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liS edition of THE COLORADO RIVER is 

trsued in advance rf its publication as a CongreSJional 

·1ocumeut in respfJme to an urgent public demand for 

copies, m.Jny oft/u?m for rf!icial re'viev.:. The document has 

not been fr,msmitted /f) the C':lngress f(Jr consideration, nor ·will 

it be, unH! certain States and Federal ojficials who are no·w 

t·evie"..dng it l1aW added their •u.:ritten comments to the text 

that ,1ppears here. TVhen tl1e report i's publisheJ as a Con

gres.rional Document these commo1ts 'l.vi/1 be included,. or. will 

appear in a supplement:Jry "Jolume. 
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1•roposed Report of the Secret;1ry of the Interior 
UNITED STATES 

DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

WASHINGTON 2.J, D. c. 
he SECRETARY OF THE JNTERlOR. 

}UNE 6, 1946. 
SIR: I submit herewith a report dated March 22, 1946, 

1 the Colorado River, which is a comprehensive report 
n the development of the water resources of the Colorado 
.ivcr llasin for irrigation, power production, flood and 
lt control, and other beneficial uses in the States of Ari
>na, California, Colorado, Nevada, New Mexico, Utah, 
nd Wyoming. 
The report includes a description of the basin's re

Jurcr>, its needs and problems, and its present and po
ential de\"dopment. Projects for future development of 
he water resources within the natural drainage basin are 
!.'ted and their over-aU results and benefits summarized. 

j ,t'~ojccts f~r the ~portation. of water from the Colorado 
,{t\er Basm to adJacent basins are also discussed. 

, There is not enough water available in the Colorado I ;{iv~r system for full expansion of existing and authorized 
proJects and for development of all potential projects out
lined in the report, including those possibilities for ex
p0rting water to adjacent watersheds. The formulation 
of a~ ultimat.e plan of river development, therefore, will 
reqturc selectton from among the pDS~>ibilities for expand-

' ing existing or authorized projects as well as from among 
the potential new projects. Before such a selection for 
ultimate development can be made it will be necessary 
that, within the limits of the general allocation of water 
between upper basin and lower basin States set out 
in the Colorado River Compact, the Colorado River 
Basi~ States agree on suballocations of water to the in
dividual States. 

I concur generally in the recommendations of the re
gional directors as summarized in paragraph 70, page 22, 
of their report.1 I hope that the Colorado River Basin 
States will recommend for construction, as the next stage 
of development, projects for which the strean1 flow depl~
tions will assuredly fall within the ultimate allocation of 
Colorado River water which may be made to the in
dividual States. I hope that the States of the Colorado 
River Basin will agree on suballocations of water within 
the limits of general allocations made by the Colorado 
River Compact. In addition, I suggest that arrangements 
be made for Federal participation in any conferences 
among States relating to suballocations of water. This 
will be important to insure that the Federal interest in 
over-all development is served fully. 

The 134 potential projects or units of projects as de
scribed in the report are in addition to the existing and 
presently authorized projects or extensions of projects. 
Their estimated current construction costs are as follows: 

1 These recommendations appear on page 21, Regional Directors' 
Report, this volume. · 

Potential projects in the Colorado River Basi11 

Project and umt 

tpper basin 

.'31ll11Ptt(' 
",~,t si·ci~.---:. ::-
lhlniPt. ___ _ 
Ftkh<>rn 
Paradi"'<:-
Ldq, :·· 
I"''' r 1\1~ :'l\inlv 
lnl\at"" 
Fnnl"'';.ll .. - -
~l"t'ti"-k3dPt' _~ 

,)J,:tL __ _ 
l.\ P1nn _. 
l!,·hls.., F•,rk __ 
ll·'ll\tlt!J; {~ql'l!l.: ~ 
! ·, 'l C'·tny()n . ~ ~ . 
1 ,tt!t' ~J.ah.~· Rin·r~-

~~\·· ,·,,,),flnte<4 at ·~rul qf taLle. 

L•>CIItion oC projret Sourre of water supply I Pur(X\'le 10 be St'rYC<ll: EottruP!Ril t'utl'l'nt 
1 construt:tMn ('.O~ls 

-~---- 1-' 
· · W yomb•g......... . .... 1 c..,, Ri~•....... . . . . . . . . . . .... , I. F, P.. "'· 400, -~ 

•• li:- ....... ~Ylti~~t;;~<~;)y-; >~! nf;; .. __ _ 
-- do. ··j Fontcncl_le Cnoek......... ----:I. F ...... -·'· 

~1:~: _::! ~~~~~~~~~~:~::::_::::::::::::_: L,-_-_ --·::··--
.. do_ . ---1 Blacks :Fork, Stniths Fork •. --------. I,~~----· _ 

Wy.llning, Ftah... · Henrys Fork ~ 1 I• 

r"t~~i~":::: ::: :: ___ -i_?_r~,~~o~~~~~:::::::::_:::::::::::. t: f_i(s.:::·· 
\\ yotniug, Coinrari•J. __ •• ' Little Suakl' River tnlmtaric~....... I, P, F. 

.;. iliO, 000 
1\, !•2.~.000 
::!, ::~:.:.!, oon 

lil. 0\IO.ll\)11 
ti, ;\I ill, 00>1 

i '4, 411\J. onu 
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Potential projects in the Colorado River Basin-Continurd 

Project a.nd unit I 
-----------,--------

i . I · 

I Source of w&ter su. pply , Purpose to bt s.r>ed 1 i E,tlrnatr-q C·l< '''D t 
\ CfJ(.I;}{fUI:tJIJ!i ~·lr•[S 

I ,-------,----------

t")'l~;p;:l:::~~::~j~-~~~ --- Colorado ••.. -~.--.-- ___ , Yampa Rim----------. __________ , I, F ___________ .j S3, 680, 000 
\\~~t<.-18 ........................... do ••••• ------------~'-----dO.--------------------------~· I, F .••• -------- 1, 7iiO, oon 
~_lount !Iarris ....• :-~. __ .•.•. __ ••. do ••••••••.••• ___ •. 

1 

~ributaries of Yampa Riv~r •• _. ___ .
1 

I, F ----- _. ___ --1 5, 280, 000 Great .:\orthern ______________ •••.. do _________________ Elkhead Creek and Elk River _______ , I, F____________ 4, 320,000 
Yellow Jacket •••••.••••••••••••••• do ................. , 'Ylute ru--:er and Milk Creek •••• ----1 I, F •••• --------1 7, 520, ooo 
Deadman llench ______________ Colorado, Utah .••••.... )amps River.--------------------~ I, P, F, H, 8 .. --1 38, o~o. oon 

