.\ t the lo\ver toe of the daul it is proposed tJlu.tt n si nlihtl" "raIl shall be
;Jlll do\vn to bed roek. in order t.o prote«,t tlle structure frou1 erosion
;"!'illll the s}Jill\vayon the right) hank an<l to retain the inelosed nutss
'11' ~and and graYel n,s a foundation for the riprap or dry-lai(11'0clc

'l'he seetion and rear vie\v, looking upstrealn, of this t)roposed
~t rnetul'G are SllO\Vn on J?ls. XI and XII.

Bet\veon these t\yO \valls there '\\rill be lleld a 111aSS of sand, gra.vel,
;llH] bo\vlders, \vhich constitute the Jlaturfil bed of the river and ,vhicll
will not be excavated. 'rhe distance bet\\reen these t\VO \valls is 234
(eeL It is proposed tl1at they shall be earriecl up above the bed of
t h(~ streaUl to an elcyation of 58 feet on th8 10\ve1" \vall and 6B feet 011
the upper \vall. I..Ioose rock ,,"ill be deposited bet\veen theln as they
aro raised in elevation, and the river ,viII l)e allo\ved to flo\v Hi portion
t,f ijhe tilHe over the 11lC1JSOnry \valls onto the 111HSS of rubble lying on
lhe sandy bed of the stream. r-rhe cl1urnillg action '\vhich ,viII result
therefroJll \vill perlnit the heaY'y rock to settle into the bed of the
ri\T~)r, it being desira.ble to have this take place as 111ueh as possible.
I,ll ease fhis does not occur na.turally, it is proposed to pUlllp \vater
1.lll to this rock and force a settlernent in that lllanner. T'he rock form
ing this portion of the dalll ,vill be as large as can be llandled.·~

.i\n outlet tunnel \vill be constrneted through t;ho point of rocks at
;110 right abutlnent of the danl at the lo\vest po~sible elevation, as
:~h(y\vn on }-:>1. XII. rrhis tunnel (1'>1. XI'!, ~4) ,viII be 15 feet lligh, 10
feet \vide, Ulld 13H square feet in area~ It ,viII discharge under pressllre
and 'Yith high velocity alHl ",viII c}'trrjT the river at all stages of low
,r:tter and in ordinary floods. It ,viII be abollt 1,000 feet ill length
;lnd have over 1,000 second-feet capacity. rrhis tunnel 'Yill pernlit,
during all usual occasions, of tlle regulation of the river as Inay be
l1esired <lnring construction. ....J\fterwards it can be used to carry off
llood ,Yaters, and it 'Yill not ordinarily S11pply ,vater for the irrigation
!'Clrutls. On the left l)ank the delivery tunnel (see PI. XII) \viil be
located 30 feet above the natllral bed of the streaUl and will dis
j'harge, if desirable, in~ 0 the Inain irrigation and po,vcr conduit.

.i\. serious problem in connection \vitll the construction of tllis darn
will be the handling of the great floods\vllich possibly lilay occur in
'he river during its erection. If SUCll a flood sllould oecur during
''Illstruetion, and be perulitted to pass over the darn ,vb.ile it is ill

:11 incOlnplete condition, the loose roek.s ,voulc1 probably give \vay
dnder the violence of the current alld destroy the ,vork already per
:'C)l'Bled. rrhere ,vonId thell be added t,o the flood the volunle of ,vater
""sulting froln the bursting of the reservoir, and disaster would £01-
;)\v not only to the strllctnre itself, bnt t.o set,tle~nents and towns
dong the Gila River belo\v the dalu. In order to prevent this the

,~.' -.
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t,vo lnasollry ret~:dning ,,'"aIls (1)1. XI, 1~) arn earrie<.l above the bed of
t,he river to the elevations nan1ed. If ,vhen these ,vall~ llave reac·hed
their Inaxinlulll height and the intervening spa.ce is filled ,vith riVI'Hn
a flood of great Inagnitu<.le should pass oyer the danl the struet 11 r~.

\vould stand, the loose roel{ being held lJct"veen the t,vo rctaill i llg
,valls ,vould settle cItY\Y]} into the sand bed betV{eOll theln. 'rhi~

yvould be exactly ,vhat ',,"ould be desired. .1\.11 eXi.11nination of l}J~.

'T, A, and XII sho'vs that the bed rock: has a very ii({t slope on tl)(.,
right <tbutlnent. It is proposed t,hat a "7"all (1)1. XI, .11) sllould be built
fro111 this bed roc]r, as ShO"'11 on PI. XII, 20 feet in thickness, as a
retaining "'a.ll for the right; end of the loose-rock: portion of the d:lln.
connecting tIle 11pper and 10\\Ter. toe ,valls. 'rhe purpose of· this ·\Ya II
is to retain the loose rock and to protect it against the attacks of
fiood~. 'rhis end ,vall ,viII be Inade of concrete, and an excessi\ye
thickness ,viII not be llecessary, because it ,viII be reenforced by 1.11p
secondary rubble-Inasol1ry ,veil' to its rig-Ilt.

A ent (sllo,vn by the crosshatching 011 PI. IX) ,viII be rnade iIlto thp
sloping rocl{ at the rigllt ablltnlent do\vn to an elevation of 40 feet
above the llatural surface of the river heel and to a \vidth of 100 feet
at the bottoln. 'rhis cut 'V.ol1ld be carrying ,vater at a depth of 30
feet ,vhen the \vater rea-cI1ed tIle ele·vation of tIle top of the higher top
',all of the dftffi, and a correspolldillg head on the large t11nnel of 70
feet ,vould then exist. This ,,;-ould probably carry allY ordinary flood
\vhieh rnight occur ill tJle river.

The effort should be Inade during tIle first ~year of construction to
cOlnplete the 1"1',"0 reta.ining \'7"~tlls fronl the bed rock to tIle surface of
the stream. During tlle second seasOIl these ,valls can be cOlupleted
and as lIlucll of the rock-fill dan1 as possible constructed. In the
third year the rock-fill daln sllould be completed and the concrete
,veil' constructed.

As the 'York on the rock-fill portioll of the da.m advances and it~

crest rises in elevation, tIle construction of the concrete ,veil' on the
right al)utment, ,yIdc]} is to act as tIle spill,Yay for tIle structure, call

be begun alld earried on ,vith the relnaining portion of the ,,~ol'k.

The t,vo faces of the central danl are to be laid IIp b~y hand in dry
,vall, and the slopes \yhiell llave beel1 accepted for tIle dani are prae
tically the l1atl1ral angles of repose, so that little tendency to slide i~

likely to exist.
In order to Jllake this structure ,vat(~r-tigllt it is proposed to COVf-.

the upper face ,vitIl an apron of concrete 5 feet ill thickness, "rhieit
,viII be connected ,vith the upper toe ,vall and tIle tV{O abutl11ents of

the danl. In this apron of concrete a continuous riveted steel platl.~

"ill be elllbeddec1 4 feet beneath the ,vater face of tIle t'dam and 1 font
fro111 tIle dry·-laid rock ,Yall. Angle irons ,,~ill1)e riveted horizontally
and vertieally on both sides for the purpose of stiffening the platt
and insllring a better connection "rith the concret,e. 1'he steel plilt(·

.I
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\\.j 11 Ina-ko the daul additional1yiInpel'vious [1;11(1 lend .strength to the
·\lnercte.
(~ates ,vill be plaeed at t11e upper portal of the flood tunnel and ,vill

I'f- operated fronl the surface of the ground. rrhe gates for the tun
(ilil \yhich is to discharge into tho irrigation conduit -"rill be operated
frotH n. to\ver (PI. XIII)

(~nal'l'Y tests ,vere Blade of the spill\vay on the left bank, and the
!"IH1k: \vas found to be of such nature that it ,,,"auld not stand the
ill'llsion of a; great fiood. It is of a voleanic, ashy c}lai'acter, porous
ill spots, light in ,veigllt, and portions of it can be readily,vhittled
with ~t knife. .il. flood approaehing 100,000 cubic feet per second
passing over this 111aterial,vouid tear it to pieces, it is believed, and
\·1'ot10 great channels. It ,voulcl be exceedingly expensive to cover
Ibis spill\vay \vith concrete so as to protect it or t.o build a series of
I'hocks tc Initigate the erosive action of the ,vater.

C)n the :cight abntluent, however, the rock. is of a Itarder nature. It
i~, to a larg3 extent, an obsidian, or pearlite, alld it is believed that it
\rill resist erGsion. rrhis bed rock on tIle right abl1tnlellt is practically
at the surface ~"~"Oln an elevat.ioll of 20 feet or luore above the bed of
the streanl. A l,Jllcrete weir of tIle section sho\vn on PI. XIV, B, \vill
he constrncted. on tllis abntnlent, the elevation of the top being 20 feet

.id\\rer than the top of t11e loose rock daIll, and of a length of approxi
lnately 650 feet. ..A.ny flood oceurring ,vill pass over this portion of
i.he darn onl.y. 1'his concrete "7eir ",viII be blliltinto the excavation'
whicll "~as' ll1ade for the flood ,vaters and cOllIlected ,vith tIle retaining
wall at the right end of the roek-fill dan1. Its sectiOJl will be SUC]l that
any flood Inay pass over it \vithout illjllring it. l'he daln ,viII be pro
teeted on its flank [LIld at its lo\\'-er toe \vith solid ,valls of concrete,
and the fit)ocls passillg over the ,veir 'Yill be discharged away frorp. the
main daTU into' the can.yon belo,v.

.i\S a further protection against an~)T cllur~ing action of the: water
which Inay occur, large blocks of riprap should be laid against the
lo,ver toe ,vall of t,lle darn to prevent the scouring of'a large cavity in
the bed of tIle canyon. at tllat point. The lower toe ,vall should be
provided ,vith ,veep holes, so that hydrostatic pressure against the
wall can be avoided. It is believed that the body of sand and gravel
het\veen the t,vo toe ,valls of the daul, ,vhich is 204 feet in Iengtll and
ill'proxiluately 400 feet in ,vidtll and \Vllich is rigidly sustained by t,vo
lllasonry retaining ,valls, ,viII be a fOlludation of a ··very· sU.bstantial
and. satisfactory character for the loose rock emballkment conlposing
the dam. .

It is a frequent practice in sinking iron caissons for bridge piers to
huild concrete upon a retained sand fOlllldation of tllis natllre. \Vhen
the foundations of the retaining \valls are lIncovered and examined,
if the bed rock sllould prove unsuited to sustain the vertical pressure
due to their weight, ,vhich 'Yill amount to a maximllID of 12 tons per

,,'
~.
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square foot, then the \valls \vill haye to be broad(jued at their b:-t~.\~.

t]10 proper \vidth to reduce the pressure to the desired liulit.
It is believ~'d that a danl could he eonst,rueted at the Buttes on "L.

plan outlined that \vould be a reliable and el'editable enginp.al'l:.,.
structur.e, but the expense \vould be great, ~-tS is sho\vn in the estiIn;l!.'

METHOD OF EXCAVATION FOR FOUNDATIONS.

'-1'he 1110st se.rious difficulty in COllllectioll \vith t~le eonstrl1ctioll (,f ?;

danl at the I3uttes \vilI be in the excavation for foundations. TL~

l)lan suggested is the sinking of a series of open caissons. rrhese wii

be put clo\vn as for bridge pier \v()rl~. T'hey \vonId be \veigh tpd (~L

top, ai.ld tIle excavation lllade probably belo\v \vater by 11leallS 'd
bU.ckets on an endless chain or SaIne slIllilar Inethod. ..i.\s the eX('a YH·

tion in tIle sand and gravel ,""ould pl~ogress, the caissons ,vould ~ill~

011 fie-count of the superiIllposed \voight, and nEnv sections \vould 1li1-~'

be fitted to the top as it \vent <1o\vn. The borings \vith the dialllo!!-,
core drill did not indicate bowlders 'of lar-go size, and it is bclieY.-d
that tllese caissons could be Pllt do\vn \vithout serious trouble. '1'11",·
attelnpt ,vould not be Blade to keep theIn pUlnpecl out until llH'.\
reaelled lJed roek, \vhen pUl1lping\vould be resorted to, the bc(l r(H'~

"\yould be eleaned and exalnined, and after everything \vas clear t h,,!
\"Quld be· filled \vith concrete.

..:\ r()\v -of these caissons, tangent to -each other, \vould be plit do\\ L

at tile 11pper faee of the upper toe \vall, and another at the lo,ver fa"~'

of the upppr toe ,vall, caeh 1'0\" being braced against the other. 'rh ...
bed rock \\'here the upper toe \vaII \vould be Pllt do\vn is at a lna\i·

DIllIn depth of 71 feet, and is better than the average bed rock \vhi.'h
intervenes bet\veen the t\VO retaining \va-lls. .L~t the lo"\ver toe \vallllw
'bed rock is la,rgely pearlite, and is at a Inaxilllunl deptll'of 122.0 fef't.

':rIle principal trouble in putting do\vn these foundations will be in
llalldling the voll-nue of ,vat.er to be encountered. Bed rock, is l1();ln'r

the surface at the upper toe than else,vhere. r-rhe ,vall ,,~ould 1iJ '
11aturally put do,vn first here, and this "\voulcl greatly relieve the vol·
nIne of ,vater to be handled at the lo\ver to.e wall. The t\VO ro\vs pf

caissons having been plaeed, the sand and gravel intervening "'ould
then be excavated. "Then the excavation is completed for the uPI).!·r
toe "\va11 bet\veen the cylinders, the concrete to constitute the \vall \vould
then be placed in soliclulass. .A sin1ilat' COl1strnction ,Yould be fo110"'''11
at tIle lo,ver toe w'all. "TitI1 the t\VO toe ,valls cOlnpleted, the ripr;l;~

,vould be placed bet\veen them and allowed· to sink to the greal\'"
depth possible into the sand.

BUILDING MATERIALS, SAND AND GRAVEL.

A drainage line enters the Gila River at a distance of about 2,(KJ
t

feet. above the dam site, \vhich carries the discharge froln au nrt·~

lying south of t,he reservoir site. rrhis drainage line for a distau('t' pi
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; 01' .1: J11iles varies in ,vic1th frol11 100 to 400 feet and is filled to an
~lilkllO'Vll deptl1 \vith a high-grade, coarse building sand, the voids
\'dllstitllting 3[i per cent of the 11lllSS. 'This sand ,vould have to be
\rashed, and ,Yonld then 1.)0 of good quality for concrete. 'rhe cCluent
flIrt he daUllnllst he shipped, probably, froll1 (Jalifornia to Ca·sa (i-rande,
.d a east for l'ail\vay transportation of $12.20 per 2,OOO-pound tOll.
The \vagon hanl frolli the railroad to the 13uttes is 40 lniles. r.rhe al110unt
(If eelnent used should, therefore; be reduced as lllnch as possible. An
,-'xHIllination ,vas Inade for lllaterials froIlI ,vhich a natural hydraulic
cen18nt could be lnade, \vitllout suceessful results. I.JiIllostolle exists
:) OJ' 4 ll1iles belo"\v the 13uttes <laIn site, but no good clay ,vas foun.d.
Fuel also ,,~ould be an expensive elelnent. Coal ,vould have to con1e
fl'01l1 N e,v ~:Iexico, if used, and wood fronl tIle n~ighborhood of the
Indiall reservation.

..A. test, as noted on page 16, was lllade to detern1ine the possibility
of luaking a silica cement· ,vitIl the Portland eelnent, 'Vllicll lnight be
hl'ongl1t in, and finely ground pearlite. By mixing one portion of
finely ground cenlellt ,vith all equal bulk of pearlite, so that no residue
\rould reluain on a 200-111e8h sieve, and adding t\VO parts of coarse
sand, not groll1ld, Inaking a lllixtui·c of one part finely ground Port
land cenlent and five parts sand and groulid silica, a tensile strength
of 80 pounds per square inell,vas obtained at the end of seven da:rs
and of aoo ponnds at tIle end of twenty-eight days. "Then the same_
e<:nnent \vas l11ixed ,vitIl sand on tIle ratio of 1 to 2, 33 per cent being
left on the 200-1uesh. sieYe, a tensile strengtll of 170 pounds per squa.re
inc.h ,,"as obtlained at tIle end of seven da,ys and of 385 pounds at the
end of t,venty-eight days. rI'he sanle pure cernent Inixed on a ratio of
1 to 3 has a tensile strength of 140 and 240 pCHIUds per square incll at
the end of seven and t\venty-eigllt days, respectivel~y. r.rll~ ground
pearlite and finely ground celnent luixed 011 tIle ratio of 1 to 7 has a
tensile strength of 185 POllllds per square illCh at the end of t,venty
eight days.

CAPACITY AND COST OF THE BUTTES RESERVOIR.

The basillof this reservoir site, ShO\V11 on PI. XV, ernbraces little
agriCllltural land, and it is estimated that $10,000 "Till cover all tIle
clalnages that ,vould be incllrred by appropriatiJlg it for reservoir pur
poses. SOUle copper prospects llave been discovered in the reservoir
~ite at a point kno\vn as tIle Dikes, but it ,,"as subseqllellt to the filing
on all of this land under tIle lTnited States laws for reservoir purposes.
No further antagonistic interests can becoille vested llere.

The capacity of the Bllttes reservoir site is 174,040 acre-feet, and
the estiulated cost of constructing this dalu is $2,643,32'7, or an aver
age cost of $15.19 per acre-foot of capacity. '1'he Buttes reservoir site
has tIle advantage of being closer to the irrigable lands than any other
of the reservoir sites considered on this river.

I
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Area a.nd CalJacity of the Buttes 1'eservofr site.

A ICapftcity, ICapacity,
rea.. section., total.

Acre-feet.
100

'550
2,050
5,180
9,8:.30

16,200
24,54:5
34:,710
~6, ~§Q
61,30;)
78;(130
97,020

119,000
144,5115
17i,24t2
204. /9:>
24i3,3H5
2Ho,Oao
38S, 740
392,600

Acres.
20
71

~29
m.t7
5aa
741
928

1,10;')
].329
1~ 5H6
1,769
2,029
2.307
2~ 74f)
3,149
3.nO',3
4,118
4,609
5,138
5,651

I
Contonrj
flowline·1

I--I
I 10 j

20
30
40
;{)
flO
'70
80
no

100

1.1.t.) I]20
130

I fAg I
I 160 II 170

~I

2,298,54;,)
Engineering and contingencies, 15 per cent .. .. __ . _. __ 344, 'is'.!

Total .. . _. .. . ... _. ... .. _... _.... _...... .. .. _ 2, 643: 327

Cost per acre-foot of water stored, $15.19.