flf:~i~~:i~ ~ ~ ~ ~:: ~~ ~: ~: ~ : ?t;~~~~= ~:~: ~ ~~ ~ ~ ~~ ~ \~d~~~~; ~: ~~ ~ ~ ~: ~ ~ ~~ ~: =~: ~:: ~ ~ h~~ ~ ~ :: ~ ~ J ~ Fl: ~~ 
Piceanre ••• ---------·-------- ••••• do ••••••• ----------1 Piceance Creek ____________________ ! I, F. .•• --------1 1, 280,000 
!lto?n Lake exten~ion _________ Utah ___________________ Duchesne River and tributaries ______ , I, F____________ 12,640,000 

~~~~;~~~J,~e.k::::: :::::::::.:::: :::::~~::::::::::: :::::: ~~h~~~~\i~~~:: ===: ::::::::: == :: ~: ~ ::::::: ==: j 8, ~~g: g~~ 
Mo~bY--------------"------- ..•.. do _________________ Deep Creek, Whiterocks River ______ I, F .•.. --------1 1, 760,000 

~i;~i~~~~~~i;:::~:~:~~ ~~J~:~~~~~=~~~~=~=: :: ~;:~~~~t;~::: =~=~=~::::~: !J:::::::::::: '· llU~ 
Echo P~:~rk ........... --------1 Colorado •.• ------------~----~do ___________________________ P, F, H, 8...... 68,800,000 
Split Mountain ............... Utah .... --------------- ..••• do.-------------------------- P, F, H, S...... 36,800,000 
Emery County __ .. _________ --~-- __ .do .•..•• _.......... Cot~nwood Creek ••••• ------______ 1,· F------. ___ .. 4, 000, 000 

~f.1~~~~~~~;ri~::~~~= ~:~j_: :J~:~~~=~=====~===J ~~!;~~~~~~====~:::::::::j.l ~~i~=~~~:~ ~: it m: m 
Trouh1,..8ome ••••••. ---- -~ --~. Colorado •. ___ •.•. _._.·.. Troublesome Creek ••....• _._ ... __ . I, L .•.. _ .•• _ _ _ 3, 536, 00(1 
Muddv Creek ..................... do ................. Muddy Creek •••• -----------------1 I, F____________ 800, OOC 

~:~~~rSien}~0-~-----===: :::::::::: :: ===~~==== =::::::: ::::: ~~~=~ ~~=~~-----== :::::::: :=-::: :: f. -F·-~=~== :::::: 6
' ~~~; ~~~ ~attle Creek. ___ • __ ._ ... _______ ..• do. ____ .••• __ .... _. Cattle Creek _____ ----- __ . _____ •.. -j I, F----- •. _ ... _

1 

688. OOC 
Capitol Creek ••..• __ ••• ---- •• ___ .. do ..• _-------------· Snowm81's Creek.---------._------ L ....... ----- _ 208, 00( 

~1.g~:-=~ ~~ ~: ~ !j! =! = =! ~ ~- ~; ~ ~~~!~~: __ j= -~: !;:= = _ ~~E~:tt~=---_ ;-; ~ ~;; ~- 1: n~~ ~~ -~~ -;1 . ~ ~~: m 
Grand Vallt'y Extension ••.•.•• , ...•• dO----------------- Colorado River ____________________ 1. .. -----------J 66-l, 00( 
Ci,co.Thumpson .••• ---------- Coloradv, l:tah __________ Colorado River'------------------· P, I, F, H, S____ 54,784, 0(1( 
Tomichi ()reek ••• ____ •• ___ ••• 

1 
Colorado ••••••.•.•.• _._ Tomichi Creek. ___ .-------. _____ .. I, F ------------! 2, 976. Ofl( 

Cochetopa Creek.-- ••• __ .---- ..... do •. _ .• _._.---- __ •. Cochetopa Cret>k. ----.------ .. __ __ I, F------ ...... l l. 840. 001 
Ohio Creek •••• ---------·---- ..... do _________________ Anthracite and Castle Creeks _______ I, F------------j 1, 728.001 
take Fork ••. ------------··-- .•••• do •••••.•.•..••..•. Lake :Fork ________________________ P. F___________ 2. 080. OOt 

Loc'lll ion of projr~:t 

F<apinero ____ •••.•• ___ • _______ •• __ .do ........... __ ••• _ Gunnison River •••••. --- __ • ___ • ___ , P, F.---------.: 12, 480, OOt 
Fruitland ~r ... a •••••. __ •.•.. _. _._ .• do .• __ .. __ • __ •• _ .. _ Curecante and Sapinero Creeks ..... -~1. F •. _ ... __ .. --1 5, 600. 001 
~mith Fork ....................... do _________________ Sn.ith Fork _____ ----------------- I, F.-----------1 3, 520, OW 
PaoniB---------·------------~-----do ________________ ~ East 1\Iuddv Creek and North Fork. I, F ____________ l 2, 240, 00• 
:'lliunt..,o~a ........................ do ................. Minnesota Creek .................. , J, F------------ 1, 312, OOt 
l.<>roux Creek. •••......•.•.•....•• do _________________ Leroux Cret>k--------------·------1 I, F------------1 4, 4'l0. OOt· 
Grand !'.ll'SB.- ----------.---T -·-.do •••.. ------------ cc~:enkt~- Surf~ce, and Tongue I I, F ------------I 3, 072, OOt 

Ourav .... _____ ..• _. ____ . _ .. _

1 

__ ... do .... _. __ .----____ Uncompahgre Rtver •••... _ ----. __ _ P, I, F ------.J 6, 560. 00 
Rcrlltiuds ......................... do •.•..•••.•.••..•. c:unnison River-------------------1 I, F.-----------1 587.00 
!'anrl'r Vallry _______________ T ____ do ................. Di~appointmeul CrN'k ............. 

1 

I, F------------1 1. 50-t. 00 
~ucla._ .•• _ •• ____ ..•• _ .•• ___ 

1 

__ ... do •...••••.•••• _ •• _ Horsefly an~ Cot_tonwoorl Creeks.... I, F------ ....• -I 2, 400. 00 
!'au :'lli!lueL ••.•.•••••••.•••...... do ................. Anti!'r~on, 1'\atunta and Dry Creeks, I, F------------1 10, 5-H, 00 

j and ~an !\ligud River. 1 

Werot Jlaradmc ...•••.•••••.•. , .... do ................. West }>arado,;, Deep, and C.e~·~er I, F............ 1,024. 00 

~t~~·:,:~.;::::: :::::::::::: !:~:·~~~:::.::: ::::::::::1 -~~1~~:~~:-:::: ::::::::::::::1 f: f:_l~: ~::::::! ~ !~: ~ 
l111tch Crr•t·k. _ ........ _____ .. I._ ..• do •.••...•.•.•.•..• ,Hatch Creek ... - •..•. -------·-----, I, F ------------~ t\40, 00 
lhtkr-('ilama-:'\avajo •..•••••. ,' Culorado ••.• ~---···--·· !\avajo Rin•r ..•• ----------------; I, F............ 2. !103, 20 
i-~ruu h ~1w Juau ••••• _... •• .. . rpw ~v·xiro ..•• _. _ ... __ 

1 
Fan ~uan River •••• -.----------·--~ ~· F .••••. ---- .. 

1

. 56, 0~~: ~~ 

~;~~r.~;la;.-~;k:: ::. __ : :~:: _ :: -~1 _ ~u!~~;-~:::::::::: :::: ::· i·i~dr~Iii·,~er:::::: :::.::::::::::-- 1::::::::::::::. 1. 40~. oc 
llnmu~<nuL. _ ..•.•••.•• ---i :\t'W 1\lexico .••• - .• ··---1 ~t\11 Juan R!wr •• ••.... --.---- -· L __ - ----·-----~· l, 160. 0( 
l'lluju1wk______ ·-----··--·-~---··do .•••• : •..•. ____ '!'1m Juan R1ver ................... I. F. .. ----·· 33,:'-::!.i,li( 
~nu·nd•l l11kl'..... ·-·--·- Colorado •.••......• 1 l'ineRiver ••• --------····------ P,F ..•..•.•... 

1 
\1,9::!0,0( 

l'iut• lti\'l•r E:\tl·ll,iun .•••••. _ .. C'ulnrado, New 1\ll•xir,J •• 1··-··do ••.••••. -·--·------------·. L .. -- -------- 1 2.\1:36, Ol 
ltnridn.. . ............. i C'oloradv ........ __ .. : }'loricl& Hi\"er............... • I, F.-----·-----

1 
3,tiM,OI 

A "'"'u•-Lt•l'l:l!tL.... ('11lorndo, !\cw :\lcxic•l.. A11imi\S and La Plata Hi\'ers ••.. _.. 1, P, F, R .••.... 1 101, f.lo">4, 4l 
.\! .. Lim''·····---·---··· ____ Coi<~rac!o ............ : MrEimo Crt'<'k ............ ----- l, F ............ ! f.l2-l,01. 
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Pote11tial projects in the Colorado River Basin-Continue~ 

Projm and unit Souroo o! waw supply I Purpose !Q be served 1 I Estimate<! f'ment rou:mucllon oosts 

t:~p~r basin-Continued I 1 l 
'.lt~nl<'zurua Valley Extension .•• , Colorado •.••••.•••.•••. Dolores llivcr •••••..••••••.••.•.•. 1 I, F •••••. ".,... S2, 080,000 

l:i:!~:i~~~---:~::: :::::::: .. =:::I t;~!h~-~~~-~t_a_~~:: ::·: :. -R-e·r~~~~~~~-c;~~~ === :::::::::::::: ~: ~:~:~::: ::::: 19
• ~~~: ~&g 

);a,·IIJO ln(lian Project. ••..... Colorado •.•..•••••••••. : ~an Juan lti\·er ••••••••..••.••••.. I, F, S.......... 4, 6-50,000 

f~~:~;c~:t·~(-i ~ ~:: !i!t•'-"~!:::;;:!- _!: ·~ -: •I• ~~~li ~;,_;;: :; :: ;~- ;_ :~: :::- r:~J;I~m~!! I ~: m: m 
brulantc ••..••••.•• __ ..... ·t· ... do................. Escalante River ••• _............... I, F .••......•. -I 1, 440, 000 
Jhrk Canyon ••.•.••....•.•.. 

1 

..... do ••........••••••. Colorado River ••... --------------- P, F, S, H....... 168,000,000 

;;~~~~$~;~~~~~-G-riJ::: == _ .: :::: _ ~:~~~~~= ::::::::::::::: .:::::'"::::::::::::::::::::::::::: -~:·:_~_H:::::::I_l~~~~ 
'""~:::; :::: ... ,._ -r-_ _ _ _ _ _ _ ___ _ _ _ _ _ ____ , _________________________ 

1 

________________ 

1 

•• 471. ,,. ,., 

t'nowfhkc .................. - ••••• do •••• J •• ------- ••• Show low and Silver Creeks.......... I, F, S ........ --i 4, 160,000 
!:lark Creek_ •.••..•. - ..••• -- .••.• do •••••••. ----..... Black Creek •••..••••••••••••.•.•• j I, F, S •••••.•.•. i 2, 880, 000 
lh_>lbrouk ......................... do •.....••.••••••.. Little Color,ado River •.•.••.•.•.••. i I, F, S, C.------j 2, 080,000 
\\ mslow ---- ..... -....•••••.•.•.•• do ••••... -----_____ Clear and Chevelon Creeks .••.•.••.• I, F, 8 ...•.•••. _ 30,400.000 
I\anab Creek •••••. _ ......... -• __ ••• do •.. ____ ... __ •• _.. Kanab Creek •••• _ •••••.• _. _ •.•••• L. _____ . _ .• _. ! 320, 000 
Hurricane .•••. --_ ..• _....... Utah, Arizona........... Virgin River .. _ ..• _............... I, P, S, F. •••.. _J H, 720, 000 
l'~mta Clara ...• -.-. ___ ..•••.• Utab. ..•••..... _ .. •• .... Santa Clara River................. I, F, S ..•••••.• ·j 2, 720, 000 
Panaca \"alley .••.....•••••..• NeYarta ••......•..••... Meadow Valley Wash ••.••••...•••• I, F............ 2,0F.O,OOO 
'.f,ulpa \"alley ••...•.••••••..•••••• do ••.•.•..•..•••••• Muddy River ••••••••.•.•••.•.•.•• I, F, 8 ... ------- 1, 120,000 
:\loapu Valley Pumping ••• ___ ••..•• do................. Lake Mead ••••••••. _____ .•••••.•• L •. ___ •••..•. _ i 4, 480, (100 
:ltarhle Canyon-Kanab Creek.. Amona ••...... _ .•••• _. Colorado River ••••••••••••••••••.. 

1 
P, F, S, H........ 611, 200, 000 

~~~~~~·~-:~;~: i~Jl::::::l!i!!i~:i~~;~~~~~~;·;~::::l:::::ll i]ill'lHr~::~ '::: 1: I 
Pal(l hrde :Mesa _____________ California .••••.••••••.. j Colora.Io River ••••••.•••••••••..•. !.............. 4, 960,000 

~:;~:;i\';~t~~~~~-~~==: ~==::::: :: . ~~~~~~~:::: :::::::::::: ·ai!~~~~;r~=== :::::::: ::::::::~::: }~-fi~:::::: ::::j ~1: ~~~; ~~g 
~ver r~ct1fication and controL. California, Arizona •••••• Colorado lliver ••••..•••••••••••••• , F •••••..••..•.. ! S, Otl\), 000 

~.mal Anzona ..•.•••..•• -. •• Arizona .................. ___ do .•••• __ .•••• _ •••. _ ••••• ____ I, F, P, M, l' ... _

1

1 692, 4SO, 000 
l'alt RI\"H 

Pararli,.._, Yallt•v 
:'aa Carlos · 
Charle<ton i 
Satf ord VallPY ' 
:-IM1 Franci•~o I 
D11nran-Vird~n Vall~\· j 
.\rw i\le-tiro · I 

{'Hhin.o Valley------ •.• --- .•••.••••• rio •••• -----_....... Granite and Willow Creek ••••••• ___ L ••• _ •• ____ •• -I' 240, 000 
a~oa,·ampa d H R" I F 10 6'0 ooo 