Esti'Jnate for the Buttes dam.

Rock excavation for dam and riprap, 305,805 enbie yards~ at $1 . _.... __ .
l\Iasonry in \valls above ground, 137,032 cubic yards, at $6_ .• __ . _
Concrete tower~ 37~328 c-ubic feet, at 50 cents ..•• ~. __ .... .:. __ . _
Tower hOllse ___ __. __ .. .... _.. ____ : -. __ • __ ~ .. . . _.... . ...
8 inlets, at $500 each .... _. __ - .. . _
4 balance valves, at 81,000 each .. . - . ."__ . . _
Footbridge, 120 feet, at S10 per foot._. ._ .. _.. . ...... __ •. -----
~Iasonry below water:

Lo"\ver "raIl, ,J"i!8~800 cubic feet, at 90 cents'. . _" ... __ . _
Upper wall, 708,800 cubic feet, at 70 cents..•• _. .. _. . _.

Steel plates in face wall:
.1,152,000 pounds, at 7 cents- .. .. ._. .

Low-water tunnel, 1,000 feet, at $15 __ • . .- _
TO\\Ter for flood gate .. .. . .. .. _. 0 • _

To,ver house .... - -. - .. - - - - __ - ... - - .. - - - - - - - - - - . - - - .. - - -- . - - - .. - . - - _.. - . --
Right of way .. .. - ._. ~ -. _.. ~ - :. __ - - - __ .. - _
Upper outlet tunnel, lined, 320 feet, at $15 , . .• _. _
Bulkhead for same, 200 yards concrete, at $10 . . .. _

Woodcrib diversion dam at head of Florence canal, 500 feet, at $40 per
linear foot .. __ ...... - ~ __ . .... __ -. .... _-- . , . - - ... - - .. - - . _... _- _.. -- - - .

$305,805
822.1U2

18,66-1
750

4,000
4,000
1,200

430,920
559,160

80,640
15,000
18,604

750
10,000
4,800
2,000

20,000

c

., .... ,..~
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Ll PPIl\COT'r.] PLANS FOR DIYERSION C.ANAL• 61

..A. topographic 11lnp "'"as J11~Hle on a scale of 100 feet to the incll,
,riLh 5-foot contonrs, ~ho\\~ing possible locations of a. diversion canal
fronl the I3nttes daHl site to a point Hcar the head of the 11'10rence
(';111al, ,vIliel~l is praetieall.r at the head of tho irrigable lands to be
~llpplied fl'0111 this reservoir. r-rhis topograplly,Yas lnapped by :n'lr.
Bl'lH1fol'd ,,:rheeler, of I-Jos i\.ngeles, C~alifornia. .t\.. grade line for tIle
proposed conduit ,vas cOlnputed. J?lags '''ere then set ,vjih a \level
npon tho lO-foot contour nearest the grade £ro111 the danl through to
t.he head of the irrigable lands. ..A. transit stadia line ,,"as then rllJl
be~,veen these contour flags, transit points being set at- intervals not
to· exceed 500 feet. r-rhis transit Hue ",vas then plotted UpOIl plane
table sheets, ,vhich ,vere tak:en into tIle field, alHl the topograph~y,vas
filled ill 1))7 Ineans of th.e plane table. Instructions "Tere to keep the
aee~lracy of tIle 111ap \\7ithin tIle limit of the contour interval. The
elevation of the COTltonr flags ,vas the vertical control for the ,vork
and tIle angular tran:'3it line ,vas the horizontal.control.

tYpOll tllis topographic 111Hp the canal location has been studied.
The olltlet tunnel, on the west bank of the reservoir, is placed at an
elevation of 80 feet above the beel of the strealn, the st.orage capacity
lost: l)elo\v this elevation being inllnateriaL rI~his ,vould afford a bed
rock diversion anc1no loss by seepage. T'he capacity of the proposed
canal is 500 el1bic feet. per second. The grade of the canal being
lighter thaIl that of the river perl11its of a gaill in relative elevation
and tIle possible developlnent of po,ver. l~he prilicipal point gailled
by the COl1strllctioll of a canal as planned ,vauld be OIle of po,ver.

A drop of 18.11 feet, C011ld be obtained at station 79+80, \vhich, with
500 second-feet ill the canal, ,,,"ould develop about 800 horsepower.
If tllis horSel)O,ver eOl1ld be sold at $50 per horsepo,ver per ann·um,
it W011ld pay 5 per eeilt 011 a capital of $800,000. In a settleu1ent such
as ,vauld be built, up upon the irrigatioll of 100,000 acres of land this
po"ier llligllt be sold. ,\'"11e1l the thue arrives· that ,,,"ould make the
power of sufficient value to justify' the eonstruutioll of tIle canal, it
lllay then be built. Prior to that tillle the ""vater froll1 tIle outlet tun
nels can be discharged illtO the bed of the Gila River alld diverted at the
presellt head of the Florence canal, ,vhere projecting ledges of rock are
suitable for tllat p·~urpose. ~rlle cost of the cOltstructioll of this canal,
therefore, should not, be an elen1ellt ill estiulating the cost of the
Buttes clanl. The ,vater fronl either the R,iverside or San Carlos reser
voirs, 'VIlicl1 ,vould be discharged directly illto tIle Gila lliver, would
necessa.ril~ybe diverted for irrigation purposeH' at tIle Ilead of the Flor
ence canal, ,vllich is tIle point ,vhere ,vater from ~he Bllttes reservoir.
site could also equally ,veIl be diverted.
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Cost of the Butte.s canal.

15,510 lineal feet of lined canal, in rock, at $8.80 per lineal foot - , - - - - _- - $136,488
400 lineal feet of lined canal, in loose rock, at $6.73 per lineal foot _

5,120 lineal feet of earthen canal, 57 cubic yards excavation, per lineal
foot, at 30 cents per cubic yard, $1.71 per lineal foot. __ .. _ . _

580 lineal feet of Iined tunnel, at $10.65 per lineal foot . _ ._
610 lineal feet of eal'then canal, lined, at 87. H4 per lineal foot ~_

1,960 lineal feet- of flume and trestle, at an average cos't of $17 per lineal
foot __.__ . " .. _........ _.... _.. __ . _... _.......... _.. _......... __

62

24, 180 lineal feet of conduit ~ . .. _.. __ .. _. _.. _•• _ __ .. _. __ ~ _ 192,275
Engineering and con~ingencies_ _ _ .. 28, 840

Total __ . __ .. _ __ _ _ _ .;.. .. 221, 115
. 4.59 miles, or about 848,000 per mile.

EXPLOR-t\.TION A.T TI-IE DII{ES.

FOllr miles above the Butt.es dan1 site, on the (lila River, a dike of
volcanic rock, apparently of more recent geological origin than t.he
remainder" of the country, crosse,s the strean1. After ,·the depth to bed
rock at tIle Bllttes ,vas deterluined to be disappointingly great, it 'ya~

thougllt possible th.at the depths might be less at the Dikes. A te~t

was tllerefore lnacle to deterluine this. Pipe ,vas driven to a depth of
96 feet and 3 inches in the center of the canyon without reaching bed
rock. As the ,vidth of tIle canyon at tllis point is 459 feet bet\vo(lIt
the rock croppings at the two sides of the canyon, and as the bettl.· r
portion of the Buttes reservoir si te ill tIle ,yay of capacit/y lies bet\veci n
the Buttes and tIle Dikes, this depth to bed rock is considerecl. as ha.v-

: · ing condemned that location for the construction of a dam.

"" RIVERSIDE RESERVOIR.

':rIle Riverside reservoir site is located on the Gila River, in Pinal
County, Arizona, bet\veeJ} theJl1ol1tll of the San I~edro'and a point OIH'~

half mile belo\v tlle 1110uth of ~lilleral Creek and 12 llliles above th ..
Buttes (PI. XVIII.) 'rhe dam site is in a canyon one-half luDe below
the moutll of 1\Iineral Creek. A vie,v of tllis CH:llyon, looking dowll
strealn, is 8ho\Y11 on PI. X\TII, A.

The ,vatei· Sllpply at this POillt ,viII be practically the Rame as th;\t
at the Buttes. ~rhere are 110 strealllS or drainage lines of consequell<' .

\ entering the river bet\voen the Buttes clanl site ~lJnd the danl s-itl~ \it
the Riverside reservoir. rrhe discussion of the "rater supply in till"
pre'vious pages of this report ,viII apply equally to the l~iversi(le n"
ervoir site and the B'uttes.

TIle beel of tIle cauyoll between the projecting ledges at the i W~l

al)u.tments is 350 feet in ,viclth. .LL\. benell mark is located on the ri"~"d~:

ban]r., 20 feet above the bed of the strearn. It is a bronze tablet, ~(\1 11,

the rock, suell as is u_sed. to designate elevations by the (j-colo,!.!-;;""·

Survey. It is considered 100 feet above the datum plane Qf the d;.1,;

and reservoir Sllr,reys.



U. S. GEOLOGICAL SURvEY WATER-SU PPLY PAPER ~O. 33 PL. XVI~

(), 1~;
4. ,~,l.:

w.1

1~.1:2. :.: ;~)
~S.1"'10

221,11j

a dikp of
l than t lHo
pt h to b(·d
('(l t, it ,ra~

s. j\'tp:-,t

a d(~.pth of

leTting' hed
-t he1"\\·l'.'ll

the bett.·r
~s het,vcf'U
(1(1. (l"5 hav-

\ in l>inal
poi II t OllP,·

a hove t h.
Inile l~·lo\\'

ing dO\\'I1"

!n(~ as that
,n~e(lnellt'(~

Ianl :-;it.· of
>ply in t hf~

'erside rt·~·

at 11H\ t VtO

In the' rig-Itt
blet~ ~(it iu
(~('ologi('~~i

oi the thun

..-------------------------------------

A. RIVERSIDE DAM SiTE, LOOKING DOWNSTREAM,

B. RIVERSIDE RESERVOIR SITE.

/

i.



:I'Pl~COTT.] TtI\:'"EllSIDE I{,ESERVOIR. 63

This elevation of 100 feet is equivalent to 1,768.30 feet above sea
,\,('1. rrhe roek at, this location is a gran:ite, ",veIl Slllted for build
:i.~ pllrposes. 1'he topographic-. surve~y of the dalll site ,vas l1lade by
;l'l'(ll'd 1-1. l\Iatt,hes, assistant, hydl'ogrftpller, lTnited States (-}eologieal
'l1rvey, in 18D9, 011 a scale of 100 feet to the inch, alld ,vit]l a contour
'i1erval of 10 feet. A daHl lIas been projeeted llpon tllis nlap as a
«sis for an. estilnat.e for this rep~n't at the P01llt ,vhere bed rock ,vas
;f·terlllined b}T the dialllolld core drill. 1'he lleigllt of the danl above
he bed of the streaUl as estiJnatecl is 133 feet; the nlaxinlum depth
II bed rock is 78 feet, or a. totallleigllt of structllre of 211 feet. I-Jarge
,·(lges of roclts are available for construction purposes at an elevation
!hove the daul on either side of the canyon.
'fhe accoulpanyillg luap (PI. XVI) SIIO\VS by means of contollrs tIle

xalls of the callyoll and also the location of the dalll described above.
rItis has beell l)repared from the detailed 11lap lllade by :ftlr. J\rlatthes,
'he 20-foot contonr lines only being given. TIle dotted lines in the
·.'enter of the 11lap indicate the deptll to bed roclr as shown by the
·ll'illlloles. The point Inarked "B. 1\1. 100" on the map is at an alti
;ude of 1,763.3 feet, above sea level. 'rhe surface elevation of the bed
:if the streanl iUlluediatelyabove tIle proposed dam is 76.8 feet, and
:mmediately bel.ow, 76.1 feet. l?i, e borings to bed rock '\Tere made
-dong tlle upper face of the dam and six along the lo,ver side, the posi-

j Lion of these being sho\vn on PI. Xly,C.
t

PROPOSED DAM AT RIVERSIDE.

'rhe danl at this point s]lould be an overflo\v weir, as the topography
is not suited to t.he artificial constrllctioll of spill,vays on either side.
The bed rock developed by the borillgs is a heavy granite, suited to
irithstand an:y pressure tIlat Inay be' put llpon it by a dam.· ~'he

lluality of the building nlaterial, the topography, c0111pelling an over~

no\v,veir, and the substalltial character of the l)ed rock, deterlnine a
!liasonr~y strnctllre as tIle best suited for this site. rrhe section of dam
proposed for SaIl Carlos (PI. XXII); described in detail under the dis
(IUSSiOll of t.}lat reservoir site, is the one selected as the basis of the
f~stinlate for tIle Riverside reservoir.

Eleven holes were put dO\VIl \vitIl the dianlond drills, tlleir position
being sllo,vn on PI. Xlv"r, C, at the point selected for the da.nl, and
t~ores of bed rock were obtained. rrhese borings are distributed
;teross the canJTon on t,vo lines 150 feet apart, tIle holes in each ro\v
being between 50 and 60 "feet distant frolll one allother. ~he specific
:.;ravity of tIle rock is 2.51 and its ,veight per cubic foot is 157 pounds.
Its strength to resist pressure was beyond the limit of the etesting
Blaclline used, 2,555 pounds, which is equi,ralellt to 184 tons per
(~·ubic foot. This guarantees it to be strong enougll for the purpose
r·equired. The following table gives the log of the holes at this dam
~ite. T\vo additional holes ,,,ere put do,vn 380 feet above the accepted

IR~ 33--6 '
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~ dam site, in order to det~tiH~~~~.e:;:'~,hetherbed Tock ,vas nearer the su r,o
face at this point. Ori~(~~ tt~~~·3,vent do\vn to all elevatioll of G f~,,~,!

above the datum plane, or '76 feet in depth, and the other to an {'ii'.

vation of 11 feet, or a deptll of 68 feet. Bed rock ,vas not eneo\J r~.

tered at eitller one of these points, and as the canyon is \vider lt~ot'i"

than belo\v, it is evidently inferior to the site ",-here the pl'iIl(.'i I~.\

borings ,vere made. Hence no alternative selection ,vas atteulVi l 'l

Log of holes at Riverside da1n site.

I
IQuality of rock.R !Depth; I

L · 'Hole Depth to: drilled I t~levaf- I
Ine. No. bed rock. I in bed lbed~~~k

rock. I •

_______1 _

Feet. I Feet. }f~eet.
A.___ 1 74.0 1. 33 1~ 667,3 . Hard driving.
A. _... 2 72. 5 5.00 I 1, ~)~. 7 IHard driving at 50 feet; bowlders,
A____ 3 2,.00 1 ~1:.'OO 1~ ,1.).1
A____ 4 32.75 4.25 1, 71i3.i3 -
A _-.. 5 16. 00 I .661 1' 734. 1 .
B ._._ 1 48.00+ 2.00 ._. Bed rock doubtful.
B __ ._ 2 44.3B+ .• ~ _. •• No (Jed rock: .b?w"lders
B 3 ill. 00+, __ . , • ._ verY.hard drIVIng; no hed rock.
B_•• _ 4 7a.50+ __ .• Do.
C 1 2J.00 I 2.00 I 1. 71H. 9' Grayel and sand.
C- __ . 2 49.00 I ROO I 1;6\)0.4 Bowlder.
C--_. 3 6n.OO I 3.2511,670.7 Bowlders.
C 4 6-1.33 I 5.16 i 1,673.7 Do.
C---. 5 65,OO+I-.---·----l--- .. -.~--· B~l\ff~ck doubtful; possible edge of

C ._.. 6 27.00 I 2.2.5 1 1,729.0
C .-__ 1 63.00 I 10,75 _ 1,682.9

'-----:.-_-----_._------,
NOTE.-Add 1,6&3.3 to elevation on contour maps for sea datum.

!.

METHOD OF CONSTRUCTION.

As the quarries fronl ,vhich tIle l11aterial for the clanl Dlay be obta ini'cj
call be properly located approxilnately OIl the axis of the stl'Uetll!'I'.
cableways coulcl probably be· best nSf~d for plltting the rock~ in l'i~lt.T,

The metllod of excavating to bed rock at this point l1light be that 1'1"1.'

olnnlenc1ec1 at the Buttes, although it is possible that further ill \'C~:!
gation lllay cleterulille that sLmpler Inethods of excavation ,vill b~

sufficient. Sand suitable for COlic-rete ,vorl~ lnfty he found in lar-:.:;·
be9,s throughout tIle eanyon. .L~long tIle ,vagoll road fron1 the l~i \'1')

side stage station to Globe large ledges of quartzite occur. J\Iass('~~ i li

this lllaterial have rolled do\vn' the drainage line practieally to {; i
l~ivBr and at distances llot exceeding 4 I11iles fronl the daIn site. rrl;;
quartzite ,yh,~n ground is suited for Jnixing ,vitIl finely groulltl I)j
land cenlent f01~ Inaking silica CenlGIlt. "'fhis "\vould cheapen 1JH' (',
of cenlellt for tIle construetion of a daln. "'rhe railroad station to \\!I

Inaterial for tIle danl ,vili.be shipped is CasH, Grande. l~lle fl'ei~!'l: t

cement fronl Los l\Tlgeles to (;asa (j.rande is $1.2.20 per ton, 01' ~.:.:. ~.

per barrel. '-rhere \voulcl thell be a \vagon haul of 50 Iniles over r~i 1

good roads froIn Casa Grande to the danl site. '1~his haul \vollld
approxiulately 81.35 per barrel. "lith ceUlent at $2.85 per baIT~'1 ..
Los Angeles, the cost deli.vel~ec1at. the darn ,vould be ,:~G. 52. .1.\. aa tll

feet ill lleight across tIle beel of the strealn, as deseribed above,wl

reqllire 18G,147 cubic yardt; of Inasoury.