1 · .. -G-~l·-----------1---·- o................. a.ssa.yampa 1ver................ , •••••••.•.•• , , -., 
ranomi,.,IOD r1r _. ___ .•...• -~-. _ •. _ •. _ ••••• _________ . __ • _ ------------- ________ .• _____ • _ •••••••.• ____ •• _ 288, 150, 000 

~~~~~.lalc~~;;r, n~!~;r· -- --------------. ·--- .. i-- -~.- -----.-------------------- --~----. -----------I~·~~~·;~~· g&~ 
Ba•in. ~------------------------~--------------------·--·······--·- -----------------~ 3, • ' 

btimatCl! of the annual benefits from construction of 
the _above potential projects have been made for illus
t:·-ttJ\e purposes to show the probable economic justifica
tion of the ultimate comprehensive development. On the 
b.t>l~- nf average annual benefits and annual cost~ based 
Oil 1 llrrcnt prices the ratio of benefits to costs is approxi
mately I .00 to LOO, which is a conservative e;timate. 

There are, in addition to the projects listed in the 
foregoing table, six existing Indian projects which now 
ha,·e an irrigated area of 2,4 70 acres. It is pl:umed to en
large these projects (Fort Mojave, Havasupai, Hualapai, 
Hoj'i, Moapa, and t:ncompahgre) by an additional irri
gable area of 30,200 acres which, when compbccl. could 
came an estimated depletion of 73,000 acre-feet ~nnually. 
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Sufficient data concerning these projects were not availa
ble to warrant their inclusion in the table, but their deple
tions, which represent less than oue-half of one percent 
of the total depletions, should be considered in any al
location of water. 

The Geological Survey has broad programs of geo
logic investigations and topographic mapping in the ba
~in similar to those outlined to obtain basic hydrulogical 
facts which will contribute importantly to sound economic 
de\clopmcnt. These surveys and investigations should be 
prosecuted actively l'o that data secured will be represcnt
atiYe and adequate for the needs of planning and denlop
ment. 

The report is submitted to you pursuant to section 9 
of the Reclamation Project Act of 1939 (53 Stat. 1187) 
and pursuant to section 15 of the Boulder Canyon Proj
ect Act ( 45 Stat. 105 7). Upon clearance with the af
fected States and with the Secretary of War, copies of the 
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·port, together with comments, if any, uf the affected 
tates, and of the Secretary of War, will be subrrtitted 
JJ your tran,mittal to the President and, sub~equently, 
1 the Congress. 
I recommend that you adopt this report as your pro
.ed report and that you authorize me, in your behalf, 

to transmit copies of this letter and of the attached pro
posed report to the affected States of Arizona, California, 
Colorado, Nevada, New Mexico, Utah, and Wyoming, 
and to the Secretary of War in accordance with the re
quirements of section 1 of the act of December 22, 1944 
(58 Stat. 887). 

Respectfully, 
WILLIAM E. WARNE, 

Acting Commissioner. 
ApproYed: june 7, 1946. 

OscAR L. CHAPMAN, 
Acting Secretarr of the Interior. 

I 



Regk5rial 

Directors' 

Report 

"There i.s 1.r.~1 enough fi·ater a~·ailable in tlu Colorado 

Rh·n· S)'SieJ?l fa,·ju!l expansion of existing and author

ized projects a;1,/ for all the potmtial projects outlined in· 

the ,report . . . [ Tlw4ore . . . it is recommend:'d] 

. . . "That the States of tlze Colorado Riter Ba.rin, · 

acting separate~\' or joint~\'' recommend for C0 1Jstructio11, 

as the next stage of de-.:elopm~nt, a group of projects, the 

streamflow depldiuns of u:hich ".:.:ill aJJuridL> fall r.citlzin 

ultimate allocations of Colorado Ri::n· 'Xaler r;,·hich ma_y 

be made to tlze indi::idua/ States. 

. . . "That the States of the Colomdo River B,uill 

detmnine t.heir respective rights to deplete the f/ou· of r1:e 

Colorado Rir.:er co11sistent u:ith the Colorado Ri-;;t'r 

Compact . ... 

"In the Colorado Riter Ba.rin arable land a:itlwut 

u:ater is u:orth $1 to $5 an acre. lmprc~ed and i11·igatcd 

it tcould be tw1th $75 to $300 an acre. The redaimir.g 

r/ 1,500,000 aeres u·ould prvbt.lb(v add more t!um one

quarter billion dullars to taxable r:alues and supplt'tJun!tll 

u:ater for 1,100,000 acres trould furt/;tr n:pand t.~c Jux

liase from 50 to 100 million dollars." 
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Regional Directors' Report 
V:\ITED ST.\TES 

DEP.\RD!E:'-iT OF THE 1!-I!ERlOR 

BCREAU OF RECL\.\IATION 

MARCH 22, 1946. 

'' m: R••t,r1on;~l Director, Region III, Boulder City, 
Nevada. 

Rc~~onal DifCI.:tor, Region IV, Salt Lake City, 
Ctah. 

o: The C• ,mmis~ioncr, Bureau vf Redamation. 

Ihj,T.t: :\ romprrhemive report on the development of 
1 the water resources of the Colorado R.ivt~r Basin in 
· , Ari:t.rma, California, Colorado, Nevada, New ~lexica, 

, l"t.1h, and Wyomin~. 

I. This letter is J. report in brief form on the devdop
·~nt of the wat«~r resmm:es of the Colorado River Ba!iin, 
hidt li('s v.ithin th~ States of Ari:t.r,na, California, Colo
.tlo, :\1:\,,da, :\r-:w .Mexico, l"wh, and Wyoming. The 

· JJstantiatin!{ waterial on which tile report is ba.~cd has 
··en prc·parcd as a prt>srntation of the Department of 

! ,. Intnior, ~pon.~nred and mordinated by the Bureau of 
; -.cJ.,rna~ i• ·•1. l hat material is attached. 

:11pe !l11d Purpoie 

..:. I.· ''r'b to :>hnw h11W the people in tht basin ami in 
t: \·.~:i, n ran lwv ht• ht:udited hy furthrr development 

tl11: w;tn-r n·,nurn~s of the ba.~in, the n:port includes 
!.:~wriprion ,,f the basin's rc~ourr:t~,, its net:ds and prnb
m, ;t:11! It~ prt~•·'lt and pntt~ntial ckvdopmeut. S.Jm<.: 
l pr• j•. :~ ,,r ur:iL~ ,,f prnjc·rts :1re listt~d as po~sihilities 

r l·dlln- dt:vc:f•,rHnent ,J( the wata re~nurn~s within the 
d :tral · \r.oina~r: b,in of the Colorado Riv«"r. Etit.imatt-~ 
• r '·. :,,.,),lit,, pt,,siblr. n·imhunahility an1l rkplt:torv 
,., t •·n ~lr•·:tm ll')"' ,,f t}Jr:,c dcvdnpmcnt.; are prr~ntcd. 
w ''T' ·rT .,;,,I di,. ~:'''~ prc:st:nt and potmtial project!! for 
•: ''':r•,rt ,;[warn fll:m the Cnlnndo Rivr·.r H..t.,in tD 
·:-went L.,.,ins, hut nr1 c~tim<1lt:s of wn~truction co~l', 

bendih, or reimbursability an: pre~entcd. .lkcause of 
the limited water snpply aU of the potential pr11j~.:clil can· 
not be constructed and ill of the cxi!stin~ and authorized 
pruj~cts expanded to the possible extent .nf their ultimate 
pot :ntialitic~. Th~ potential within-Lasin prujc1 t~ as a 
group are an index of the over-all results and bcnefiL~ to 
be expeLted from the de,·elopment of all the water re
sources of t11e ba.~in. This report, with it.!i su~tantiating 
material, provides a basin-widt:: peNpr.ctive for planning 
development on a sound ba~is. It is intended to serve a.s 
a medium through whi~..h the Congr~ may be apprised 
of the potentialities for the devdopment of the ba~iit's 
water resources and as a .f,'Uide in the selertion of proj.~rts 
that ultimately will compri:.e the comjJI'ehensive plan for 
the utilization of the waters of the Culur o.~Jo River SYS

tem for irrigation, electrical power, and otlwr purposts. 

Authority for the Report 

3. This report is authorized to be made by virtue of 
the Reclamation Act of June 17, 1902 (~2 Stat. 388) 
and acts amendatory thereof or supplementary thereto, 
particularly the Buuldl"r Canyon Project Act ( 45 Stat. 
1057) and the Boulder Canyon Project Adju~tm.:nt Act 
(54 Stat. 774). 

Cooperation and Aclt.now!cd;ments 

4. The preparation of th~ rcp(lrt has bt~en a joint dTtJrt 
of numerous Feder<tl, State, and local governmental a.;l'n· 
dt:.'l, all looking- toward tlw formulation or a rnmpn.:ht·n
,ive pl:m of ultimate drvdoprn•~nt of the ha.<in'~ lhill'f 

rc~oun 1:s. The Gmlntrit :tl Sunry, :\ational Park S..:rv
i•·e Fbh and Wildlife Service, Grazinc: Sen j, 1', Bureau 
of ~!int:s, Orrin~ of lndio~n Aff.1irs, General Land Of!irc, 
and .B:1rcau , ,f Rerl<~m•ttion, all within th•· n·p;~rtnu:ut 
of the Iuterior; the Fedt:ral Power Commi.,~iPn; anrlthe 
F nr~t Sl'n ire of tb~ Ocpartnwnt r ,f. \1:1 iculturr ha1 c pre· 
pared n·porl' \\>bidt arc appt:ndcd lu.:rr·to a.~ sutll>t.Jntiat· 
in!:( matrrial. The cxpain11 t: and data flh:! of the f:t1rps 
of En·~nrnll, War Dt·p;trtmrnt. and of the s,iJ Con~•:rvo1-
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tion Service and Bureau of Pla11t Industry, Department 
of Agriculture, have been drawn on heavily through conw 
~ultation with their personnel and free use of their 
puolications. 

5. The States of the basin have contributed- materially 
to the report, formally through the Committees of Four
ken and Sixteen, which reviewed critically and con
structively the initial draft of the substantiating ma
terial upon which this report is based, and less formally, 
but most usefully, through free access to their data and 
ready consultative services of their engineering and ad
ministrative personnel. The hdpful services of many 
local governmental and private agencies, too numerous 
to be listed here, are gratefully acknowledged. 

Desctiption of Area 

6. The Colorado River rises in the Rocky :Mountains 
of Colorado and Wyoming, flows southwest about 1,400 
miles and enters the Gulf of California. It drains an area 
of 242,000 square miles in this country-one-twelfth of 
the area of continental United States. The Salton Sea 
Basin in southeastern California, which includes the 
Coachella and Imperial Valleys, is discussed in this re
port because of it~ intimate relationship to the Colorado 
River. 

7, In its course from the high peaks of the Rocky 
Mountains, the Colorado River traverses the mountain 
valleys of Colorado and Wyoming; flows through ~pec
tacula,r. canyons, of which the Grand Canyon of the 
Colorado is the oul~tanding example, in southeastern 
Utah and northern Ari1.0na; and finally, below Lake 
Mead, it courses through broad, alluvial valleys inttr
~pcrsed with mountain chains. 

8. Climatologically, the basin has the extremes of 
year-round snow cover and hc·a\'y precipitation on the 
high peaks of the Rockics· and truly desert conditions, in 
which precipitation t~ a rarity, in the Yuma area. Tem
peratures range rrom the tempt'ratc, affording only a 
90-day growing season in the high mountain meadows of 
Colorado and Wyoming, to the semitropical with year
round cropping in the Yuma-Phoenix area. Den·lop
ment.~ by man within the basin arc likewise &tartling in 
contrast, ran~ing from none in the remote plateaus of 
southea . .,tern Utah and northern Ariwna, inacces.~iblc by 
highway or retilroad and set·n only by an occa.,ional ~heep
hcn.ler, to the intl'n~dy den·lopcd suburban and agricul
tural areas snrrounding Phornix anJ Yuma and within 
the Imperial Valley. 

!). The basin is important in the Nation's CCI•nomy. 
Agricultur.tl products indmlc cattle and ~hct'p from the 
,.,~.~t ran~c· area~ anJ the irrigatcd hay mra,Jow~ of \\'yo· 
lllillg, C(llorado, New l\ft·xko. Utah, and Arizona; 
temp< rah·-::limate fruits from Col<)r:tdo: and citrus fruits, 
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winter vegetables, livc~tock, and hay from the Phoenix
Yuma and Imperial Valley areas. There are now un
der irrigatio11 2,260,000 ·am·s in the Colorado River 
watershed and an additional 416,000 acres are irrigated 
with Colorado River water in the Salton Sea Ba.,in of 
southern California. In addition to the water used for 
this irrigation, 184,000 acre-feet annually are being ex
ported to other adjacent stream ba~ins in Colorado and 
Utah to supply requirements for irrigation, power, and 
domestic and municipal purposes, and 63,000 acre-feet 
were exported in 1945 to serve the :Metropolitan Water 
District of Southern California. 

10. Enormous beds of bituminous and subbituminous 
coal within the basin in eastern Utah, southern Wyoming, 
and western Colorado are estimated to contain nearly 
one-fourth of all the coal reserves in the United States. 
Mines in these areas now supply most of the coal require
ments in the Rocky ~fountain and Pacific Coast areas, 
including transcontinental railroads and the Utah and 
California steel industries. Vast deposits of oil shale and 
bituminous sandstone are undeveloped but, with coal, 
are becoming increasingly important as petroleum re
serves approach exhaustion. Natural gas from basin 
fields in Wyoming, Colorado, and New Mexico supplies 
local needs and is piped.. to industrial areas outside the 
basin. Mines in Utah and Colorado are the leading do
mestic source of vanadium, uranium, radium, and molyb
denum. Since 1910, Arizona has consistently led all 
States in copper production through mines and ore re
duction mills within the basin. Gold and silver and sev
eral other metals, largely byproducts of copper mining, are 
mined in important quantities. Great beds of thinly
covered phosphate rock centering around the corner com· 
mon to Utah, Wyoming, and Colorado provide a basis 
for a potential fertilizer industry. 

11. Present development of hydroelectric power also 
presents a contrast as between areas in the basin. In the 
upper basin, that is, the basin above Lee Ferry, Arizona, 
only about 60,000 kilowatts of hydroelectric power have 
been devdoped. In the lower basin, on the other hand, 
the Boulder and Parker Dam power plants, those on the 
Salt River ncar Phoenix, and other lesser hydroelectric 
developments have an aggregate installed capacity of 
1,258,000 kilowatts-roughly 50 percent of the depend· 
able capacity a\·ailahk to the southern California-Arizona 
area. In 19·l5 Boulder and Parker Dam power pLmts 
a.lone produced 6.1 billion kilowatt-hours-about 60 per
cent of the t·nergy constuncd in that area. Further in
l'tall.ltion of 580,000 kilowatts of hydrodectric power is 
authori1c<l or ddinitdy planned. 

12. Tht" b.t~in is important to the Nati1111 from a rerre· 
ational standpoint. Rorky ~fountain~ ~Iesa Ycnle, 
Bryn'! C:anyon, Zion, and Grand Canyon Nation:tl Park$, 
many National monument.~. and thr Boukkr Dam Na
tional Recreational area lie wholly or partly within the 
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b;,:irl. Thfsc areas formally withdrawn for recrcationiil 
purpc>"cs, to,;ethcr with the mountain ~treams and their 
uHJJJ:whrd trout fishing, the big game hunting, the In
dian rrservations, and the painted deserts of northern 
Arizona make the basin a National playground. 

13, The construction of Boulder Dam by the Bureau 
pf Reclamation was a great step in the control and de
'clnpmcnt of the Colorado River. It hru; changed the 
tharactrr of a 565-mile srction of the ri\·er from Grand 
Cam·on to the Gulf of California. The dam controls 
dt""t~Jcth·e floods that formerly harassed farms and com
mllnitii:'S far downstream, and releases a controlled 
stream as needed for power development and municipal 
purp<JSfS and to irrigate lands in the lower Colorado 
Riwr, Imperial, and Coachella Valleys. As a result of 
construction of Boulder Dam the domestic water supply 
of I 4- cities 250 miles west of the Colorado Rh·er in the 
vicinity of Los Angeles is being augmented through the 
Colorado River Aqueduct of the Metropolitan Water Dis
trict of Sm1th,.m California. A new recreational area 
that attracts more than half a million people a year has 
Leen created by the dam and Lake 1\lead in an area for
merly forbidding and um-i~itcd. The lake is stocked with 