....
~~~~~~~t~~~7"IIlII'~~~~f'~i!!~~~~~~lf.\!~~ ..~'.,~~~~~
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CAPACITY A!'~D COST OF RIVf~RSIDE RESERVOIR.

rrhe Jliverside reservoir site ,vas surveyed by (ierard II. l\latthes,
;l~:,istant hydrographer, LT. S. li-eologieal Snrve:y, and 111apped on a
.... (';lle of 1,000 feet to 1 illCh, with. C011tenr interv~11s of 10 and 20 feet,
!','aehing an elevatioll of 214 feet above the bed of the s'trealll a,t the
lLlln site, \vhich is the 290-foot contonr of the reservoir survey_ "Titll a
h(light of danl of 133 ft~et, or to the 210-foot COlltour, the lCllgtll of the
l'c'scrvoir ,vonld be approxilnately 14 n1iles, and to tIle 230-foot. COlltour,
\11' a height of dam of 153 feet, approxilnatel:y l5t miles. rrhe width
raries at different points £roIn !t, llalf luile to a 1u11e. 'rhe principal
hreadth is froll1 3 to 6 nliles above the Riverside stage station. .l\.. daJu
1::10 feet in heig'ht to the spill,vay at the 13uttes '"auld store 20(),OOO
aere-feet. .1\ daul 138 feet in height at Itivel'side '\yi11 ilnpou.llfl 2~1,134
aere-feet, \vlriell iR ahnost, double t.he eapaeity of tl1e Buttes reservoir
sitle. ..A. danl 130 feet hig]l to the spill\vay at San Ca.rlos ,viII illlpound
~'f:1,396 acre-feet, ,vhich is the best of the three for this size of dam.
\rith a danl 150 feet higll to tllC spill,vay at, tIle .liuttes, \vlliell is tIle
hEdght UpOll ,,,hieh. tIle estinlate is based, 174,040 aere-feet WOllld be
iJnpounded. r\. daln at Riverside of a height of 153 feet ,voulcl impoulld
B4:4,398 aere-feet, y\ hie}l is dOllble the capacity of the Bllttes, and a
silnilar danl of 150 feet at, San Carlos ,vonld impound 377,176 acre-feet.

The Riverside reservoir site is situa.ted in a Inineral district. Cop
per is found in la}~ge qUUlltities ill t,his neighborhood, and in August,

- 189H, there ,vere 29 copper claiJns that WOllld be'v'holly or in part
flooded ill case a danl 150 feet in height should be built. Tllese claiuls
ar(~ 110ti being worked conllnercial1y, but are at present" prospects."
\Vith a railroad bllilt. to tllis Inine;ral fi~ld, it is quite likely tllat a
nllluber of these claiuls COllld be ,vorked at a. profit. The Ray TIline,
whicll is being actively ,vorked, is a'short distaIlce' above the reser
voir site 0]1 l\Iineral Creek. 1'he owners are lnaking an effort for tlH3
eOl1strilction of a railroad to the 111i-nes. It ,vonld be 11ndesirable to
interfere ,'lith lnining operations, ,vhicll lllight develop valuable prop
CIties if il1terferellce could be avoided. The condellrna,tion of rigllt
of \vay ,vollld be one of the greatest expenses in cOllnection with the
ntilization of this reservoir site for storage pllrposes. It is probable
that it 'VOllld cost $;200,000 "iithout court expenses, ,yl~icll'wouldeasily
H1UOllllt to $50,000 lllore. There are under cultivation at present in
the reservoir sit.e 332 aeres of lalld~ These fields are irrigated by a
~nlall ditch. There is held in private ownersllip in the reservoir site
1,800 acres. This lal1d ,vould probably cost. $20 an acre to condelnn,
or a totlal of $36,000.

J: ..
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CalJacity oflJrOposed Riversidel'eserrvoir.

3
13
33
53
73
93

113
133
153

Feet.

80
90

110
130
150
170
190
210
230

Contour' I~~g:~o~~ I Area. I Capac!ty of !'I Total. capac· II
flow hue. bed of sectIon. Ity.

stream. I I
Acres. Acre-feet. I Acrefeet. I

---------- ... ---. ' 1

28 196 I 196
197 2,252 2,447 I·
600 7,972 I 10,419

1,311 18,005 I 28,424
2,316 36,270 I 64;694
3,967 62,832 I 127,526
5,395 ~93,607 II 221,134
6,924 123,174 3L14,308

344,308 ! I
NOTE.-Elevations based on datum. of dam survey; 100 feet == 1,763.30 sea datulll.

Estirnate of cost of Riverside dcon.

~Iasonry (half large rock and half concrete), 186,1.47 cubic yards, at
$4.10 per barrel for sand C8Inent, or 83.74 per cubic yard for cement
(see Duryee's report)~ at 8;).50 per cubicyard . -- . $1,02g.~.:I:ll

Excavating for foundations, 90,740 cubic yards .. .. 4GO.o,,.1
To\vers and houses - - .. - _- - - - _. _- - - - _- - _- - - - __ - _- _,... _____ 12. lji ~ j

Valves . ~ . __ - __ - - .... - - - - - _- - - - .. - - - _.!' - - - - - - - • - - - - - - - _ - - g. ;)I!'!
Footbridges . _.. .. •.. H.(H~d

Wooden crib diversion dam at head of irrigation canal_ ._- - ___________ 20. t~.!' I

Total. __ .; .. .. ' - - .. ,;, _- ... . .. ______ _ _
Contingencies, 10 per cent. .. .. __ $151~531

Engineering, 5 per cent_. __ ~ .... -- 10 • 75,'765

1,515, ;31(1

, I

Total constrnction cost . .. ~ . . .. _.. __ .. __ 1, 7,12. ~~ii·~

Damage and condelunation proceedings _.... __ . , _.. __ . __ .. _.. __ . .. __ 230, (h ~ j

1, 9n:!. (~i -)

Total number of acre-feet stored is 221,134, at a rate per acre, stored, of sn.ot.

S-i\.N C-L\.}{,LOS I~ESE]:{VOIR,.

San C'arlos reservoir site is loeated 011 Gila l~iver, 011 the ,rllltl'

l\1onntaiu Indian J1eserva,t.ion, at the San (;ar108 ..A.geney, in (;iLI
County, .....L\.rizona, at a point ,vhere San Carlos I{iver joins the (;il:~

'rI10 Gila. yTalley, Globe and Northern Rail\vay, ,vllich leaves th,·
11lHin line of the Southern Pacifie. at 130"vie Statioll and rHUS to 11:,

to,vn of (-ilobe, passes across tllis reservoir site. 'fhe (i-ila I{.iver at. 1h.-,
point traverses SOUle spurs of the l~inal range of 1l1onntaillS, nIHl- CPt.1

distaneo of 31.6. tuiles belfnv the danl site the river fio·w·s in a 1l:tITp\

box canyon. 1~his eanyon extends to Dudloyville, ,v·hich. point 'i:-, rJ.·
.upper end of tIle lliverside reservoir site. 'rhe river then pa~"'~'-'

tlu..ough the .RiYel'side reserv.oir site for a distance of 15.5 rniles. a (; 1-:

\vbicll it again enters a eanyoll, \vhicll is tIle upper end of the .But;, '"

reservoir site. 'rhis latter eanyon extpnds to tlhe I)ikes, \vhieh i ... ~

lniles above the Buttes danl site. '1'ho total leng't,h of river froIH :". "

Carlos danl site to tIle 13nttes danl site is apl;roxiInate.ly GO III i It''''
abol1t 40 Iniles of this distance being box~eanyon, and the l\qllain i L":
portion being" alley lall<:1~ of front 1 to ;3 luiles ill "\vidth.. "
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~ix lniles bcl0'.v the San (jarlos J\.gency, "\yhere the river elltcrs the '
hox canyon and appl'OXilnately a, half lnile 1.)e10,,· the beginning of t.he
box, is a point '\1ltere th(~ ea,nyon is about! ~)O feet °w'ide at the ,vater line
:lll<l ,vhere its ,valls rise YCl'y abruptly dil'eetly frou1 the river. PI.
XIX 8ho'V8 a vicnv of llhe daHl site lookjIlg upstreanl. '1110 danl ,viII
lIe located at the point ,vhere the ,vall of the canyon is sho,vn to be
Illost abrupt. 1)1. XX sho\ys the d~l:ln site as ~nrYeyed, ,vitI1 a contour
interval of 10 feet. T'he dotted contours sho,,," bed roc]c as indicated
hy the borings. ,i\.t a point apPl'oxinlately 100 feet) above the upper
face of the location selected for tIle daln tllere has apparen Lly beell a
fault in the rock of the eanyon. If the dam ,vere loea.ted above this
fault, tllere '\Tonld he the possibility of a leak occ.urring beti,veeil the
~trata and of ,vater passing throngh the fault to the ehal1uel of the
river belo,v the danl. If the cla,m is built ,vhere located, this ,viII be
obviated.

'l'he narro\vest portion of the canyoll is e'lpp1'oxilnately 400 feet in
lengtl1, and inllllediately belo\y this l1arro,v point it ,yicIens out to 300
feet at tho lo\v-\vater line. 'rhis adnljts of a spill,vay provision as
sho,vn ill tIle plan of tIle darn (PI. XX) alld described in t;he account
of the danl proper. "'rhe daIll is loeated a.t the point ShO\V11 ill the
plan, therefore, ill order to ohtaLn better spill,vay advantage, to secure
hetter foundations and abntlnen.ts, (ind to avoid the leakage through
!he strata above the line of fault.

.'rIle qnestion of\vater snpply available at San C'arlosllas heell flIlly
tl'cated ill ]}recec1ing pages of this report in t.Ile discussioll of f;upply
a.vaiJable at the I~uttes and at San (;a1'l08, to ,vhieho reference is ulade.
The supply is alnple to fill the reservoir ,vitIl a daln 130 feet in heigllt
to the spIIl,vay, as planned. '"rhe t.able on the follo,v"ing page 8ho,,'s
the anlounts prolJably available at the San (;arlos reservoir for eaell
nloilth. III this table the inflo,v, conslunption, and evaporntion are
treated in tIle sanIe lllanner as ill the table on pa.ge 33, 1111der the dis
(~nSSiOl1 of ,vater 8u.pply for the Bllttes reservoir site. It has been
(leterlllined tl1at the dif:ferene(~ bet,yeell the allloullt of O\\Tater available
for storage at San (:arlos and the Buttes ,vas 10 per cellt, and tllis
deduction of 10 per cent has 1)ee11 made in all estinlates for tIle s-q.pply
at San Carlos as Ineasured at the Buttes.

1'he \vater\vhicll is released fronl the San Carlos reservoir site will
pass throll.gll approxinlately 40 1uiles of box. eanyon 0]1 its ,vay to the
il'l'igable lallds ,vhere it is to be used. COluparative llleasllreluents
made at the Buttes a.nd San Ca,rlos dnril1g tIle dry season of the ~year,

Whell less thall 10 second-feet of ,vater ,vas fio\ving in the river at San
Carlos, indicate practically an equal anlount of ,vater at San Carlos
and the Bllttes. There undoubtedly is a Sllbstantial loss frOlll evap
fJration bet\veen these points, but this loss is compensated for by the
seepage ,vater ,vhieI1 returns fronl the Riverside \Tal1ey alld from the
ralley above the Bllttes dam site. In tIle case of the Riverside Val
l(~y a fe"r second-feet of \va/ter is used for irrigation, and tIle return
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froin this irrigation angnlcnt.s the strerun. 111 bot11 v·alleys, ho,,"eypr.
the high. stages of t.hl' river lll1<1oubtedly cha.rge the sand hal'S and
gravel beds \"ith ,vater, and these are gradnally drained oir during
the lO"~Ner stages of the strealll alld, as has ·been stated, give pl'aet i~

cally a.n equal <L1110unt of ,vater at Ran (Jarlos and the Buttes.
']]1e San Pedro and ·the other drainage lines entering the Gila abo\'tl

the Bl1ttes and belc)\v San CaTlos"'"ill contribute their portion to th is
strealn, unregulated by·n: reservoir l)uilt at San Carlos. ~ehis \yate}'

. call be used for irrigation a.round I~~lorenee if diverted belo\v. If thi~

·volume of\vater and the return \vater fron1 seepage js added to thll

\vater \vhie11 is diseharged for irrigation frolll the San ()arlos resol'Yoir
site, it is probable that there ,viII be ava.ilable for irriga.tion at the
point of diversion as rlll1ch ,vater as \vould be .discharged from the San
Carlos reservoir site.

If tIle Giln River fronl tIle San. Carlos d~tlil site to the Buttes danl
site is 60 llliles in lengtll and 200 feet in \vidth, it ,viII expose to evap
oration a ,vater area, of 1,45 Ll acres. rrhe deptll of evaporation pel"
allnlllll has been previously doterlnined as HI inches, or 7.58 feet.
"Titll an area of 1,45-:1 acres alld a depth of evaporation of 7.58 feet
tllere ,viII he lost frollT this body of ,vater 11,021 acre-feet. This ,Yould
be 4. () per cent of the total capacity of the San Carlos reservoir site,
and, in order to luake an allo,vHnce for all possible loss, 5 per cent of
the \vater discha.rged froDl Sclll Carlos js assulned as being lost for irri
gatioll l)clo\v t·he Buttes. .1'he l.~iverside ,ralley and the valley aboYe
the Buttes are both largely public dOJJli·Lin, alld there js no reason ,vhy
the ,vater f1'o111 tlle San Carlos reservoir sllonld not be u~ed for irriga
tion pl1rposes a.t tllese points, as\vell as belo\v Florenee. This being
the case, there ,viII be bllt a sligl~t disadvantage in storing ,vater at San
Carlos. ..A.. loss of ;) per cent ill transinission is accepted in the follo'v
ing table and added to the aIllount to be liberated from the reservoir:

Esthnated a'tn01.Lnt of 'water available from Sa·n Carlos 1~eservoir.

[Capacity of reservoir is 2-H 18H() acre-feet; 100,000 feet assumed to be in reservoir Novernber 1.1
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Acre-ft. IPer ct. Acre-ft IAcre-it Acre-ft Feet. IAc}·e.~.I.Ac1·e-ftAcre-ft !Acre·ft.
November 3"2,842 I 2 'I 4,028 211 5,odn I O.4~ 13.650 I 1,G3.3 6,r,02I' 12H,240
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II 27·,802. .83 i 4,950 4,10H 31,991. 182,S:J8 I

October_ .... __ 74,8001_~ 19,312,_00620,278
1
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Tota1..... 422,1840 I 100 /241,396 i 12,070 1253,4661 7.58 1·~····_134,211 287, 47713
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i.1 PPI ~COTT.J SAN CA.R,LOS I~ESERVOIR. 69

rrhere is still a.n alllollnt ava.ilable for irrigat.ion belo\y the Buttes,
1\11 the basis of the above tahle, for a luean year, equal eaeh year to
lhe full capacity of the San (;arlos reservoir, of ~41,3D() aere-feet, \vith
;t lnininlulll reserve in reseryoir of 113,5G7 acre-feet, and 234,507 acre
r('(~t on N oven1ber J., for nse d nring the follo,ving seasoll~ TIle dis
{'harge of the Gila. River dllring lS~1D was less thaIl during any other
rear of ,vhiell 'vo have re@Ol'd. rrhe fol1o,,"ing table denlonstrates
~hat 241,3HG acre-feet of ,vater could have been delivered beio,v the
Buttes fronl San (;arlos fr0111 N ovenlber 1, 18£18, to October 31, 1899,
with a, Inininll1111 reserve in the reservoir during that period of ,12,269
acre-feet and 9G~088 acre-feet in reservoir ,vith ,vhich to begin the
~eason of 1899-1fJOO:

Estin'iated (onount of ~vate1" available froTn Sar/., C!arlos reservoir dU1~'i1"J,g 1898-,99.

[Capacity of reservoir, 241, 396 acre-feet; 100,000 acre-feet assumed to be in reservoir November 1,
1~98.J
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1898. )' feet. I cent. I feet. I feet. jet?t. .LTl'eet. IAcres·l feet. I feet. feet.
November __ -, ~, ~S)9 ~ 2 I 4, ~~~! 74:1 I ~. C~~9 I 0.42,) I a. '!~ I 1, 4f~~ ~, ?~2 98.887 J

December i 16,0;8 I 21 -i.tits I 241 1 0, 009 1 .33b 1 3,560 1,1~<> 6,2.':>4: 109,511
I I I i I •

Jan~~~~ •.. 1 17,55.5 I 21 4, 828 1 241 I 5.0691 .2;") ! 3,710 ! ~~ 5.997 121,069
February ----I 11. 946 I 2 1~.~;1, ~O! 11~.Q75 i .?-):3 i 3.~OO I' 1,~):~ 13,~07 11~,!98
l\Iar~h 1' ,,1~4 i I . ~o,~~~~ ': 8~;~: ~~.~431 ·~9 1 3.!)OO I l.~~~), ~9'2;!3 If.K!, /Og
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June____ __ :!7() 141' :):), nrs! 1, tinO I 33.48;) i .9Z I 1. olO 1,181 I 3(),oG6 12.269 I
July ._____ 6..1).754 I 13 31. 381 1 1,5U9: a~,g5l) i 1.00 : 1.570 I' 1.570 ~ 34,520 43,508
August 1 aZ-l,8t'4 I 13 3L381 'I 1,5U9! 3Z.~;)0 11.0;'; 12.(150 2.214 I 35,16i I 33.223
Deptf"lllber __ -j' 3U.2GO j 1] 1 2H, ;);)4 1, az.s i ;27. 88~~ II . SH I 2.0()() i 1, GOO I 2(l, 542 1 42, 941 II

OctolJer I_b_74_,SOO !__8_~! lU,:31=-!__W_'6_1_2o_,278 I .50 ! 2,75~1_1,_3;3121:_653_' ,_96_',_08_8_

T t 1 '2f !Q ')-') I 100 i') f1 ~lr 112 070 l.)~~ 4i
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a :Measured discharge of Gila Basin at San Carlos.
b Estimated mean discharge, in acre-feet, of Gila Basin above San Carlos for month of October,

18U9.

PROPOSED DAM AT SAN CARLOS.

In deterlnining the heigllt of da.Ul to be constructe~at the San Carlos.
'hun site t,vo elements are to be COllsiderecl. First., the anlount of
water available; secolld, tIle alnoullt of expenditure ,vhich can be
eeononlically Inade. Fron) it study of the ,vater supply', sho\\rn on
page 29, a dam 130 feet in lleigllt, storing 241,396 acre-feet, is justified.
The )"'ear of lo,vest run-off of 'Vllicll,ve have a record is 1899. The
discharge of the river for this }Tear at San. Ca.rlos ,vas measured llntil
the 1st of October, and a Inonthl~y discharge for Octol)cr, N ovem ber,
and Decembe~", as determined, has been added to cOlllplete the year.
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·70 STOll.AGE OF 'VATER ON GILA RIYER, ..A.RIZQXA.

1'hi~ shcnvs a surplus for the year] 8DD above the capa,city of the reser.
yoir of 7G,879 acre-feet.. r1'Ile Jllean surplus above the citpacity of t h(~
reservoir at. San (Jarlosis estilIlatecl at, 180;788 aere-feet. ~rhe Inaxilnulll
heigllt of the central portion of the danl above the bed of the strealll
IS taken a.t 142 feet, alid the lllaxilllulll depth to bed roek belo,,~ 1,h(&
snrface of the streH-lIl a.t, 74 feet. 1'his vvonld giv(~ a totallnaxilnlllll