fish and has become one of the important features.in the 
migration flyways for wild waterfowl. Power from 
Boulder Dam has made possible the \'a!>t industrial ex
pansion of the Pacific Southwest, including the great 
~hipyards, aircraft factories, and light metal refineries 
that helped so much to shorten the war. 

Problems of the Basin 

14. Substantial as is the contribution of the basin to 
the Xa.tional economy, a much greater contnbution can 
be made when its existing problems are eliminated and 
its putcntialities dewlnped. The basin's 900,000 people 
are k~s than one percent of the Nation's total but they 
ocrupy eight percent of the country's land area. Para
doxically, however, population pressure in part~ of the 
basin forces young people to migrate elsewhere for oppor
tunities. In this arid and ~miarid area optimum me of 
the \'a't l:md resource... is dependent on water being a\·ail
ahle for irrigation. Crop production withnut irrigation 
is pos..,iblc in onlv a few areas and i~ of negligible impor
tance. A stabilized and increased irrigativn supply 
'"''"Jld permit a ~hift to more intcnsi\'e types of .farming 
in ~ome srctioru; thu~ pro\illing agricultural opportunities 
f0r more pc(•pk. The practit'allimit of water resources 
dc,·elnprnult by private enterprise ha.~ been reached. 
De, dnpment of the \'a~t mineral r~urrf"t is awaiting the 
low-co~t powl'r th:1t can be generated at multipurpose 
dams which w;ll "'<'T\'e also for irrigation and flood and 
>ilt control. 'll1e recreational resources-no inconsider
able as.,et- ''ill be further realized as the ba.~in's orhPr 
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resources and attendant community impro\'ements are 
developed. 

15. More specifically, inability to produce sufficient hay 
to winter-feed Jiv,.~tock has prevented optimum use of the 
fine range land of Wyoming, Colorado, and northern 
Utah; and lack of winter feed in southern Utah, New 
:\Iexjco, and Arizona has forced use of the ran~e the 
greater part of the year, possible because of the milder 
climate, and vast areas have been overgrazed with at
tendant erosion and destruction of national import. 

16. Intensive irrigation farming~ carried out in ,·arious 
parts of the upper basin, notably in the Grand Valley 
area in Colorado and the t:ima Basin in Ctah. Several 
Fedecil Reclamation projects provide a fairly adequate 
irrigation supply in some areas but construction of addi
tional projects is needed to supplement irrigahon sup-

. pliesJor inadequately irrigated lands, permit more lands 
to be irrigated, and pro,ide for substantial imprm·ement 
in domestic water facilities. 

17. Examples of lack of developed land and water 
resources to sustain existing communities are found in the 
Virgin River and Little Colorado River Ba~ins. In the 
\-rrgin Riwr Basin, somewhat ll-olatd commercially and 
dependent almost e.xdusin:ly upon an agricultural econ
omy, the average area per irrigated farm is about 30 acre.<. 
To supplement hi~ income the farmer has been forced 
to overstock the range, with the result that it has hecome 
denuded. Economic distress in the midst of undewloped 
land and water reso•nces prevails. The ~ame conJitions 
hold in the Little Colorado River Basin . 
• 18. Population pressu~e, \lith its attendant dfmand for 
farm homes, has r~ulted in an m erdC\·elopment of the 
water resources of the Phoenix area. Irri~ators first re
lied on surface waters of the Gila and Salt Rivers, but 
expansion of irrigated arras led next to pumping of ground 
waters for purposes of drainage, and finally to overdraft 
of the ground water supply for irrigation. Ground water 
levels are being continually lo,,ered, and pumping lifts 
already ha,·e bf-come so great that substantial acreages in 
this very 1 ich valley ha\·e been abandoned. lJltimate 
abandnnmrnt of as much ru; 200,000 acres jg indicated 
unless a nnt; supply of irrigation w:1ter is brought into 

the area. 
I9 Onh b\' suhstantial drafts on Lake ~lead ~toragc 

has ~he sou~hc~u C.Jifomia-southcm .\rizona po\\Cf mar
ket area bt•t·n able to meet its ekctric energy requirements . 
during tile war years im~ediatd~ pa~t. Xormal load 
growth will require that th1s area. 1t.s ml and natural g.lS 
fuel suppJi,·s bciJ'!; S!:'ritlll:.ly Jcplctcd, look to further hy· 
rlr(l('lcctric. pow• r de\'clopmcnt on the l1~wc~ Colorado 
Ri\'cr. Lilewis• *'~ panding power loads lll L t.ah. Colo
rado, and Wyomi1 ,g focus attenti~m on. hydroelectric 
power po~sibilitiC" i 1 the upper ha..<m. \\ ar ~mergcm )' 
construftion with th! iru.tallation of 100,0\lO kilowatts of 
steam generating r .• pacity in the Salt LJkr Citv area 



was nece~sary despite the importation to that area of a 
substantial amount of energy from Idaho and Montana. 

20. The Colorado River carries a tremendous volume . 
of silt, depositing annually approximately 137,000 acre
feet into Lake Mead. The silt discharge of the river does 
not portend Immediate serious eff<'ct on the useful life 
of Lake Mead, a tremendous reservoir, but the service of 
this reservoir would be prolonged with upstream silt con
trol. The small potential reservoirs at Bridge Canyon and 

. Marble Canyon immediately upstream from Lake Mead 
would retain most of the silt now carried into Lake Mead 
but would soon be filled. Dams on heavy silt-carrying 
tributaries above these sites for the control of floods and 
silt, aided by proper watershed management, would do 
much to prevent impairment of the ·value of these 
main-stream reservoirs for river regulation and power 
development. · · 

21. The Colorado River ha~ always been an unstable 
stream through the alluvial plains and its delta area be
low the site of Boulder Dam. Recent rising of the river 
bed from silt deposition in the Needles-Topock area has 
required continuous raising of levees to prewnt destruc
tive flooding. In building its delta, the river has placed 
itself on a ridge, building it ever higher and continually 
threatening to break through protective works. In 1905 
the river broke through and flooded the Imperial Valley, 
vastly enlarging the Salton Sea, and substantially dam
aging irrigation works, agricultural lands and improve
ments, and the roadbed of the Southern Pacific Railroad 
Co. before it was turned back into its channel in 
1907. With dcsiltation of the river at Lake Mead, the 
channel downstream is undergoing a change in adjust
ing to the new regime. For the first 88 miles below Lake 
.Head the channel has been progressively lowered with 
most of the material being deposited in the 32-mile 
str!'t(h next downstream. Control of the river channel 
bdow Boulder Dam is an important and difficult prob
lern which wilt require attention for many years. 

22. Although Boulder Darn provides full flood. con
trol of the Colorado River at Black Canyon, the area be
low i~ still subject to floods of lesser dcgrre originating in 
the watershed areas of the Colorado, Gila, and Bill Wil
liams Rivers Ldow Boulder Dam. Above the dam there 
an: no flood-control stru<'tures of significance .to the river 
system as a whole. Loc1l damage occurs frcqttcntly along 
tributary stream~. For hundreds of miles above BoulJer 
D;ml the river and the lower str<:tches of its tributariC'S arc 
confined in dcrp and barren canyons where flo)ods can do 
110 damage, but it is from these rrgi<,ns that most of the 
:-oilt is rarrkd into the rircr. 

~3. Flows of mo:;t tributary lltn':W from which irriga
tion di\'(Tsions Me made rc-rtdc in ~tc summer to such 
an <~xtmt that n11ps sufTc·r seriou.,Jy from lack of water. 
Numerous re~cTn1irs are needed to tore f1ood llnws fu1· 
rc:lc·a~e as r«'<Jliil'I'U for irrigation. ~he ron~trurtiun elf 
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Boulder Dam temporarily has solved the water-supply 
problem for main-stem diversion in the lower basin, 
but as expanding u~es in all parts of the basin deplete 
available supplies, additional main-stream storage re~er
voirs will be necessary for the holding ofwatcr from wet 
to dry years and to permit it to be metered out to the 
manifold interests having rights in the stream. Dams 
built primarily for river regulation could serve also for 
power production, flood control, silt retention, fish and 
wildlife propagation, recreat.ion, and other purposes . 

24. The treaty between the United States and Mexico, 
which became effective on November 8, 1945, requires 
construction of Davis Dam (already authorized) by the 
United States within j years of that date, and necessitates 
certain facilities and arrangements for delivery of water 
to Mexico.· 

25. Numerous small projects now divert water from 
the Upper Colorado River Basin and convey it by tun
nels or transmountain canals to adjoining watersheds for 
irrigation, domestic use, and power production. About 
184,000 acre-feet are now being exported each year. The 
Colorado-Big Thompson project in Colorado and the 
Duchesne Tunnel of the Provo River project in Utah, 
both under construction by the Bureau of Reclamation, 
together with possible expansion under existing projects 
will provide for the exportation of an additional474,000 
acre-feet from the upper basin. There is a growing de
mand for more water from the Colorado River from 
water users in the adjacent North Platte, South Platte, 
Arkansas, Rio Grande, and Bonneville Basins. An ulti
mate diversion of 3,380,000 acre-feet annually from the 
upper basin is physically possible apparently at reason
able cost but the exportation of this amount would sub
stantially limit potential within-basin uses. 

26. The All-American Canal and the Colorado Ri\·er 
Aqueduct arc now exporting about 2,500,000 acre-feet 
of water frow the Lower Colorado Rh·er for usc in Cali
fornia. Potential expansion of these diYmions to 5,300,-
000 acre-feet is possible but would likewise conflict with 
potential uses within the basin. 

27. These major problems and others of smaller degree 
but nonrthclcss important to the economy of the ba~in 
and the Nation have prompted the preparation of this 
report. 

. Wata Supply 

2B. In its virgin condition, before diw~ions were made 
by m;m, the Colorado RinT b t·stimated to haw c:micd 
an a\'('ragl! of 17,720,000 acre-feet of water annually 
across the International Boundary into ~Icxico. The an
nual How 'arird from about 5,000,000 acre-fc<'t to 25,-
000,000 am·-fcl't. Under the ~lexican Trraty it is esti
matt·d that ~Icxitn will receive 1,500,000 acre-feet 
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annu:Ulv Ira\ in" for consumption in the United States an 
a•.m:·~~e· ~f 16,i2o,ooo acre-feet plus such water as was 
.:nn,umcd under virgin conditions by natural losses, pre
' ~:nublc in part with full basin development. 

2~. Present water uses in the United States are esti
nuwl to depktc the virgin Y.ater supply at the boundary 
1)\' about i, !20,000 acre-feet annually, lea\ing an aver
:tgc of about 9,100,000 acre-feet to meet expanding uses 
undn exbting or authorized projects and to supply new 
dt•nunds for potenC.:al projects within the Colorado River 
Basin States. 

Dit·i.1ion of JV ater 

30. The Colorado River Compact, signed at Santa Fe, 
~.:Hex., November 24, 1922, and made effective bysub
:;cqucnt ratification by the seven basin States, and by en
actment. of t11e Boulder Canyon Project Act ( 45 Stat. 
105 7), apportions the waters of the Colorado River sys
tem between the upper bru-in and the lower basin and 
provides that the States of the upper division (Colorado, 
New Mexico, Utah, and Wyoming) will not cause the 
flow of the river at Lee Ferry to be depleted below an 
aggregate of 75,000,000 acre-feet for any period of 10 
consecutive years. The compact also provides for a di
\i.sion of surplus waters after October 1, 1963. There 
is no final agreement among the States of the Colorado 
River BlSin as to the amount of Colorado River water 
to be allocated to ind.i\idual States nor have all of the 
States made final allocations of water among projects 
within their boundaries. There is not complete agree
ment among the States regarding the interpretation of 
the compact and its associated documents (the Boulder 
Canyon Project Act, the California Self-Limitation Act,' 
and the several contracts between the Secretary of the 
Interior and individual States or agencies within the States 
for the ddivery of water from Lake Uead). This report 
makes no attempt to interpret the Colorado River Com
pact or any other acts or contracts relating to the alloca
tion of Colorado River water among the States and among 
projects within the States. 

Future Development of Water Resources 

31. Ultimate development of the water resources of 
the Colorado River will involve the investigation and con
struction of such projects as will fully utilize for irrigation, 
power production, flood control, and other beneficial pur
poses all the water in the Colorado River system available 
to the United States. Looking toward the formulation 
of a plan for romprehensive development, this report pre
sent~ for comideration Ill potential projects or units of 
project\ mostly multiple purpose, f,>r u.<e of water within 

the natural drainage basin of the Colurado River. Po
tential projects for the e.xport of water from the Colorado 
River Basin to adjacent basins are also discussed. The 
inventory of potential projects in this report and substan
tiating material is intend«;d to be of use in the selection of 
proj.ects which will comprise ultimately the final compre
hens~ve plan. It i~ not intended that the liMing of projects 
in this report will preclude the con~ideration of others that 
additional investigations may show to be desirable. In the 
formulation of the ultimate plan, however, consideration 
must also be given the possibilities for expanding projects 
now existing or authorized. Because of the limited water 
supply, it is not possible for all the potential projects to 
be constructed and for all the existing or authorized proj
ects to be expanded to the possible extent of their ultimate 
potentialities. Each development can deplete the stream 
flow only i.nsohr as permitted by the Colorado River 
Compact and other legal limitations. The formulation 
of an ultimate plan of river development, therefore, will 
require selection from among the possibilities for expand
ing e.xisting or authorized projects as well as from among 
the potential new projects. Before such a selection of 
projects can be made it will be necessary that the seven 
Colorado River Basin States agree upon their re.~pective 
rights to deplete the water supply of the Colorado River 
or that the courts apportion a\·ailable water among t11em. 
Each State also will need to select from the potential 
projects within its boundaries those it desires to ha\'C con
structed to consume its allocation of water. The m;my 
decisions and selections to be made require a va.'t back
ground of factual information. To assist the States in 
the selection of projects the several agencies which have 
prepared this report stand ready to make available their 
consultative services and all information presently at 
hand. A great amount of engineering and economic in
vestigational work has been required to a.<.Semble and 
evaluate the infom1ation from which ha.s been prepared 