height of the central portion of the d~U)l :ofranl b(~cl rock at 216 f(&pL
..c\.n increase of this llCight is considered nnnecessar.y and as adding'
too much to the expense of the strncture. '"rlie table all page G9 is
believed to jnsti(y a danl of this size.

'1'he SaIl Carlos reservoir site \vas tIle last that was discovered U POll
the Gila Ri\Ter, and conseqnently tIle last point at ,vhich illvestig.ation
for bed rock ",~as Iuade. l\..fter the cOlnpletiolJ. of the borings at
Queen (;reel{, the }3uttes, and Riverside, the drilling Olltfit, ill chargo
of 1\lr. J>atrick Tierney, ,vas sent by ,vagon fronl Riverside to San
(~arlos. '"rhis arrived at SaIl Carlos in the latter part of June, I8Dn,
and "'ark: ,vas inl1nediately b~gun at tIle danl site. '111e first flood on
tJle Gila R,iver ill the Slllllllier of 1899 occurred on July 16 and "~as

about 10~OOO cubic feet per second in "VOluIne. This kllocked over
tIle drilling apparatns. It ,vas restored to position, and frequent
other illtprrupting floods occui~red at intervals of t,vo or three days
dllring the remainillg portioll of July. '"rhe fl.lnds available for ear·
rying all the 'York having beeolne llearly exhausted, and the riYe~'

continlling "its flo()(l diseharges, it ,vas liot 'considered pra.cticable to
eontillue the investjgatioll for bed rock during the present seaSOll.

'r,vo 1101e8 ,vere put do,v]} approximately on the lo,,,er toe of the daln.
No.1 ,yas 33 feet t,o the right of bench 111ark No.4, 'Yhich is located on
the left abl1tlueIlt, and"No. 2 ,vas 66 feet fronl the left,iabutment and
approxirnately 30 feet frolll the right abutnlent. "rhe deptll to bed
rock at hole No.1 ,vas 23 feet.. 'rhe bed rock encountered is a very
fine-grained alld fiin ty lilllestone. I t ,vas so hard that only 2 feet n
inches a day' could be drilled into it ,vith tIle diamond drills, ,vhich is
about one-fourth the rate of progress in ordinary granite. The depth
drilled into bed rock at this point ,vas 12.5 feet.

I10le No.2 deterluined tIle deptIl to bed rock to be 74 feet. Gravel
,vas encountered at 72 feet. rrhe rock at this 11o1e is a bIl.le lilne
stone and is nlore easily drilled thall the rock in hole No.1. 'rile
total dept]l t,o the bottonl of this hole ,vas B1.82 feet, tlle depth drille(l
into bed rock being 7.82 feet. A thirc1Ilole was put do\vn in the center
of the bed of the canY-0Il 60 feet froln tl1e left abutulent and 100 feet
above line No.1. A 2-incll pipe ,vas driven to ~1 deptll of 56 feet and
2 illches, ,vhen it ,\;as found to be bent 2 feet from tIle bottom. 'rbe
pipe ,vas tl1en pulled up and 2-§--incll pipe driven to a. deptll of 51 feet
in tIle same hole. No flIrther progress could be lnade on account of
the higll,vater, and tllis h~le ,yas abandoned and all ,vork stopped on
JuljY 31, 1899.
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IlPPINCOTT.1 SAN CARLOS l)AM. ,71

'fhe iuformation concerning bed rock is lneager, but it is COllsidered
(;til' to estilnate the 11laxilllUlll depth of bed rock: at 74 feet. "rhe l)ed
l't)ek itself is a. very close-grained bard lilllcstone and all that eould
tH I desired for foundation purposes. ]~he· location of the borings at
~an Carlos darn site is sho,vn on PI. XX.

MA'rERIAL FOR DAM.

I~l. X'Xv""', B, sho\ys a vie\v of the left abutnlent of the da'ID. The
~I rata dip dO\'{llstl'Calll. It \vonld be bet,ter if the dip \vere upstreanl,
as there \vou1<1 be less danger of leakage benea.tll tlhe foundatioll of the
daul. ~r.he Ihnestone, 110\,TeVer, is exceedingly delise, not easily eroded,
illld, as 'Yill be seen on tlle right-hand side of tl1e illustration, \vhere
a slide has oceurred, the rock a fe,,! feet. benea.th the surface is rela
tively free frorn seruus. '"rhe abutlllent on the right is of lllU,ch the
S~llne llature as the abutment on the left. .

The rock for the construction of the dam will be obtained near the
top of the t,vo abutnlents. It ,viII be excavated in SUCll lllanner as to
[orIn a channel for the flood "raters to discharge over tIle t\VO '\veirs,
whicll are loeated at the t\VO ends of the danl. Sufficient rock ,viII be
taken frOID tlH~se t\yO nhanllels, as sllo,vn by the plan, 1>1. XX, to
huild the entire st~'ucture, and this \vill be enough .to furnish flood
ehanllels for the ruaxinluIll flood at this pOillt, \vhich is estilnated to
he \yithin 10 per cent of the Inaxiululn flood at the Buttes. These
Iluarries ,viII be located at tIle end of the danl a.lid practically on its
axis, a]ld ill 811C11 position that 111aterial call readily be handled by
11leallS of cable for construction purposes. 1-'he haul of the lnaterial
will be on a do"rn grade, and t.he average distance ,viII not ~xceed
~OO feet. l~his is considered all ideal location for the econolnic use of
eables. rrhe quarry rock has a specific gravity of 2.7, or a \veight of
1G8 pounds per cubie foot.

On the left abutment it is an exceedinglJT fine-grained pink lime
stone, 11l11Ch resenlblillg flint, but shu\ving, by analysis, percentages
as follows: 55.92 carbonate of li1He, 31 carbonate of nlagnesia, 3.70
silica, 6 alumina and ferric oxide, and 1 Inoisture. The gray liIne
stone frOll1 the right abntlnent contains 96.65 carbonate of lime, 1.40
silica, 1.30 aluluina and ferric oxide, O.Go llloistllre. From an engi
neering standpoint it has the appearance of being a first-class build
ing rock.'

The sand required for the construction of, tIle dalu could be obtained
in the canyon \vithin a fe\\' llundred feet of the dam site. It is a
good bllilc1ing sand, but \vould have to be "Tashed before its use with
eenleIlt. Gravel in varying sizes is found in connection \vith the
~and and C011ld be separated frOln it by screening. rrhe quartzite that
WOllld be used at San Carlos is-found ill large ledges within 1,000 feet
of the dam site. }lr. Duryee's report on cemeIlt is given on page 82.
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~rhe danl seleeted for this site is sho\vnin pla.n on 1>1. XX, hI seeti()l1
011 1)1. XXII. T'he details Hi'e sh()\vn on 1)18. XXI-XX\YI. It is pro
posed to construct it of large jl'l'(~gular bloeks of stone, beddediu
concrete. '~rhe luaxirn lUll heigh t of t,his struetUl'e froBl deepest IH·(J

rock to the top of the eentral portion of the danl is 216 feet, and t h(,
lnaxiulurll length is 617 feet. ~rhe total nunlber of cubic yardH con

tained in the d~ull, \veir, and t.cnvers is 04,730. In order to avoid 1"h(
erosion and shoek \Vllich ,Yould result fl~onl a large flood passing OYPlt

the eentraJ portion of the clanl and fa.lling 142 feet on its base, i,hp
Iniddle part of the danl, for a lellgth. of 236 feet, has been planned to
all elevation of 12.5 feet abov·e tIle elevation of the ,vaste,vays on the
sides. 1'h8 section of t;he central portion of the daDl (1->1. XXII) sho,,'s
tbe line of pressure at 13 ,Yith 10 feet of ,vater in depth passing over
the crest, and also at ..A. the line of pressure ,vitIl an el1lpty reservoir.
Both t.hese lines, for every portioll of the danl, lie ,vithin the llliddle
·third, reSlllting in a safe gravity structure.· The Inaxinlulll pressur(~
011 the upper t.oe is 12 tons per square foot and on the 10,ver toe 12·~

tons per square foot. ~rhe ,veight of tIle masonry is assulned to be
150 pounds per cubic foot~

In addition to its strength fLS a grRvitJy danl it is given an arched
forn1. ExpallSioJl and contraction in a cl1rved danl are l110re easily
adjllsted thall in n straight darn. ~rhe spil1\vay on the right bank
(PI. .XXIII~ A) "\vould be 237 feet ill length, and on tIle left abutluen1,
128 feet in length. "Tith 3 feet of vfHter. passing over the central
portion of the danl and a corresponding depth of 15.5 feet discharged
throngh the spill,,:ays over the t\VO end \veirs, the total diseharge past
the struetllre, exclnsive of diseharge tllrongh outlets, as estinlated hy
rI'. (J. Clarke's fOI'lllUla, is 83,620 ellbic feet per second.· rrhis is COll

sidered as tlle lnaxiululll flood discharge of the Gila River at thi!'\
point. It is fair to assunle that tIle reservoir ,viII not be \vholly full a1
the thue such a InaxinlUl1l flood \vonld occur, and that the capacity of
the reservoir ,vill tend to relieve this :flood discllarge.

'l\vo training \yalls have bee11 planned frolll the ends of tIle central
portion of the danl to protect its toe froln tlle erosion. of \vater passing
over tIle spill\vays. This ,vater will be discharged int,o the callyoll
belo\v the ]o\ver toe of t.he danl in SUC]l llULUner ~ls to project the over·
flo,Y do,vn the canyoll a,vay frolll the danl. ~rhe section of tIle was1p,

,vay ,veil's proposed for the t,vo spill\vays is ShO'Vll ill I~l. XXIII, .,t!.
rrhese \veirs are to be built UpOl1 the sloping ledge rocks, and \viII haYP
a slope on their lower face of 3 feet horizontally and 2 feet vert,ically.
l'hey ,viII be of an exceedingly substantial lle:lture, tIle surface being'
protected l?y from 2 to 3 feet of extra strong concrete. 'l'lle\Vater in
passing over tIleln will never leave the face, and consequently thert~

will be no pounding action.

I
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MAXIMUM CROSS SECTION OF THE SAN CARLOS DAM, WITH TOWERS REMOVED.
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A. CROSS SECTION OF WASTEWAY OF SAN CARLOS DAM.

B. DETAILS OF TOWERS FOR SAN CARLOS DAM.

In the above figure sections are given of the outlet tower.'> At B is a horizontal section on the line
E F of D; at C IS the vertical section on the line C D of B, and at D is a vertical ~ection on
the iJne G Ii of B. .
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'rhe outlet f1'0111 the d,lll1 ,viII be throup:h t,YO to'Nors located near
.hl l right abntnlent. ~rhese to\vers \vill be sClllicircnlar, a portioll of
~ lie opening being recessed. into tJle da:lll, as ShO\Vll by tIle details (PI.
,XIII, B). 1\ series of intak.es \viII be placed in this to,ver at varying
,·levatiollS, the 'valve (I~l. XX\TI, ..i1) consisting of a. plaill cap or .cover,
.~." 8ho\\'"]1. in the detail, 'Yhich ,viII be lifted by an ordinary \vIleel and
,('l'e\v. rrhe intfLkes ,~\'ill be pipes 3 feet in dialneter, Hind there ,viII be
,ix in each to\ver (PI. XX\!I, B). 1\.S the ,vater sllould be dra\"Tn froln
:ltiar the surface of the reservoir at all tirnes there ,viII be very slig-Ilt
pressure to be overeOlllO in liftiing these valves, and tIlis Inay be over
!'()1ne by closing the balanced valves inside the to\ver, allo\ving the
jattei' to fill ,vith ,vater tllrongll sInal1 by-pass valves, after \vllich the
pressure on the ollter intake valves will be relieved. In case anyone
!If the valves should beeolne stuc.k, the ,vater could be clra,vn illtO the
:O\yer fro1l1 other valves, and ,vllen the general "rater plan~ fell below
:he elevation of the injured yalve it could then be repaired:"', A second
,et of valves is to be locabed Ileal' tIle base of tIle to,ver. ~rhesevalves
\rill perlnit tIle ,vater to disc.harge tllrough t,vo cast-iroll pipes ,vhich
\rill pass throngll the clanl and '''hich are to be.:1 feet each in dialneter.
It \vill be possible to diseharge ,vater through fOlIr of tllese pipes,
:\YO being located ill e,aeh to\VeT, as ShOWll in the elevatioll of the danl.
The discharge through. these pipes ,viII vary \vitli the depth of ,vater
in the to,ver.

.A..s the valves for the discharge pipes nlay have to be operated
lluder a considerable llead of pressure, a balance valve has been
!lceided upon as preferable. This valve is ShO'Vll. on PI. XXIII, B.
The action of tIlis balanee valve is in the nature of a double pistO.ll head,
\'"hich is driven by a sere\v gear frOln above. ()ne of these 'valves, or
piston heads, is seated on eaeh side of tIle yalve box. Tlle~T are equal
:11 area, conseqllently the do\vn,vard pressure on the upper valve is
halanced oy the up,\\rard pressure on the lo\ver valve. 'Vhen the
ralve is ,vide open one of these piston lleads ,viII be 2{- feet. belo\v its
'eat, and the lIpper piston head ,viII be ill tIle center of the boxing.
The ,vater ,viII therefore enter tllrough both openin~s and discharge
:hl'ougll the main pipe.

r:rhe to"rers 'vere considered 11ecessary in order to prevent the
'leposit of silt around the valves, or their elogging ,vitI] drift. In
'ase the iTlner valves become out of order tIle outer valves can be
'lased and the inlIer valves then repaired. 1:\yo tov~Ters have been
lesigned, so that one c.o~plete set of 'valves can get out of ord.,er and
"he seeond set be llsed during the repair of the first.. .L\. bridge froIn
"aeh abutIneIlt. to tIle to,vers has been planned, so tJhat the <ianl may
Ie crossed and all points on tIle top of tIle dalll visited, even during
ilHXiuIUlll floods. Alternate designs for this crossing are sho,,"n on
'lIo elevation of {ianl alld ,vaste\vays, one for an iron l)ridge and the
jther for a eo}}}1)11latioll iron and COIlcrete span. .

"""-.oi".""':r,.; ........" .•~., ••
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l'he safety of tIlis structure, considering the relnarkal>ly hard h('d
rock on vlhieh jt is to rest, the fine ehal'acter of the building stollp

that llUl,y be ns(~d, the heaYy gravity seetio11 of the darn a.nd the "'(IiI's

that have been. plall1l9d, the solidity of the abutlnents and the nar.
rO\VI1(~SS of the canyon, \vould be beyond question.

..A.t a point 180 feet above tJ'lO upper face of the da111, 111UTked "B. JL
No.1" on the plan (1")1. XX), the can~yoll is but 88 feet in ,vidtll
bet,veen the abntlnentv~!alls. This is apparently an ideal place topnt
dC)\Yll she(:~t piling to beel rock to intercept the unc1erflo,v. r:rhe sUl'fae~~

flo\\' of the streaUl \vould tllCll be diverted in a fiulne to a point belo,,'
the dan1. It is believed that the sand and gravel of the river bed
could be 801idified by injecting ceUlcnt grouting through pipes into
the voids of the sand bet\veen tlle sheet piling and the foundation
excavation. rrl1is eould be injected at various points and elevations
and the lllass sufficiently solidified to adluit of tIle excavation to IJetl
rock at the site of tlhe danl.

CAPACITY AND COST.

The capacity of the San '(;a1'l08 reservoir vv-ith the heigllt of darn
proposed is the greatest of .any of the reservoir sites that ,vere fOUll(l

on the Gila Riv'er by this survey. 'fhe elevatioll of the l)ed of thp
canyon at tb.e dam site is assulned by the surveys as 100 feet and is
equivalent to a sea, elevation of 2,307 feet, as deterl1lined froln the San
Carlos railroad station. ...1\. l,T.nited States Geological Survey hl'ass
bench-ulark tablet h.as been l)laced at; tIle danl site. rIhe ca.pacity of
the San Carlos reservoir site is ShO\Vll in the follo\ving table:

CalJacity of San Cctrlos reservoir site.

~_.-.i . let I I IPercent 'I
Con- ! i on ents! Total : l\Iean i of maxi-
tour.· I Area. .1 ~etween I contentR. I depth. I mumI I I contours. , ! depth I

i__·__I__~_:-__.. !--~ I---~-I-----·
ill I I

100 I ACTl;r I.~~~~.~e~~~J ~~~~.~e.~~·.I ..~~~~:.. . .
no I 17.2 i 86.0 i 86.0 I :5.G I 50.0
i~ I Jg:~ i f~:g i ~g:8 1~:5 ! 18:8
l!O 2f~·? I . 1,4~rQ! ~,4~.Q I l~.~ I ~.5
laO 4."\8.3 ! R 4,.~;J.;) I 0, 9;)t). a I L". w •..4-.4:
160 H34:.4: i 7,113.5 II 13,069.0 'I 14:.0 I 23.3
170 1, 54S. 8 I 12,416. O. 25, 485. 0 16. 4: 23. 4,
180 2. 1U;'). 2 19.220.0! 4-1. 705.0 . 20.3 25.4:
190 2, t524. 0 i 2.t. (lUo. 0 i. ns, 801. 0 I' 26.0 28.9
.200 3. 475.2 I 30. 4n6. 0' 99,297.0 28.6 I 28.6
210 4.... 1.,4.8.3! 38',117.5 i 137,414.5 i &'1.1 I' 28.3
Z-ZO 5. ]91. 0 I 46. 8ill. 5 I 184,291.0 I 35.6 29.7
~O ~. :!:30. O! ?!' 105. 0 I *i1, 3~. 0 I ~. 2 go.5:
0;;.)0 4.34~.O I 13..~,j80.0 I ')17,L6.0 4.... 1, 28.0

a 260 -- - - _- ---- i---_--------I 4-14. 000. 0 - • ---- - _. -1- -.-------I
a270 ----------1------------1 ~1.,2,OOO.O 11 -.- •• - ----I
a 280 _----- ---- i ------ 1 <l..~, 000.0 ------ __ --1- _-0 "'11----
a290 --.--- -' ------ ------ ~O, 000. 0 •----- 11 ••. I
a300 ••. -•••• --1-.------_.-_'--.·.00,000.0 !- .._-_._--...~

a Estimated.
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B. LEFT ABUTMENT OF SA.!'! CARLOS DAM SITE.

WAT ER-SUPPL Y P/\DER NO. 33 PL.. xxv

A SAN CARLOS DAM SITE: LOOKING DOWNSTREAM.
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A. iNLET VALVE FOR SAN CARLOS DAM.

----8
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B. HORIZONTAL SECTION OF MAIN TOWER OF SAN CARLOS DAM, SHOW.ING
ARRANGEMENT OF VALVES.

A--



,!t'PI:\COTT.] CAPACITY AND COs'r OF S.A.N CARLOS RESEHVOIR~ 75

'rho area that ,viII be flooded by t.ho construction of a daHl at the
\nl'l'O\\-S 'Yill be on t.110 i\paclle Indian ReseI'Y"ation. rrhe question of
t"tg'ht of ,vay,Yould be the obtaining of the use of these reservatioll
;;iJH1s. A plane-table survey of the reservoir site ,,{as lnade by lVIr.
\ ',,,rus C. Babb, on a scale of 2-~~ inches to the Juile and vlitll a COlltour
illterval of 10 feet. ,U"roIll this survey.it ,vas fonnel tllat 587 acres of
;;llHls t11at have been irrigated and farlued by tIle Indians \vould be
:ll1oded; that of the relnaining area,' ·1,405 aeres are irrigable, tlle
i't ' IlUtinder, 3,360 acres, being llonirrigable. No inlprovenlcnts ha've
1we~l Blade by tIle Indians other tllan the bllilding of brus]l fellces
;tnd hous(~s. rrhe .1\.pache Illdian is of a roving nature alld does not
like to live for a lOllg' period of tinle UpOJ} one spot. It is said that
when a deat1l occurs in a family the house is abal1doned and a ne\v
I, )eation is selected.

In order to provide for the dalnage which ,vould be done to these
Indian fa-rillS, the estilnate incllldes $20,000 for the cOllstrnctioll of a
He\V irrigatioll systenl for the Indians above the reservoir site. There
i~ as lIluell ,vater available from the Gila River a.t points between San
Carlos and Geronilllo as near tIle agency. Lands in that locality are
lllloeeupied, are of equal fertility, C0111d be irrigated ,vitIl equal ease,
and are on tIle reservation. If, therefore, a S11bstalltial irrigation
~ystenl should be built for these Indians lligher up Ol} tIle river, alld
this should be given to thenl in lieu of tlleir pril1litive and deficient
:,ystenls that no,,' exist, it is considered tllat the treatment ,Yould be
fair.

'Vhell the Gila 'Talley, Globe and Northern Railway built through
the reservation they paid the .Illdians at the rate of $40 an acre for
1he irrigated lands that ,vere used for right of ,vay and in addition
~ave the tribe in general $8,000. These Indians are ind11striol1s and
itnxious to \vorl~ for ,vages ·,vIlenevei, opportunitiY is offered. They
built the greater portion of the r~ilroad througll their agency. 'l'he
work on t:he dam ,vould extend over a period of two years or more,
and tl1e Indians may be given much elnploy111ent ill connection with
this eOllstruction.' It has been found in J\:I:exico that as tIle ,vater is
nUl off fronl a reservoir crops may be raised UpOll the llncovered .
lands, \vllich have been cOlllpletely saturated b~y tIle retiring water.
These lands are found to be most productive. l'he Indians of San
Carlos ,vonld have the opportunity of raising crops upon Inarginal
lands and \vould doubtless avail thelnselves of this opportunity.

rrhe agency grounds and military post ,vere surveyed ill detail on a
seale of 200 feet to the inch, ,vith 5-foot contours. The essential fea
illl'es of this map have been reproduced on PI. XXVIII.

\'Thile the elevation of tIle spill,vayat the daln is 130 feet above the
bed of the stream, the flood line of the reservoir 111USt l)e considered
as being at tlle InaxilnulIl elevation of the ,vater passing over tIle ,Yeirs,
01' approxinlately 145 feet above the bed of the stream, or 245 feet
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al)ove the datuul of the contour surveys. 1'his contour, while it
would not include all the buildings of the military post and of the
Indian agency, \vould cover so great a portion of t,he grounds that the
renlainder \YOllld lJe practically useless.

1'he agerlcy and the post are both exceedingly dilapidated alld old.
It has been proposed that the entire agency _be nlovecl to a 111on
desirable location about 8 llliles above, on the San Carlos River,
where, in fact, the greater number of the Indians a,re located. .A
llandso111e ne\v school building, \vhicll lIas been provided for in reecllt
appropriations, \vilI. not be located at the old agency,.but at tIlis point
higher up on the SaIl Carlos. There is a stone school building, store
house, and blacksnlitll sllop at the agency. The officer's quarters arf
adobe, the post t,rader's building is a fralne structure, and there art
t,venty f1'<:t1ne barracks. "rhe qllarternlaster's departmellt is a serips
of s11eds, and the relnaining buildings are eitller adobe or of rough
lUlnber. TIley. are all one-storys1;ructllres except the schoolhonse,
and are o~ a, very ordinary ty'pe. There is a nlilitary ice alld pTllllp
ing plant and an agency-flour 'mill, ,vb.ich \vould be flooded by the
reservoir.

After a careflll consideration of all the bllildings, and a discussion
of tlle sitnatioll <?ll the gronnd ,,,ith officers ill cllarge and thO~(l

fa.lniliar \vith the value of the property, a total price of $60,000 is
consider~~d as sufficient,. to provide for all danlages done. r_rhis SHIll

has bee11 included in the estilnate. In v·ie\v of the probable Inovin~

of the agency to another lqcation and the possible abandonnlent of

the Inilitary post, and considerillg tIle general state of dilapidation
\vllich prevails, tI1is figure of $60,000 for the building of a new post
is considered as liberal.

As will be seen by reference to the map of tIle San Carlos reservoir
site, the Gila Valley, Ci-Iobe and Northern Railway enters the reservoir
basin near its head, on the Gila I{iver, and passes 11p tIle -valley of flU'
San Carlos lliver, H, total distance of 5.76 Juiles in tIle reservoir :sitt'.
'rllis railroad ",vas built in tIle fall of 1898. ..A. better location for thp
road, a,vay froIn the river, was recoIDrnenc1ed by the locat;ing engi
neer. It provided for the crossing of the lleck: of lanel betvreen 1itl'
Gila and the San Carlos. rrhe locati.on of this line is indicated by flu'

- topography on the reservoir nUlp (I~1. XXVII). The railroad could be
changed frolH its present location, beginning at a point 2 111iles aho\'p
the (j-ila 11iver bridge and crossing the (;ila at that point., passin~: O\'\'{'

a divide 011 the point of land lnentionecl above at an elevation of It:--""
than 200 feet above tIle bed of ·the' Sl,reall1, crossing the San Carlo:·; .-,
Juiles above the Sall (~arlos station, and joining the present line at the
last.-named poiIlt. rrhe"lengtll of n(~\v construction \yould be 5 ntiIt)~.

rrhe l'oad\vay ,Yould cost about ~8,OOO per Illile, ora total of ~·:1:0j(H It '.

'1'he Juaterial for the roadbed \vould cost, approxiulately, $-t,..ooo IH 'r
Illile, but eonld be llloved fron1 the old loeation. 'I'here ,,,ould la' ;~

.~
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CONTOUR M AP OF SAN CARLOS RESERVOIR SITE.
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CONTOUR MAP OF THE GROUNDS OF THE SAN·CARLOS INDIAN AGENCY AND
MILITARY POST, SHOWING LOCATION OF BUILDINGS.

A, hospital; building of adobe and military tank above it. B, adobe buildings occupied by the officers. 0, frame
building'.> used as barracks. D, adobe buiidings used as stables. E, school grounds; buildings mainly of adobe.
F, huts or wigwams us€d by the indian police. G, guardhouse.H, trader's store. I stone warehouses. J r offices
of the United Stat~s Indian agency i built of adobe. X, shops and stables built of stone.
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Estbnate, 13an Carlos darn.

:,ilyillg of J. lniles in (lista'}lC(~ ill the ne\\,-line OVE~r t.ho old, \vhicll should
('nlnpellsate for the J11oyillg. ~rhere \you1d be t.\YO bridges to Inove, at
;lll approxin1ate eost of *10,000.

T'lle CiiIa. bridge eontains thirt.y-three IG-foot bents and three sInall
..;palls. rrhe San (;arlos bridge has thirty-fonr IG-foot bents. 1'ho total
\'ost of nloving this railroail has been estilnated at $50,000. As all the
material for the construction of the da111 that ,viII be shipped to San
(~a]'los ,,,ill fJ.ave to pass over this railroad, inelucling about 25,000
barrels of cenlent., and as tIle railroad \vill be shortened 5 lililes "Ti~hout

any serious addit.ional grade and 1'on10ve<1 frOln a valley of t,vo torrential
:,lreall1s, it "'-Ollld seenl that this change of 10ca.tioJl luigllt be readily
arranged. r"fhe reaSOll the railroad ,vas placed in its present location
\ras to enable it to reach the post H,lld agency and secnre tllat trade.
,rith the agency reuloved, there ,vould no longer be tIle occasioll for
its present location.

150,000.00
6,816.00
2,119.00

$568,380.00

1.,500.00
5,000.00
2,000.00
1,500.00
6,.100.00

50,000.00'
20,000.00

'60,000.00
10,000.00
20,000.00

------
903,415.00

90,341.00
45,170.00

Contingencies, 10 per cent . . . _. . . . _. _.. __ .. _
Engineering, 5 per cent. _.. - _____ . _____ _ - __________ .,

Rubble masonry, laid in concrete, 94,730 cubic yards, at $6._ .__ . __._
N OTE.-\Vith sand cenlent, at $4.63 per barrel, or $4.28 per

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

Excavation foundation, pumping, etc __ ~ . __ . "__ ... .
1selnicircular to\ver, of concrete, 13,632 cubic feet, at 50 cents _.' _
1to\ver, saIne diameter inside, 60 feet high, 4,238 cubic feet, at 50 cents_
2 to\ver houses, including the semicircular base of concrete, at

8750 each .. . ... - __ . ~ . _... _
10 inlets for towers, at $500 each . . . . _... __ . __ .. .
2 balance valves, at 81,000 each _. . . : . __
2 balance v.alves, at $750 each ._. __ . __ ., __ . __ . _________ _ _
610 linear feet of footbridge, at $10 .. _
5 Iuiles of railway, moved, at 810,000 per mile _
Ne\v irrigation system above the Indian agency '.. . _
Dalnage to agency and post buildings . ;. . _
Lovv ,vater diversion tunnel ._ . . _
'Voodell crib diversion dam at head of irrigation canal . __ ".- . _

Total .. . '. _.. _________ . _. ' . _ .. _. .. __ . ,'. 1,038, 926.00
Total number of acre-feet stored is 241,396, at a rate of $4.30 per acre-foot.

GUrx'IIRIE RESEI~'TOIR.

1'he Guthrie reservoir site is situated in Grallanl County, ..A..rizona;
about 30 Iniles llortlle~st of the to,vn of SO}Olllonville, OIl tIle Gila
}{iver. The danl site ShO'Yll on· PI. XXX is about 1 Inile abo,re the
Coronado Rancll IIouse, ill \vhat is kno,vn as Yor]{ Canyoli. This
is approxi]natel~y 4 nliles above Guthrie and 13 luiles helo\v Duncan.
'rhe canyon is about 2,000 feet long, opening both above and belo\v into
broad valleys. The survey ,vas.lnade for a 140-foot daln, as a natural
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spill,va.y oecul'S one-half nlile e~llst of the (}a1l1 site, the lo,ycst. elevntiol1

of \Vllieh is ] iJO feet. rrhe lnain \vagon road tllrough the valley l)(l~St...

directl)7- through this spill\vay.· 'rhe opening varies fronl 200 to :)0,\

feet in the bed of the canyon aud frolll 800 to 900 feet in \vidth at all

eleva.tion of 140 feet above the stre:tIll. The cliiIs of the canyon artl
COlllposecl of volcanic roc:k, and quarries eould lJG located at an eleYa~

tion above tl1e danl site. No borings for bed rock have been lllade at
this point, be~ause of the laek of funds, and also on aCCOl1nt of it~

ren10teness fronl other portions of the ,vorl{. 'rhe ,valls of the canyon
indicate varying eOllditions of lava flo\v. "rhey are shattered, and in
sonle instances tl1ere are strata of hard rock overlying cobbles antI
ela~y.. It. is not probable that the rock eould l)e quarried in great
quantities or in blocks, and it ,,,"QuId be dil1icult to get good abutlllonts.
It has been exeeedingl:v contorted allcl crushed at an elevation of about
40 feet above the bed of the river.

'rhe sur\~ey of the reservoir site ,vas Dlade by' J\Ir. Cyrus C. Babb,
hydrographer, on a seale of 1 Inile to 2-} inches (I~l. XXIX). The 140- .
footl contour runs witllin three-quarters of a 111ile of the to"'Il of Duncan.
It is probable that the type of dalll,vl1icll ,,"ould be constructed at this
pOillt, jf one s110nld be built, ,Yould be of a roek-fill type or possibly
of earth. '.rhe basin of the re~ervoir contains no irrigated agricul
tnralland, but it ,,,,"ould appeaj,· to oe possible to irrigate a portion of
this vallejT. r.l'he Nc\v l\lexico and ...!\rizona Railroad, ,vhich is a nar
ro\\~-gage road running to nlorenei, .1\.rizona, passes through the entire
lengtll of tll~S reservoir site H,lld tl1rougII the danl site. The side of
t,he reservoir site 011. 'Vllicll tIle railroad ,Yould haye to be built is
rough, anel the eost of construction ,vould be at least $20,000 per nlile.
rI'hree la-rge tributaries of the (i-ila-the San Carlos, tIle Gila ,Bonita,
a.nd tIle Sa:n Franeisco-join tIle river belo'\v tIlis point, so that the
water supply,vOllld be eonsiderably reduced. It ,vas not necessary
to prepare estiInates 011 this dalll site, but o,ving to its probable future
value for irrigation purposes near SOlOlllOllville and Florence, it is
reconlnlcndecl tlul,t the site be reserved for irrigation purposes. "fhe
capacities of this reservoir, ,vitil Y(lryillg intervals, above the bed of
the streall1S at the dan1 site are given in the follo\ving table:

Table of CalJacit-ies, Guthrie reservoir.

[Capacities calculated by averaging each two sections and multiplying by 10.]

r- I I I II . ,---I
) Con- I I Capac~ty 'Total ca- Con- I Capacity j Total ca- I

I
tour·l Area. I of e:;tch I pacity. I tour. Area. i of e~ch ! pacity. I

. I' section. I I section. II I I : I

--II! Acres. I Acre-feet~'-II Acre-feet. '1-- ~,cres. Acre-fept.1 A:feet·I'
10 14 . 70 70 . 80 1,875 16,530! 46,705
20 I 45 295 I 365 II 90 2.383 I 21,290 I' 67,00.) I
30 154 995 i 1,3HO 100 2,844 26,]35, 94-,130
40 390 2,720 I 4,080 Ii 110 :3, all 30,775 I 124,90.1)
50 699 5~ 445 I 9,525 II 120 3, tiH2 j 36,365 I 161,270
60 : 1,000 8,495 I 18, frZO /I 130 4,696 I 43,290 I 204:,560
70 . 1,431 12,155 I 30, 175 '! 140 5,552 I 51,240 'I 255,800

I 'IL__J -'-- ~ ----l
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Area and capacity of Queen Creek 'J'eser'Voir.

r-i - I I :1 - I . I II l i --l
J ' j I Capac- ;j Con- I I Capac- I, Con- I I ~+~ I
,Contour.! Area. ~ ity. :.1 tour. I Area.:. ity. :1 tour. I Area. I CapacIty.

1---1---1----:1---- --·1--·----11-·-·-~I----
. II IAcres.. 1.

1

. A c,;.e-ft., I:.: .. AC1-es. ! AcrB-ft. II I Acre.s. 'I Acre-ft. . .
i 2,000. -. 8 1 40:: 2.110 i 279 I 5~ ·i25!i 2,100 I 757 30,795
! 2,070___ 2"2 : 190 ,I 2~120 I 356! 8,600 II 2,170 I SUi I 39,050 I
'I 2,080.__ 52 ! 560 l~ 2,130 1 445 I 12,f50;) 11 2,180 1,019 I 48,615 I

~,090_._ ~12 ~ ~,3S~ I! 2,1~ I ~38 I 17,g20 ,i l 2, 190 1_ 1,091 50,665 I
I ,."ltJO / 209 I ,.,,980 II 2,150 I 630! Z3!u60 11-------- --------I-----------!
,--1_ ' L I I, I '----l

QITEE:N C~I~E]~I{ Rl~8]~Il'T()II~.

C2neen Ch·cek rises in the 11l0untains t.o the \vcst.,vard of the Silver
1\ illg 111ining ealnp, in Pinal County, .l\rizona, aud flO'NS in a geIleral
..outJl,,'"esfrel'ly diree.tion, leaving the 11l011ntains be1o\v a point kno,vn
;IS "'hit10\\"'s l'aneh~ approxinuttely 18 Iniles north of the Ijuttes. III

dl'dinary years it loses itself in ij}-le desert north of the (iila I~iver

ilHlian lleservation. 'l'he reservoir site \vas suryeyed \vith a plane
table to a height of 140 feet above the bed of the streaUl at the dalll
~ite and contJonred in 10-foot intervals (1">1. XXXI). r-rhe follo,ving
table gives t~le capacity of this reservoir ,vith varying heights of daul:

J\ dalll of the rock-fill type ,vas estilnated upon in 1895 to cost
~221,OOO. The total area of the drainage is 142.5 square Iniles.

()bsel'vations on the diseharge of Queen ()reek \vere eonl1nenced in
18H5, at the tilne of the first investi.gation for a ,vater supply for the
Gila lliver Indiall Reservation. A gage rod ,vas· t.hen placed and a
gaging' stlation established at 'Vhitlo"\\T's raneh, at the clam site of the
Queen- Creek reservoir site. During the year 1896 an' observer ,vas
enlployed and located at this station. At the time of the .establish
lnent of t.he station tllere ,vas a sligllt perUlanent flo\v, averaging
a.bout 2 second-feet, ,vhicll next year failed. The prillcipal ,,-rater
supply of this creek consists of floods of one or t\yO q.ays' duration,
occurring inllnediately after a rainfall in the basin. On this account,
in order to obtain all accnrate- deterlnination of the diseharge, an
observer has to be constantly located at the station to IneaHure' t.he
discharge alld to record its duration of flow. Such a systenl ,vas
enlployed dllring 18HG and until April, 1897.

rrhe 1110nthly discllarge at this s1JatiOJl for 1896 is pH blishecl in the
Eighteentll.11nnual Report of the United States Geological Survey,
Part 1,r, page ~95. 'rhe total diseharge for the year \yas 10,887 acre
feet. r-rhe daily observations for 189'7 are published i~l the Nineteenth
.A.nuual Report, Pa.rt 1\1, pa.ge 417. The floods wer~ Ineasured as they
oecurl'ed, and it is assullled tllat they lasted t,velve hours each. On
this basis the total discharge to ..A.pril G, 18~)7, was 8,020 acre-feet.

'l'he total discharge for the yearhas beell estimated in the follo,ving
Inanll_er~ and is only rougilly approxima.te. A rainfall record has been
kept at Pinal ranch, ,vithil"i the drainage area, from 1895 to the pres-
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STOHAGE OF 'V.A.'I'ER ON GILA RIVER, .ARIZONA.

SunL1nary, total annual discharge of Queen Creek at lVhitlow's 1'Oanch, ....4rizo1ia.

As it has beeiI shown that 10,875 acres, requiring 20,000 acre-feet of
water, are needed at once for the Ill(lians ',vho are on or near th~ C;j}a
River Indian Reservation, and as an ultilnate consumption of 40,OoU
acre-feet is estimated as a possible future lleed and this allHHlUl

accepted as the basis of this report, it is obvious that Q ueell Creek is
not able t.o supply the full deluand, either present or prospectjve.

ent date, inclnsiva. The total precipitation for 189'7 ,vas 23.~:J i.IH·h ......
"For the period froll1 January to I\larch, inclllsive, durillg the tinu\ \1,
,vhieh IneaSllrelnents of discharge 011 the creek ,vere lnac1e, th(-. P:l"

cipitation ,vas 14.21 inches. A proportion ,vas, therefore, Inaclc-l.l.:.'·
is to 23.23 as 8,020 is t,o total discharge for the year. ,.,Torking OtP

this proportion gives a total discharge of 13,110 acre-feet.
1\.n obser,~er ,vas eniployecl at, this station for tJuly, j\ugust~ :llid

Septeulbe.r, 1898. lIe recorded the lleights of floods on the gage l'l~';

as they occurred. 11'1'0111 this record, in connectioll ,vith the ent:-.""

sectiollS ,vhieh ,vere llleasured, all estinlate of the discharge of 1iii'
creek, ,vas Inade. rr"hese observations are reported ill "Tater-Supply
and Irr.igation Paper No. 28 of the Uliited States Geological Sll1'\'~'!",

page 132. 1'ho discharge for tllese tllree l11on1.118 lIas been eomiHlt.·d
as 5,1.:10 acre-feet, including 'the one flood occurring ill Decelnber of
tllat Jrear. rfhe creek ,vas reported dry froln the 1st of ~larch un til
the tinle the observer assuulocl his duties, and from Septeluber to thp
Inea-sured flood, Deceu1ber 18. One flood occurred, 11o\vever, in ,JaB

uary or February, 1898, of ,vhich no record VfUS kept, but the quan
tity ,vas not Ilotably large. It is reported by people located in t h...
ba~in that. the year 1898 ,vas cha.racterized by all exceedingly slnal1
flo,,' of the creek. rrhe total disellarge for tIle year is assunled H;.

6,000 acre-feet. It is probable t1lis t11110urtt ,vas not exceeded.
'The old gaging statiol1,vas reestablished in December, 1808, an<l an

obser"ver eUlployed to record any floods occurring. }vIeter llleasu t'!'

Inents ,vere not made, but gage records ,vere tak~n on both tIle origi~

nal gage and a slope gage placed 431 feet above and referred to tlH'
same datl1In. (;1'088 sections of eaell flood ,,,ere Ineasured. Fronl thi~

data the diseharges of the creek "rere COlllputed by Illeans of thp
Kutter formula. From these cOlnputatiolls for the period frolu .Jallu~

ary 1 to August 11, 1899, tIle. discharge is fOl1Ud to be 12,527 acre-feet.

• ll. S. GEOLOGiCAL SURvEY

10,887

13,110

6,000

12,527

Acre-feet.Year.

1896 . ." _________ _ . _' .' _' __ 0 _ ~ _ _ _ _ _ _

1897 _______ . ____ _ "__ . "_ __ ___ . __"__

1898 . ,__ . _. ". _. __________ ___ 0 _ _ _ _ _ • _ __

1899! Ja,n. 1 to Aug. 11 ._- -. 0 • i
I

l
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BED ROCK AT DAM SITE.

81

..A. dianloud core drilling outfit ,vas sent to Queen Creek on .i\.pril
17, ISD9, and the \\'ork \vas eOlnpleted on ~Iay 20, IS9n. It ,,~as found
diftienlt to drive the pipe at this point, oV~Ting t/O the presene~"ofnUUler
ous bo\vlclers in the coverirtg of t,he beel rock:. rrhe pipe ,,~as frequently
bent and it was often fOU.11d llccessary to place dynalnite in the 1101e,
raise the pipe a fe\y feet, and explode the po\vder before the pipe could
be driven to beel rock. ~rhere ,yore 11 holes put dc)\vl1, their relative
location being sho\vn on 1)1. XXXII, ,j1. ~rhe elevations at each of
these is given ill the list belo\v. .r'\.t a point on the figure 111ark:ed
"Gage" is tIle 11ppor gage rod, its zero being at an elevati.on of ~,041.7
feet. l\.t the point Ileal" this, lllarl{cd "Iron,," is the north"\vester1y
iron gad, put at an elevation of 2,04H. fJ feet. Opposite this is tIle
nortlleasterll iroll gael, at an eleyation of 2,OGO.6 feet. .At the point
Inarked "13. 1\1." is one of the bronze tablets of tIle Geological Survey,
placed at all elevation of 2,05r5.1 feet.

Borings at Quee1i Creek.

IE 1 ! Surface IBed-roek·1 Dr:> h! ~g~:~
! 0 e., elevation. \ eleyation. ept.! into
lit ! rock. \
i--j --------·-i-----I
! ! Feet. F~et. F~ct. I Feet. I
I 1 2,050.0 2.013.0 3... 0, 7.;) I
i 2 2,051. 4: 2,017. 4 34. 0 I 3. 0
I.} 2,O~3.4 2.0;27.4 2H.O 1 6.0

4 2,0;)0. (j 2: 018. 6 32.0! 4.0
5 2, 04~L 7 2,021. 4: 28.3 I 6.2,
~13 2.050.5 2. 01~. Q 3~. 5 i 4.2 I

2: 04:9.;j ~'. 00"11~·. ~ 3
35

"", '05 I 7.0 1,;
8 2.0;">0.2 ... u ~ I 7.0
9 2~ 050. 5 " O-r) 3 28 ') 3.°

10 2,050.2 2:007: 7 42:~ I" 1.5 I
11 2,04:7.3 2,023.8 23.0 I 5.5 I

I

There is a United States Geological Survey bronze hellch-Inark tablet on the
left bank~ in line \vith the upper ro,vof holes, set in the rock about 5 feet above
bed of stream. Elevation, 2,055.7 feet.

r.rhe bed roek ,,:as found to be 3 1lnifornl, Ileavy, volcanic product,
haviJlg a specific gravity of 2.4D, or a ,veight of 155.5 pou·ndH per e1lbic
foot. Its strengtll to resist crushing \vas greater than tlhe capacity of
the testing Inaehine. A eore three-fourtlls of an inch in diauleter
\voulclllot crus11 under a pressure of 1 ton. Further description of 
the Queen Creek danl and reservoir site lna}! be found bet,veell pages
43 and 52 of the report 011 the irrigation investigation for the benefit
of the PiInas and other Indians on the Gila I{iver Illdian Reservation,
Arizona, by 1\11'. Arthur P. Davis, h} drographer, ill Senate Document
No. 27, Fifty-fourth Congress, second session.
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Investigations \vere luade llllder instructions froln lVlr. ,J. B. lJippin
cott, in order to a~certain 111eanS of lessening the cost of Portland
cement in the construction of danls on the Gila River.in Arizona.
O,ving to tlhe remoteness of these proposed daIllS froln lines of trans
portation, the expense of bringing celnent to the sites Inakes a notable
addition to the cost over construction else\vhere, and it is tl1erefore
of great importance to reduce the quantity of cement to the smallest
allo\vable anlonnt.

Portland celuellt is considered an essential eleJnent in tIle construc
tion of dams subject to severe and suddell strains due to floods. It is
valuable not Ollly in giving great strength and Il0I11ogeneity to the
structure, but also because of tIle fact that exposure to 11loisture,
which deteriorates luany Inaterials, serves to increase the strength of
Portland~ceulent JTIortars. " It is thus being la.rgely l1secl for this pur-
·pose. For exanlple, the ne\v danl under construction on the Nile at
Assuan ,viII require 3,000,000 barrels of Portland cenlent, costing, in
round nUlllbers, $12,000,000.

"rhe investigation of celnent for the Gila River dauls has been
along three lines: (1) To ascertain ,vhether by unusually fine grind-
ing of the celnent its .strength can be appreciably enhanced and the
quantity correspondingly reduced; (2) whether it is feasible to usc l
the rocks found at the danl sites for Iuaking a sand celuent; (;3). I

whether Portland'cement can be economically Inade at these sites. 1'._.1."'.:...•,·

SAND CEMENT. ,

Sand celnent is a terll1 ai)plied to a Inixtllre of cenleut and sand gronnd ~

together in a dry state to an inlpalpable po,vder. .Lt\.s a rule I~ortlaJ1d i
celnent and quartz sand are tIle 111aterials thus used. This Inixtul'e is
then used ·w'ith ordinary sand and gravel, as in the cllstolnary praetiee:
"_rhe proportioll of pure cenlent is thus COllsiderably reduced, but tht"
strength and durabilit,y of the concrete has been found to be nearl~y as

great as that Inac1ewith the ul1clilutecl celuent.. r-.rhe explanation offered
~ for the relnar]{ably good results obtained ,vith sand celnent "\vhen nspf l

,vith ordinary coarse sand is that the voids in the coarse sand ai'(~

nearly fillec1\vitll the finely ground sand. The grains are t.hus bond('d
togetller and to the coarse sand by the nnifol'lllly diffused p(lrtiele~ 0;'

the fine celllcllt. The UIllOllut of voids in the ordinary sand, in oth('!'

\vords, is greatly reduced by the fine sand, fulfilling the requirellH Ilt

for a strong 1110rtar that it is necessary to bo of dense charact.er, til"

grains being of such gracluated size and so ,veIl TIlingled as to <dfpnl

the luaxinlulll contact of the sHrfneos of tllO partieles.
In sand-Celllell.t lllortar the grains of sand are extrerllely ulinu h~~

:::,- ~
~ ~,
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A. LOCATION OF BORINGS AT QUEEN CREEK DAM SITE.
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B. CAPACITY CURVES OF THE PROPOSED RESERVOIRS ON GILA RIVER, ARIZONA.

0 0 0 0 ·0 o' 0 0 0 0
0 0 0 0 0 0 0 0 0 0c 0 0 0 0 0 0 0 0 0

~ 6 0 0 0 ~
o· 0 cS cS...r \0 ex>

~ ~ ~ ~ 0
C"l C"l C"l C"l ('t') ~

--~,..-

:--:.---'

0 0 0 0
0 0 c 0 0 0
0 0 0 0 0 0

0 0 0 0 0 0 '0 0 0 0
0 0 0 0 0- ~- 0 0 0- 0
~ 0 0 0

~ ! ~ ~ 0
0 ~ \0 w N

,
I

200

Q.>

~ 180 ~-+---l--~-+--+--+---+--t--I---+--_!_--l--_+_--+=""""::F---+--+--~--f--_I

c III ~
- 160 I---+--f--.....;--t--t--t---t--t---t-I -i::::-""~----r---t--t---+--t---t--I---:-:~~

:~Q.>/) 140 LesJ--- I I· ~ __..b----- -----~
~ 1---t-_-+-_t---+__+-_t----:P_~'-tJ_t~t-_;_I-+_::__.I. i F!!II..'l(..=:'- ·f?:.s-an];g.d.93-:.---o
o I /V I I .~-:~[~:--'--

"'g 120 ~ i ,,"""'r;-;:-:'=':-- I

~ 100 I /~-b~~ !
o ../ b/--~- I' I
~ ~~~ IE 80 I---+~~.::::.--+_-+--+--t__-+-_+_-!___+_-_+_-!___+_-_!_-t___+-_+_-+___+-_I

~ kf? I I'0 60 I--~AoI<;...·-_+_-+___+-_+_-t___+-_+_-!___+_-_!_-r__+_-_+_-t___+-_+_-+___+-_I

to 40 ~lfl--l'1-+-+-+--+---+----+---+--+---'---+-1--+--!--+---+--.+--+--+--+--+-----1

~ 20 ,....f--t-l_-t----t----+-_i_-+---+---+_f---+-_-t-ll
--t-I--+--+---+---ii--+---+---+----t

I, I II
o '--""'--~-"-....I.-""":'-....loo----,--~~i~----'-___'_--I-.;r.-~...r.--....I-..--'----..r.-__'

It and sand ground
-\s ft rule l~ortlanil

'T'his Inixtn l'e i~

.1stOlnary praetiee.
\., reduced, but t1H1
Iud to l)e nearly as
'xplanation 'offered
celnent \VhCll use(l
.c coarse sand ar{~

ns are thus bond(·(l
i ffused partieles of
lary sand, in otlttq'
~g t.he requirellH~nt
nse character, tlu:
inn-led as to afford

b

es.
extremely nlinute,

p"",.r ..



LIPPINCOTT.] TESTS OF CEl\IEN'l'. 8R

the Inixiure being s'o fine 1hat only 5 per eent residue is left on a
sereen of 200 lueshes to the linear ineh or 40,000 rneshes to the square
inch. 1'11e great density t,hus obtained contributes to the iInperlne
ability to \vater and increases the cOlnpressive strength and load··
bearing eapaei1J~\ tItus rendering tihe Inass of value for constructing
fOllIHlatioIlS, darns, and sea \ralls.

In the tests Illade in this investigation it rock kno\vn as pettrlite, an
acid ie lava or rhyolite froTH the J3ntJtes danl site, \vas used, and ~tlso

sanlples of qnartzite froln tl18 San (;arlos clanl site. rrhese \vere cllosell
beeause of the abundance of these rocks at the localities nalned and
their superior llardness. 'rho l>ortland cen18nt used \vas that InallU
faetured at Colton, (;alifornia, tllis being Inade nearest to the place
,vhereit ,viII be used and being sold ftt a lo\ver pri.ce than other Portland
CClnent in the local nutrket. .1\11 of the tests \vere Tllade \vith the sallie
sanlple of celnent" portions of this being taken for the several luix
tUL'es \vith crushed pearlite and 'qua.rtzite. 'rhe sand used \vith the
foreign eenlent in lnaking sand. celuent \vas cl~~a,n beach sand from
dunes along- the coast.

. TESTS OF SAND CE!\'!ENTS.

R,esults of the tests of the sand cenlents and eOlnparisolls ,vith otner
]ni~tures are given in the follo\vil1g table. In eaeh case the c.rushed
pearlit.e ,vas lnixed \vith an equal "reight of cCluent, and the lnixture .
,vas ground in a Inortar until it aU passed through a screen ha,rillg
200 Ineshes to the linear ineh. rrhe s~une Inethod ,vas pursued- \vith
the quartzite froIll San (;arlos, thus 111aking sand eelnents cOInposed
of equal pa,rts of I.lortland cenlellt allc1 pulverized rock grollnd to an
exeeeclingly fine eondition.

rrl1G coarse sand used in lIlaking the Inortar ,vith the sand cernent
and \vith. the pure (Portland) Colton celnent \\'~a.s of the ordinary grade
of fineness used for lnaking CGlnent tests. It \vas screened from ordi
nary gravel, all residue on the 20-n1esh screen being rejected and all
left on tl1e 30-lnesh screen being retained.

1'he briqllettes for testing \vere Inade accordillg to the specifications
recoIHlnended by tIle Anleric(l,ll Soeiety of Civil }=llgineers. After the
briquettes ,,~ere 111ade they \vere kept under a dalup cloth for t\venty
four hours, thell placed in vats of ,vater, ,vhere they,Yere left until
t.he tilne for break:ing arrived, nanlely, sev'en days or t\vcnty-eight
days. r.rhe fine grinding and diluting of the J>ortland cenlent with
fine sand did not lllaterially affect the tinle of hardening or setting.
1'he beginning of the setting proc.ess of tlle ordinary COltOl1 celuent
Inortar, or illftial setting, \vas thil'ty-tllree nlinute~, and the time of
iillal setting \vas eighty-five lninutes. This applie~ t,o salnples Nos.
3, 4, and nof the follo\ving list. "'rIle corresponding periods for the
salld cement ,vere thirty and eigl1ty Iuinntes. rfhe celnent Illortar
contillues to harden and increa.se in firlnness for a year or longer.

t:-



CRUSHING TESTS.

In order to 0 bta.ill the crushing strength of tlle various celnents and
eoncrete COllsidered, t,vo l-inch cubes of each ,vere broken. The
results given are the averages of the crushing strength of the t,vo
C1Ibes. l'he cul)es \vere allo\ved to reIna-in thirt~i days in water and
then thirty days in the air.

Comparison of test No.3 ,vit,ll No.5, and of No.4 ,vith No.6, sho,v8
that increased fineness of grinding 'very materially increases the
strength and sand-earrying eapacity of cements. '1"he ordinary Col
ton celnent of tests No. 3 and No. 4 ,vas grannd finer. than cOlll1nercial
Porthtnd is usually grolinc1. ' l{ecent ilnprovenlents in luills for gl'"ind
ing render possible a reductioll in size of celnent grains at a cost
\vhich is sInall \vhen eOlupaTed \vith the great increase in the value of
the resulting 111aterial. "There the freight cl1arges are high, as is
the case at the locations under considerat.ion, it is especially impor
tal1t to take adYa.lltage of this ilnproVOlnent, an.d there is no doubt
tl1at if the specifieations eall for a fineness such tllat only 1 per cent
is to be left on a lOO-lnesh screen, t]le luallufactnrers ,vill respond to
the requirelnents. Engineering specificatio~shave ordinarily allo\ved
a residue of 5 per cent on a 50-I11es]1 screen, althongh nlanufacturers
have for SOIne years perlnitted a residue of 011ly 1 or 2 per cent on n
50-1uesh screen.

Results of tcsts of Portland sand cenLent....;.

H I IPOl:t. I --;~~:ess. --1---'---,-strength. I
i I land l.- .,1 1_'------1

No. Material. ISand·lcclnentl .. " , I 0" j\Vater"I' I
I I to I aO 100 I ..lX) I 17 days i 28

1__'1__ !---I~~~~ :e~l_ mesh'l~es~ 1 II_~'I!~a~~1
i 1. c.olton and Butte pearl- ! '. . Per ct·l Per ct. iPer ct.! Per ct. Lbs. i Lb.r;. I

I itc 1 1 to 1_ ----- -.--- ----Ii :2 i 1 to 5. 0.00 I 0.00; 0.00 II 10. 80 i i)(.)O
2 I COlt01~ a!1d San Carlos '") 1:- I! i ... i
3 I , qual tz~te, tt? L

1

:; lIto ~ " .~ ~.~ I ...~ I 10 291 :)~~ I" I Colton, leglLal .,__ ~ i ~. to;" .4:; I ~.'(}, I g.::\) I 10 1,0 I ~Sa
4,. __ ._,do __ ;- . u ! 1 ~o3 ! .~~ I"j). 33.2D I 10 1~D, ,:AO
5 I Colton, fine ground ----I 2 lIto 2 : .00 I .OO! (a.) I 12 310! 4ti561'_·. dO_~ ._____ 31 1 to 3. I .00 I .00 i In) 12 170! 260
';' , C91tonand Butte pearl· r. I ~ I I! II ~_ !

! lte,ltol______________ ol1tol I .00, .OO! .00 10 ~O: 155
8 ! Colton aJ}d San Carlos I I,.., I I , '. I ... I

, quartzIte, 1 to 1 ... 3 ,Ito, .00 i .00 I .(X) I H'i nt}. I IS!>
H 1 Colton, regular . 0 i 1 to 0 .4:21 7.20 I 33.20 j IS! 615 I 660

10 !lInported ---.-.- -------- 0 i 1 to 0 I .80 7.80 i. 2fJ.33 , 18 1 345 I 525
11 i lrllported and sand, 1 I ! I I

II to 1_ - --- - - - - - - - ---- . - - . 2 lIto 5 I' . 00 I .00 ! .00 I 10 I 115 I 190
12 .do___________________ 2! 1 to5 .00 .00 I (a.) 10! 125

1

' 185
13

1

-----dO---.--------------- 3 ! 1 to ZI .(}() ; .00 I (a.). 10 I ~5 .90 I
14: do -I· 3 ! 1 to , . 0'0 i'00 I .00 1() 'I .}() I 140 I
15 Inlported,regular . ~ II Ito~ I' .80 I ~.8? I' 29.33 10 2~0 2~O16 do _ _ 3 1 to 3 .80 I I. 80 29.33 10 120 115

1 i I ~

a. Some left on 2OO:mesh screen.

NOTE.-Tho above cement stood the boiling test for free lime satisfactorily.
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Character of mixture.
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I I I Avera;:'
I Char~wter of lnixture. Water II crushing-

I !II-~-'_II stre~~til.
I Per cent. Tons.

I Stanch,rd Colton cement .. _. ,. _.. . _-" -. _. _. _.. ! 18 I 3.25 I
I Colton cement, 1 part, and ordinary testing sand, i I I
I C:I:O:'~e~~~~: '1' ~~:'-t: '~I~~-~al:~~~ ~~~~: ~-~~~~~~~ -! : I ~: ~: J

Crnshing tests "Tere also l1lade of 6-illCll ellbes of concrete after these
had been in11nersed for thirtJy days in ,vater. rrhe portions of the lnix
ture and the breaJ(ing strain in tons are given ill the follo\ving table.
In the lnixture the proport,ions are given by volUBle and not by,,-reigllt.

a'rushing tests of 6-inch cubes.

I Breaki~
I strength.

. ,----
Colton cement, 1 part; ordinary sand, 3 parts; pebbles from I Tons.

I c~:::e~~:~:~~; -~~~;; 's';~~: ~"~~~~~;' c~~~~~~ ~~~~l~~~~~~~~~I :~ I
ILCOltOl1 cement, 1 part; sand, 2 parts; crushed marble, 5 parts_I 20 I-

----------------------------=--------'

It is believed that concretes of approxilnately equal value can be
obtained by using celnents in the follo,ving proportions, 111easured by
voluIne:

Portland cement, 1; sand, 3; broken stone, 7..
Sand cement~ 1; sand, 2; broken stone, 6.

COST OF SAND CEiVIENTS.

In the Portland-celnent concrete made.in the proportion of cement
1 part,; sand 3 parts, and broken stone 7 parts, it llas been found that
270 pounds of ceUlent ,viII be required for a cubic yard of concrete.
'rhis, at 2.12 cents per pound, ,viII cost $5.72 per cubic yard.

In the sand-celnent concrete of the proportions 1 eement, :3 sand,
and 6 stolle, 340 pounds of COlnent ,vonld be required for each Cllbic
yard of concrete. This, at 1.2 cents pel' pound, \foulcl cost $4.08..

The saving in the cost of celnent to be effected by using sand CenleJlt
instead of the Colton Portland ,viII be the difference bet,veen $5.72
rlud $4.08, or $1.64 per cubic yard of this concrete entering into the
construction of the d~lnl. FraIn the total saving thu8 realized should,
bo,vever, be deducted the cost of the plant required for g~·inding the
sand celnent.
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(jonel'ete blocks cOlnposed of: the alJove IJi'Ul)()l'tioj}~,;~el'B {~l'u~~hed :~t

~le(j'illlTniY'el~sity j n 18DS, '\vith the follo\ving results: 1

Sctnd celllent~ 1: sand, 2; broken stone. 6: \yater, 20 per cent.
\'leight per cubic foot, 1;14 pounds. Crushing load, in pounds per square inch:

Seven days, G21 pounds; t\venty-eight days~ G3n pounds; sixty days, H70 pounds.

.A.. eoncrete of Gernlan I)ortland of the proportions of 1 cenlellt., ~

sau(l, Gbroken stone, and 20 pei~ eent '\vater stood a load of 728 ponnds
per square inch in t,\venty-cight days, and one of the saIne proportions
Inade fr0111 I:Cnglish J'>ortland stood CDS pounds in t\vellty-eight days.

~'ests for crushing strength on (j-ineh cubes of concrete, 111ade of 1.
pa.rt: sand eelnent, 2 sand, and' 3 parts gravel, ,yere Blade on concrete
tha.t ,yas tak:en fronl the bucket. just as it ,vas rea,dy t!o be laid in the
foundation of the (Ja.thec1raJ of St. .John the I)ivillC, in Ne"" 'York
City. Each result. is the average of the crushing strength of four
separate cubes, nlade l11HIer exactly the saIne condit.ions at different
periods:

Pounds.
7 days old crushed at ~ __ . . . . . , 77,162
14 days old crushed at - __ ~ __ . ., ~ . . _____ ___ .'_ 83.225

30 days old crushed at . - - - - - - - - - _.. ,_, _- - .- - - - - . _- - . - - - - - - - - -- - -- - - - - - - - 92,165

A]J1Jro:rbnate cost of l)lan t- for '1rl,aking sand ce'inent; CalJac-ity, 240 barrels l)er
fIventy-fou r hours.

.i:\ large 1',u1
the requisite
barrel. T'he
horsepo"rer p

One-half harrel
()ne-half barrel
C+rinding saIne
Itoyalty on acel

Total cos

'rhe cost (
souree of the

"fhe eost 01
in the above.

It i8 estilnE
delivered at
celnent, ,you:

1 From Canadian Architect and Builder, 1899..

In Inaking eonerete, if a good quality of stone be used, and the r9ck
be crushed so as to he ,veIl gradnat.ed (t", to sizes, tllUS securing a Inin-

'hnulll of voids, the cOlnpressive strength of the eoncrete increases as
the proportion of stone increases and as the VOlU111e of voids between
the stone decreases, and decreases as the proportioll of sand in the
lllortar increases. r-rhe rule, therefore, 1101<.18 that, to secure the great
est strength, lllix tIle Inaxhnl1111 quantity of stone\vith a Inininlllll1 of
sand 1110rtar sufficient to bOlld tIle stone together, the sand 1110rtar
l1eing ricll in eelnent. All extensive bed of exceptiollully good sand
for 1110rtar ,vas found near the Buttes, tl1e grains graduating in size
fron1 very slnall to large sizes. It ShO'''8 only 35 per cent of voids~

"\vllile the standard cement-testillg sand used in laboratories has 45
per cent of ,roids.

Crusher (required also for crushing rock for concrete) - _
ffIill for coarse grinding .. - __ ~ _.. . _
Tnbp Inill for finishing . ... _. :.. . - ;.. . __ ~ . _
Engine and boiler _. '.. . .. '... . __ .. .

, Setting up machinery ~ . .;, .. . . . __ . _
Buildings and bins .. ~ _. .. .. . .. __ .... . _

Total. ___... ,_ __ . . ____~ . . __ . _. ____. _
Cost of luill, per barrel of cement ______ . _. .. .. . _
Add for concrete luaking a po\v.er "mixing machine _. _. . ': _.. ~ ... __ . __

82,000. .00
2~OOO.OO

2~·500. 00
1,500.00
l~OOO.OO

1,000.00

10,000.00
.20

1,500.00

l~or the pu
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1,000. (Ii l

10,000,00
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('atol'ies has 4,··

J\ large tube lllill ,viII gl'illd 10 barrels of sand (~el}Jent POl" hour to
~.ltp requisite degree of finenc~s, at an estiJna.ted cost of 20 cents per
1Jarl'el. rfhe cost of pc)\\,el' for grinding is caleulated c'tt 3 cents per
h.rr~epo,Yerpel' hour at the dan1 site.

Cost of sand cent·cnt u~ith Pvrtla,nrl eenz.ent at $~8 ])er ba1'1'el.

nne-half baTrel Portland . . . .' .. . . . $4.00
()l1e-half barrel crushed and coarse-gro.und quartzite 0 • 0 __ _ _ _ _ _ _ • 18
Hrinding saIne in a tube niill . . __ 0 _ •• _. _ 0'. • • __ ~ _ _ _ _ .20
Hoyalty on account of sand-celnent patent 0._. __ ._ .,_._. ._.0 _0 .05

Total cost of sand celnent per barrel (375 pounds) . . _. __ 4.43

T'he cost of sand ceUlent per pound, quartzite being used as tll(~

sonrce of the sand celllent, \\?onld therefore be 1.2 cents.
'rhe cost of the lnill per barrel of cenlent, 20 cents, is not included

ill the above.
It is ,estilnated that the eost per barrel of Colton Portland celnent,

(lelivel'cc1 at the danl site ,viII be $8. "'rhis, for 876 ponnds ,veight
cEnnent., ,,!ouhl Blake the eCluent cost 2.12 cents per pound.

USE OF ROCKS AT THE DAM SITES.

11'01' the purpose of ascertaining ,vhether the rock.s at the dalu sites
could be used·iIl the Inanllfacture of Portland celneut the localities
"'81'(1 vLjto{l and sanlples ,,?ere obtained of those l'oek.s ,vhi~,h oecurred
in sufficient quantities to fnrnisll a supply necessary for rnanufaetllr~

ing the large H-Jnonnts of cenlent needed. In looking for the ra,v
lnaterials it 1llUst he horne ill lllincl that, chelnically considered, Port
la.nd celnent consists of a cOlnpound of .trica.lciulll silicate and dical
ehlln alU1l1inate, accolnpanied. by sInall percentages of fcnTate 'alld
sulphate of liJne and trac~s of alkalies. It is 'nInde 'by grinding and
burning togetJler either natural or artificial lui:xtnres of carbonate of
lilne and silicate of alulnina. I.JiInestones, chalks, or ll1arls uSllally
furnisll the carbonate of Ibn?; and ela,y~" are the o1'd inary source of
the alu111ina and silica. 1"'he luixtnres are burned at a lligh ten1pera
ture to a blackish clinker of a selnivitrified elutracter. After cooling,
t.his clinker is reduced by grinding to an 11npalpable po,vder, in ,vhich
fornl it is ]{no,vn by the generic nalue of Portianel celuent.

. ROCKS AT RI,TERSIDE DAM SITE.

I.Jitllestolle (No.3 in the follo,ving table) ,vas obtained near Riv'er
side, on the road to the I)ioneer lnill, ,vhere it is found in large quan
tities along the roadside. "'fhe rhyolite (No.4 in the follo\ving tal)le)
,vas found 2 luBes south of the l~iverside site. It offered the closest
approach t,o a suitable silicate of alulnina tha.t could be found.
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ROCKS .A.T S.A.N CA.RLOS DA.nl SITE.

[Chemical composition, in percentages.]

...4nalyses of rOCh~8 froln the 'liici'nity (~f the danlr sites.
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The liulestione fronl San Ca.rlos site (N"o. 2 in the following table)
,vas found to he a.dluirably adapted to the purpose of the danl eOll

structioll on account of its good specific gravity (,vhicll ,vas 2.7),
freedolll fron1 fla\ys, and siliceous eharacter. It occurs in 'last quan
tities, forlnillg, the abutnlents at the daln site. It forms bluffs,
extellding for several h1.1ndred feet, ,veIl located for quarrying. I.Aarge
Inasses lnay be enlbedded in tIle COllcrete, care being taken that they
be laid irregularl~y in the 11lass of the danl, and are ,veIl placed so as
to bond into a Inonolith.

The source of elelnents of silica and aluTuina. in the crude luatcl'ials
should, ho,vevcr, be sec1inlentary in eharacter, not igneous or rneta-·
11lorphic. The analysis justified a trial nlixture, and therefore O}}(

,,'a.s calculated and lnacle, but on burn ing the nlaterials failed to
effect the rt~quisite eOlnbination for a l~ortla,nd ceU1ent. r-roo largo a
percentage of tIle silica. ,vas in tho free or nncolnbinpd condition,
Fuel ":-a8 TH>tl to 1)8 found near the }{iverside site, and the Jllanufae
t1.1re of CClnent at this place is, considered ilnpracticable.

The arlalysis of the gray or bluisll limestolle (No.1 in the above
table) sho\vs fro111 its £1'ee<.10111 fronl lnagnesia and the sIllall pereent
age of free silica tl1at it is possible to Inake a Portland cernent ,,~ith

it, provided a s1.1itable clay can be found to furnisll the requisite
eleluents of silica, allllnina, and ferric oxide.

An extensive but undeveloped deposit of bitumiu<JUs coal is located
about 17 miles from the San Carlos danl site. There is a. ,vagon trail
to ,vithill al)out 6 Juiles of the coal beds, but after leaving the wagon
trail the only lueans of access \vas found to be a bridle patll over the

i i '. I' iii l i
'I I I I I I I I Lime i

, " I 1 Car- : Car- I A~u- I i per: :I I Color. i ;, ibonate' bon:..te' Silica I nllna ! :1\101S- Icent In I
NO.1 Natne. I ! Locality. Rp. gl.' f ,. I-' •• a '(S' -) I and . t I th,_ I

I I I 1(()'/·CI~Oe.:ol~n~I:">-: h. 2)·lferric: are' l car· i
I I : I a 3': llc SId.. i Ioxide.! :bo~ate!
i I I I I I: iofillue'l

-;- Limestone-! Gray ---I San carlos----I==! - 96.6.;l~~!~! 0.6.5 i~.J24 -I
2 ! .do , Pink I. __ ;_do ; : 2.709 I 55.92 I H~.OO 3:7 I 6.0 I 1.00 'S1.31!

, 3 : do . __ : Blue .! RIversIde 1 1 £l3.10! 0.00 4.7 I 1.4. ! ._!52.1a~) I

I 4-! Rhyolite .... ! \Vhite_-l·_--~do ------··--i ~.~~1 i 9.60 i-------- 60.91 12.6 i 16.90 i 5.370 I
5 ;. do .i PearL_.! Bn te~,- ! ... .t)bl !-.-----.;------ ... ----.---I-----_.:----_.-i--------II 6 i Limestone! Blue._ .. ' QueenCreeka_1 2.8J i 90.10 i 0.00 I 4.1 II 5.81 · __ -[-------.j

. 7 1----_do--_---j GraY j do --- 1 2.G7SI 55.50 I 0.00 34.6 1.3
1
-------!31.08!

! I. I' I _ I; j

a Fronl about It mile above dam site.
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hills. .l\.bont ten yeaTs ago nUlnerous prospeetol's~ loeatiollS '''''ere
lHade in the district, and shafts ,yore sunk at a sufficient n111nbe1' of
Iota-lities to prove t.he deposit to l>e of considerable extent. l\Iost of
1he shafts have beconle filled ",vitll debris, but several ,vere entered to
depths of 15 to 30 feet. They sho\ved the l)ody of coal to be in beds
having (~ dip of about GO°, the beds being frcnll 5 to 10 feet in thic}{
ness, not of solid fuel, but sho\ying seanlS of good coal inter1aid ,vith
~pa.nlS of slate and ,vaste. In the bOttOlll of the deepest shafts ,vas
found a good body of coal in a solid bed perhaps 5 feet tJlick. It
,vas reported that at the tiu1e the prospecting ,,"as done 011 the clainls
SOlllC 30 t.ons ,vere transported by "Iagons to the Southern Pacific
l1ai1roa.cl and used in the loconlotives, but that the eost of ulining and
transporting it to the railroad, ,vitl1 the crude means available at the
tilne, ,vas about $20 per ton.

Cernent could be lHlrned 'Yitll the coal. The rigllt to mine the coal
for the nse of t.he Governnlent in this ,york eould be secured readily
and at, a non1inal- cost. The cost of- l1lining and transportation to San
Carlos ,,,ould, 11o,vever, be .high. In general practice 120 I>ou,uds of
coal dust are used in burning 1. barrel of Portland ceUlellt.

1'aking as a basis coal delivered at the danl site at $10 per ton,
liTnestone at 40 ceIlts per ton, and elay at *1.25 per ton, the cost of
nUll1ufacturing PortJand cenlent. at the danl site ,vould a~proxinlate

-.:2.75 per barrel. ".fhe eost, of erecting a plant. ,vitJl an output of 300
\ ,barrels of ceUlent every t,venty-four hours ,Yould be $75,000. Sup

posing the anlOllnt of cenlent to be required in .the construction of ille
dan1 to be {50, 000 ba.rrels, the cost per barrel, if lnade at the site, ,vould
he approxilua:tely as -f01lo'\l8: -'First cost of plant, $75,000; cost of
Inanufacturing 50,000 barrels, at! $2.75, $137,500; total cost, $212,500;
cost per barrel, $4.25.

"Tith reference to the degree of reliability to be placed upon Port
land celuent lllade ill ne\v-localities, it Inay he said that the lnanufac
ture of this lnaterial has been pnt upon a scientific basis, such 'that
the nlanufactnring chenlist can predict the grade of celuent t9 be
lllade frOIn the given lnateria.ls and, by Ineans of analyses of 1larious
rocks, call calculate suitable luixtures to produce the required result.
rrhe unifornl systelll of testing ceUlellts recollllllendecl by the Anleri
ean Society of Ciyil Engineers a.ffords a reliable llleftllS of deternlining
the intrinsic lnerits of the proclnet. The old Inethod of buying
eenlents on the reputation of the lnaker has been suc(~eeded by tests
for deterluining the aetua.l value. Portland eenlent~ of Alnerican
11lake are being extensively luanufactured and are of equal or even
superior quality to the foreign-nlade celnents. During the year 1899
it is estilna.ted that G,OOO,OOO barrels of Portland celnent have been
used, of ,vhich fonr-llfths ,vere of llolne lnannfactnre. In spit.e of
this fact, on account of the failure to find suitable clays at tIle various

'. "tI",
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loealitie:-\ and also the diilieult,y o[ olJtaillillg' fuel, it is iJupraet.ieahjp
t.o lnanufact.nrp I>ol't,lal1<1 eernellt at the daHl sites.

It is ilnvort.allt, if }lortland eenlent is llsed at tj1C localities lllldpl'

eonsicleJ-atiol1, that tihe specifientions shonl(ll'eqnire it to be ground so

fine that not over 1 per cent residue shall rPlnain on a 100-1ne8h Sel'C'(·lL

l1eliable saBel cernent can be 111ade frolll the quartzite at San l;af'lo~

or tho pearlite a.t the I~l1ttes daHl site by grinding ,vith Colton (1)0I't

land) celnent. .i\ savinf,c\vill result at the San (]arlos danl site of Bl.lj·l
per cubic yard by luakjng sand cenlent on the ground, this being
exclusive of the cost of the plant for grinding_

'I~he location ,"\here the ,vater ,yhich is iJnponndec1 in the reseryoir
sites on the (}i1a }{iver \vould be used is prirnarily on t}~e Gila lli \Vel'
Indian }{eserYation, ,vhich has been described in previous pages of
t.hi s report, £11Hl "\vhich contains B57, 120 aeres of land, the greater
portion being irrigable. S01.1th of this Indian reservation, intervening
bet,Ye(~n the Southern IJacifie C~onlJ)any's railroad and the point ,vhere
the (j-i1a I~iver leaves the lnountains, there are Inany thousand acres
of lligh-grade agricultnral land suitable for irrigation. rl'he eliJnate
is adapted to the raising of diversified crops, the grade of the country
is nnifornf and suita.ble for the application of ,,;ater, and the soil is
exceedingly fertile. '"rhe river, ,vhieh carries a large anlount of sedi
lnent eont!aining nluny fertilizing 11lateria,1s, ,viII keep these lands in
a state of eont.inuous i)rodnetiveness_ "Tithout ,vater this land is a
desert and has no yalue. rrhat it is of 110 tangible value in its present
condition is proved by the faet that Inal1Y thousands of acres ,vhich
l1ave been tn-ken up a.t previons tiTHes u!).dpl' the desert-land act and
hOlnestead IH'vs have been perIllitted to revert to the (}overnment
before title ,vas perfected by the settler, even after expenditures had
been Illade on the land.

An exa.Jllination '\vas lnade of the records of the lTnited States land
office at 'rueson to deterlnine \vhat portion of this ttrea outside of the
reservation ren1ains public uCH11ain. 1"~he area in the valley of the
(j-ila bet,veen Duc1]eyvillc and Riverside ,vas also inspected, as thi~

valley should be segregated for reservoir purposes, and in case of the
construction of a reservoir at San Carlos a portion of its ,vater could
be used fOl' irrigation in this valley. Nineteen to,vnships ,vere eXall}

ine.d, and it -\vas found that BSH,211 acres therein are still publie
donlain and that 52,162 acres, lying luostlJT 11uder the Florence
canal-,vhiell eanal ha·s a very defieient ,,~aterright-is held in private
o,vnership. There is, therefore, tllree tiTHes the area of irrigable land
tllat can be ser\!ed on tlle Indian reservation alone and three tilnes
the area of pt~blic land off the reseryation tllat can be supplied.
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DISTRIBUTION C.ANALS.

Public and In'l~rate lands in the 'l,icinity of ]?lorence, .Llrizona.

DIS'I'RIBl.TTION CAN.i\.LS.

r------ I, Acres.

I Loeation. I
I

' I' Government. Private.

, -, j--'-.--1-- 4 (l

I
, T.·!- H., R. 10 E. -- - - - .. -- _•.. - - •- .•. -_•.• -- • -•... -: 18,400 'X, J40

T 4: R R] 1 E I ,>-:» ""'>0 ')')0

I, I: i,[: I[ !~~:::::::::::-:::::::::::::::::::::::I ~l[~ ,:::-I:I!:::j
!~ n~]Ji~~~~::-t~~:~~~~t~~L(:~TiJ lHi.oo lUi
T. () 8., R. 9 E --.---- -- -- ---- _--- ---- -.-- ---- -- -- __ I 24, R59. 26 486.26

I ~': a:i:n::::::::::::::::::::::::::::::::::::I ilm =~:~: --- i
~ TotaL ---- ------ ------ ---.-- ------ ------ __I 389,211.32 _ ,,2,162.26 I
L--=----_. .

Ll l'l'INCOT'l',]

I t is recolllluended, in case of tIle COllstruction of any of these
reservoirs, t.hat there be appointed a ]"ederal eOInmi~sioll to consider
the organization under ~"ederal la:\vs of an jrrigation district whic.h\
,,?ill inelude the lands that ,vould be irrigated under tllis systenl. TIlis
district sllould be orgallized ,vitIl proper officials to handle locally· t.he
division and the distributioll of the ,vater and for the c.onstruction of
the delivery canals. 'T'he .preparatioll of a eode of la.,vs for the opera~

tion of this district ,vouIcl be of great inlportance and should be under
taken jointly by Inelnbers of the engilleering and legal professions.

It is not the purpose of this report to definitely locate any canal line
ael'OSS these lands. 1'he construction "rould be elltirely ill earth and
exceedingly silnple. 'I'he bllilding of these canals eould be readilJT
undertaken by the. settlers and by the Indians. The eallalline to t,he
Indian reservation ,vould be uniforluly in smootll conntry and ,vith
an earth section. i\.. topographic luap on a scale of 2 inches to the
ulile, 'Yitll contour intervals of 10 feet, has been made of a portion of
these vall(?y lands. 1'his lnap delnonstrates the feasibility of buildi'ng
these canals. The Florence Canal, ,vllich diverts its ,yater at practi
cally the sa1ne point ,yhe~'e diversions of reservoir \vater ,vonld occur,
runs throngh the irrigable area ullder cOl1sic1el~ationand still further
dClnonstrates the feasibility and the practicability of the building of

. the eanals\vhcl'ever CirCU111stallces luay require.

..."..........
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SU~I~Lt\.RY.

1. The a'v'ailahle records of the c1iscllurge of Queen Creek at ""Thit_
low's ranch in(licates that tIlis stream would not afford a sufficiellt,
and relia'ble ",vater supply for the irrigation of an ~1:rea as large as
is reqllired for the relief of the Indians on the Gila River Indian
Reservation.

2. Because of tIle large alnount of annual discharge of water by the
Gila River and the lligh percentage of silt ",rhich it contains, it is not
advisable to construct a reservoir of slnali capacity on this streanl on
aCCoullt o~ the rapidity ,vith ,vhicll it ,vould fill ,vith silt.

3. In case of the constructioll of any of the da.lllS on the Gila River
the cost of putting the foundations c1o,vn to bed rock is one of the
principal elenlel1ts of expense. This cost ,vould be almost as large if
a snlall dam ,vas built as in t,he case of a large one.

4. The greatest ~eonolny to the Governlnen't, "\yhether tIle relief of
tl~e Indian alon~ is considered, or the gelleral development of the arid
lan.ds in tIle lleighborhood of tIle reservatioll is taken as a basis, lies
in tIle construction of a large reservoir. It is shown that the (}overn
ment can 'bllilc1 such a large reservoir, give ,vater to the Indians ,vith
out cllarging them for it, and sell the renlfl:inder of the ,vater
inlpollnded at SllCll figure as \vonld rapidly return all the original
investrllent Inade bir the }'""!ederal authorities.

5. In tIle c'vent of the construction of a large datu there ,viII be
bllilt up in the valley of tIle Gila River, ,vhere a desert 110\V exists,
a C01111llnnity of fully 40,000 SOllls, and th.e creation of lllany lnilliou
dollars of taxable ~~ealt,ll '\vithout perInanent outlay on the !)ar"t of the
GO'vernnlellt.

6. r.rhe eost per acre-foot of storage capacity of the danls as planned
in this report at t.he threfJ principal reservoir sites upon "lhieh esti
mates llave been luade is as follo,vs:
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~"ronl this it ,vill be seen that the cost of st.oring ,vater at the l)uttps
per aero-foot is B.5 tiules the cost at San C~arlos, a.nc1 that t.he cost at.
R.i\Terside is 2.1 tilnes the cost at San (;arlos.

'fho capacity of the reservoir, the eharacter of the fOlludatiolls at

t.he daul site, the conservat.ive an.d ,,:-ell-k!l(Hvn typn of daBl planned,

Location.

The Buttes. _.'~ . __ .. .. _.. _ . .. .
Riverside _.. _.. ... _.. ___ _ ~ w _

. I
San Carlos .. _.- - . . _. _.. _. _... _. _- __ . _[

\. () t --r~st per 1
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;tlld the eCOnOJllY of constrnetion all point to the selection of the San
Carlos reservoir site asthe place for the construction of the danl.

I'erhaps the lnost notable result of this investigation of the "vater
supply of the (iila Ri vcr has hee11 tlH~ diseovery of three large reser
roil' sites the existenee of \Vl1ich heretofore has lJeell unkno":ll. They
are t,ho }liverside, the San Carlos, and the (1-uthrie sites. TIle rela
1ive eapacities of these are ShO\Vll graphically on 1~1. XXXII, _B~

1'ho ar.gUJ11ent in favor of the constrllctiol1 of a reservoir for the
storage of the ,vaters of tIle Gila River by tlle ITnited States Goverl1
Illent is stronger, pcrhaps, than for any other project) ill the country.

1. r-rhe <..10verllnlel1t has expended large SUIllS of Illoney for tIle.
introduetion of irrigatioll on tIle India.n reservations ,vllere it is
(lcsired to educate the Indian illto agricultural habits as a lueallS of
his civilization. This isa ",vell-establisIlec1 and ,vise public policy"
and h<18 already been producti-ve of ruucll good, but is al,vays jll the
nature of an experinlent, and nlO1"e or less difficulty and UIlcertainty
is attendant UpOll the atteulpt to induce t·he Il1dians to accept tllis
nioc1e of livelihood. III the pr.esellt case we have a tribe of Indians
\vho Iluve for centuries been engaged in agriculture by irrigation, and
\rho ,vere until reeentl~y the only suceessful irrigators ill Arizona.
'rhese Indians have been deprived of their ",Yater S11pply through the
agency of the ,vhite nlan, directly encollraged by the Ullited States
GovernllH~nt,. It is an irnperat.ive obligation of honor that their sup
ply should be restored to tllenl, and the only practical 111eanS of this
restoratiol1 is bv storage on tlle Gila River. III addition to this, there
is held Ollt the certaint~)' tllat uilless this is done these Indians \vill
j'etrograde fronl a. conditioll of. industry and. prosperity to one of lllel1
<1icancy and v"'ice. Instead of an uncertain possibility of elevating a
s:lv'age tribe, \ve are confronted ,vith the 11ecessity of preventing the
destruction of a eivilizatioll alreaO.y· attained.

2. It is practica.lly certain that the storage of the Gila waters will
never be accol1lplished by private or corpora,te enterprise for three
reasons: (1) The direct financial returns are not sufficient to induce
so large an investlnent of private capital; (2) the unquestionable
legal right of the Indians to a large qnantity of tIle ,vaterof tJhe Gila River
\\~ould be a perpetl1al ClOlld upon the title to the ,vater in the hands
of a private corporation; and (3) the land to 1)8 benefited being
Illainly in pllblic o,vnership, there is no 111eanS under present la\vs by
\\-hie}l a private cOlupany eould realize the full bellefit of tlleir
Ilnproyelllents.

:3•.A.rizO'na behlg a Territory, t.he ,vater rigllt is entirely under na
tional jurisdiction; the only lnaterial 'private lien 011 tihe right is the
right of the Indians, 'V}lO are ,yards of the Governnlent, and this is
esselltially a Goverl1lllellt right.. The objeetioll apIHica.ble in some of
the St.ates, t.hat the jurisdiction of ,vater rights is entirely in the hands
of the State and would prodllce a conflict of authority, does not apply
here.
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4. The Governlnent, being the o,vner of more land under the C:lll;\!

than can ever be ,vatered by it, can entirely control tJle appropriati(ll!
of the 'values ,vhich ,viII be created by the construction of a rescl'\·oir
and Call elltirely recoup itself for all expenses incllrred, and thus d i.~

charge its obligations of honor \vith no expenditure except the ut iIi
zatioll of its o'\vn natural resourees. It is 110t a proposition for 1hI'
Governlnent to expend TI10ney for the benefit of pri\ aiie indivitluti Is
nor of any particular section, and 11ence is not cornparable with ri\'(.r

/. and harbor ilnprovements; although the gen(~ral bene1its are so COI!l~

parable, as ]lomes ,viII be furnished at lo,v rates to tllousands of ind tl~.

trious people', 'VI10 ,viII COllle froin all parts of the country, and a f(Jl·.

bidding desert will be trt~nSfOr1l1ed into a ricIl oasis and a large COll!

IUUllity,vill be thus practically added to the domain of the lTnited
States.

5. Gila River rises in New l\lexico. .L~s tIle InaiJl body of the basin
is ill .L\.rizona, inter-State cOlnplicatiollS Inight arise in the future ill
case the reservoir' ,vere COIlstrncted by private or local enterpl'i:-,p.
With these questioilS tl1e National Government only is competent to

c?pe. 'I'hus, frODl all POiIlts of vie,v there is ever:y~ reason ,vhy thi~

reservoir should be c.ollstructed by the National (-}overUlnent and II()

reason ,vh~y it should Ilot, \vhile it, is not only ilupracticable but~ ellii
nentl~y' inadvisable for private elltlerprise to carry outl the projeet.

6. Owing to the erratic nature of the Gila River less thaIl 3 per cC'ut
of its ,vater near ]'lorence is 110'V being used for irrigation, and the
area.s 110\V irrigated suffer intensely froll1 Sll1111uer drouglltS.
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i - Financial SU'i/l1nC!1--Y of reS1Jlts.

'rotal water supply to be delivered to the point of diversion from San
Carlos reservoir for irrigation each year ~ , .' _..acre··feet ...

Ultimate requirement for Indians . _. .. __ . __ . . ...do. _
2"11, BfH1
40,000

Remainder available ror irrigation of public domain or private
lands. __ .. ~ .... __ .. _. ____ _,.. _... .acre-feet. _ 201, aUG

Assulne a duty of ,vater of 2 acre-feet 01'24 inches in depth used each
year on each irrigated acre: this \~loulc1 permit the irrigation of 1~11Hls

outside the. reservation to the extent of _. _.. . .. __ ..acres .. _ 100, G!l8
There are 889,211 acres of aTic1 public land in the district to be supplied'

froID this system. 1\.SSlune that the '\vater is given to the Indians
without eost to the Governlnent and that these lOO,H98 acres Inust
pay the total cost of the yorks, then the necessary charge per aere
for the relnaining \vater rights to be sold \vonld. be ....... .. .. $10. ~,!

It is believed that the public lands \vith this ~Yater right could, at
this rate, be sold \vithin a year.

If 3,GOO Indians have to be fed by the (to,,"ernl11ent at a cost per ration
per 'day of 10 eents, the annual expenses ""vauld be . . _.~. .. ____ $10H, 500

The capitalization of S100, GOO at ~1 per cent \\'ou1d represent the practical
pernlanent expense of feeding these tribes. This is equivalent to a
permanent Ci-overnlnent debt; \vhich ·\vould be liquidated by this eon-
strnction, of _. __ ~ _ . __ .. __ . ~ _... __ . ... ., . .. _____ $2, 7B7, 500



I~J~C(»)I1\Il~NI).l'\.rrIONS.

Total increase in val ne, \vithout public expense .... .. ';' ~ 772,400

There \vill also be a large jnerease in value of taxable to,\vn property, not esti
luated upon.
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RECOl\I~IENDATIONS.J .IPPIl'COTT.]

The value of the 100,698 acres of irrigated public lands that ,vould be
taxable Y{onlcl be $;jO per acre, or a total of .. " ._ .. $3~034,900

Tho saving~ '\vithout expense to the (j.overnlnent, by irrigation of 20,000 '.
acres of lands belonging to the Indians has been sho'\vn to ue_ _______ 2·,7:3'7,500

1. Inl1nediately ,yithc1ra\v fro111 entr~y" all the Jands that Inay be irri
gated frolu this sonrce.of supply pend ing further aetioll by U.ongress
on this 111atter.

2. Segregate all the reservoir sites on the Gj]a Riyer that lllav be
u~nd for tJ16 irrjgation of these lands. 'rIle 13uttes and Queen Cl'ee]{
]\-sel'voir sites have Hl],E~ady been segregated for this pu l'pose, rrhe
l1i versiCle, San Oarlos;\ and (jutJlrie reseJ'\'oirs should also be set aside.

B. nlaintain observations on the (.j-ila River. '
4. Construct the Sa,It ()H..l']OS dalD.
5. (-}ive the IJldial1s the 'yater "'hieh they require ,,~ithout eharge,

the (iovernlnellt to reeoup i.tself for all expendit.ures £1'0111 the sale
of the l'ell.1aining ,vater rights>

G. l~orl11 a li'ecl.eral jrl'igation district for fhe eli'vision of the \vater,
,,-hich is t.o be deliyere.d to the )l(~a,d of the il'J'iga1"ion e(u)als~ for the
construction of these c.anals, and for the general adlllil1istratiorl of Lhe
district.
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