this inventory of potential projects. Detailed information 
is available for a substantial number of potential dC\·elop
ments and only data of a reconnaissance nature for others, 
but from all the information available it should be possi
ble, prior to a final scttlemrnt of water right~. to sd:ct 
a group of projects which are urgently needed, or wh1ch 
will be key units of the comprehensive plan for construe· 
tion as the next stage of the development. 

32. Altl1ough there would be enough water in the 
river system to serve all of the 134: within_-ba.....in projec~ 
or units of projects if no further exportauon of water ts 
made, it may be found more economical .a~d ~e Stat~ 
mav dect to forego construction of wme 1rngat10n proJ
cc~ within the natural drainage basin in order to make 
water available for exportation to adjacent watersheds 
within the basin Statcs. \\'hen final allocations of water 
arc made, morem·er, some States may he unable to u~ 
their full amount unlcss part is exported. Power projects 
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d" nu~' conswn~ water except by evaporation from po~cr. 
re::oervoi•·s, but most of these reservoirs serve multiple pur
poses am~~rc required for full river regulation and con-
trol. , 

33. If all t..1c 134 w~~hin-basin potential priljerts or 
units of projects were construct.::tl, they would deplete the 
flow of the ColoraJo River by more than 6,000,000 acre
feet annually. New possibilities exist for tnc exportation 
of an additional3,000,000 acre-feet annually to arc:'ls out
siJe the natur:ll drainage basin but within the boundancs 
of the Colorado River Basin States,. as permitted by the 
Colorado River Compact. I£ all existing or authorized 
projects were constructed to the po:.:;ible extent of their 
ultimate potentialities, they would increase present deple
tion by approximately 4,000,000 acre-feet. With pre.c;ent 
uses depleting the stream by about 7,000,000 acre-feet, 
the total dcpktiuns would aggregate more than 20,000,-
000 acre-feet, or about 25 percent more than the 
estimated amount of water available. Predominant 
among existing or authori;.ed projects which could be fur
ther de,·eloped are those in the lower basin made possible 

THE COLORADO RIVER 

by the construction of l3ou1Jer Dam. Possible future de
velopment of these entrrpri<.es would increa~e present 
river depletions by about J,tiUO,OOO acre-feet annuallr, of 
which 2,300,000 acre-feet would be ll5cd in California 
out5ide the natural drainage basin of the Color<tdo River 
anJ tht> remainder would be comumed in Arizona or 
California orlost by reservoir evaporation. In the upper 
basin completion of existing or authorized transmoun
tain diversion projects would further deplete the ri\er by 
474,000 acre-feet annually and expansion d within-ba,u·t. 
projeci..:: would cause a depletion of 82~000 ::~ere-feet. 

34. The de.l:'l"tory effect on stream flow of all withi.n
b~in and export divel:ii0n projects, including existing or 
authorized projects and potential project5, is shown in 
table 1. The depletion shown under existing or author
ized projects include prC):ent dcpktiuus rt'sulting from 
projects in operation and possible depletions\\ hirh would 
result from the extension of existing projects or the con
struction of authorized projects. Depletions are shown 
for the 134 potential within-b.u;in projects and for the 
new c.xport diversion possibilities. 

TABLE I.-Present and potential stn·am depletions in the Colorado River Basin 

JlBSin an.J Et~te 

Istima~ average annual depletion (aerdeet) t 

--. ---------,...-------,-·-----
Existing or authorized proJ,octs 

PreS('nt 
dei•INion 

PMsihle 
incn:ase 

Pot•ntial 
proj~cts 

Total 
cllim~t~ 
depletion 

------------------- ----·-----------1 -----1 ----1-----1-----
l.'pp~>r Basin I 

~~lit::;~~~~~~=~::~:::::~:: -~::::::::~:::::::::::::::::::::~:::::::::::: 1 1, z?~~: ~~~ ----567, ooo 
39, 000 49, 200 

~<'\\" ~h-xko ...•...•••.••. ·········-····------------------------------! 68,400 --·--------· 
t:ttth .. ··------------------------ ------------------------------------ lit.'l, 900 I 32, noo 

2. 522, 000 I 4. 260. 300 
4!i0, 000 518. 400 

1, 462, 700 2, 010. {)()Q 

}~~f~:if2;~~;·i~~~r~ ~~~~~-~-: ~::::: ~:::::::: ::::::::::::::: = =: :: = :::::: ~~~---- ~~~~·- ~~~ T---. :1~'- ~~~. 
H1at.totaL...................................................... 2.199, 800 j 556,000 I 

.::.....~~.::::.:.:::;=~-= 

57ti, 000 9t17, 000 
831, 000 i 831, 000 
Goo, ooo 

1 

__ 5_oo_, _oo_o 

6, 3SO, 700 ! 9, 136. 500 

low~r Ba11in i ' 
.\ri1.011tt ••• . • • ......... - •••••• -- ••••••••••• --.---.----.------- ••• • • 1, 407, 200 I 571, 000 I 2, 015, 4(10 3. !l9~l. t\00 
l:uliforuia -···-·- .. --·---·----····--------·-··---------------·-·---- 2, 6KO, l.)00 2, 91t\, 000 I 176,000 5, ~02: 000 
!\!'\'ada. • _ .. _. _ .... _ ••••• __ •••• _____ .•• -· ___ •• -- ·--------- _. _ _ ___ 4a, ~oo 

1

_ ..... _ ___ __ 213, ooo 21\o, !<OO 
X···V :'lln.ie·• ...••••••.••. -------------··---- ·····-------------·-· 29.1100 ·-·------·-- l<, 000 37.0\10 
I il:th ...... --.. . . . •. - .. -.-- •• --------.-----------.----.------------- 45, 000 I .. ---. - .. -.·I fit!, ~00 'I 101: 300 
:O.lnin ~lelll rt·~t·rvoir lu~~•·s -····--····-·-··-·------··-------· .•... ----- 7J;J, 000 I 66,000 , 91,000 . 870,000 

~ubtotuL ..................... -- .••••••• ---- ••• -- ....... ------I. 1,_::s~~213~ 58;{,_(k)0 1:• Si10, 7~~0 ~--;~:_tWO.~ 
TotllL ••.•..•.••• ······-····--··--····-------··--·--·---·--·-·1 7, 117, '<•JO I 4, 13!l 000 I 8, 9-tO, 400 j ~0. 1117, 2(10 

l'utrntial Projcds 

:15. TJ.c 134 projl'cts or units of projects indu<k,I in 
tlw imt·utury (JC potr11tial projl'rL~ (elf lknloplncnt of the 
"ah:r n·~uwn s o{ the CulnraLio Ri,rr B.L~in are all Jo .. 
1 ;a ted \\ ithin llw !t.lllrral dr<~inag<' b;L~in of lhe Colora Lin 
Rin·r. tOO in the upper !J.L.,in and :H in the lown ha~in. 

I Inr•lwtPS l>oth ll"•·S within th~ n.~turJJ ha.:uu and ell'<•rt dil't'I'Si<•ns to aJh<''nt 
\\'Rit•r~h,,.b, 

J lurlmh.'tl In l.it·plt•tlnus shuwu Oy 8!ah\s. 

(See par. 41, t.1blc II.) Thc:;e within-bl!'in potwtiJ.l 
pro.kcts considrrrd as a group indicate in gencr.J the ulti
mate potentialities of futurr dc,·elopment. for th:H rea
~nn these project..; arc stunmari:•t'd in the fnllo\\ing p.u·.t .. 
graph$. ){similar basin reports for adjoining basins or 
imliYidual project reports indk.1te the need and desirabil
ity fur t•xporting water from the natural drainage basin L>r 
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use within the Colorado Basin States, as pennitted by the 
ColorJdo Ri\"er Compact, this would result in a corre
sponding reduction of within-basin uses. l\ew possibilities 
for exportation of water to adjoining watmheds, such as 
the Blue Ri\er-South Platte and Gunn.i..'On-Arkansas proj
tcts in Colorado and the Central Utah project in l:tah, 
are mentic.ncd in the substantiating material but are not 
tabulated and summarized in the in\entory of potential 
projects pre:;.ented in this report. 

36. If all of these 134: projects or units of projects should 
be comtructed thev would benefit 2,656,230 acres of land, 
1,731,980 acres u; the upper basin and 921,250 acres in 
the lower b~~n. Of this totall,533,960 acres would be 
new land brought into cultintion, 1,230,810 acres in the 
upper ba.~ and 303,150 acres in the lower basin, and 
1, I :2:2,270 acres of inadequately irrigated land would be 
furnished a supplemental supply,- 5(}!,170 acres in the 
upper ba:,;n and 618,100 acres in the lower basin. (See 
par. 41, table III.) In addition to these lands \'ast areas 
of natural pasture lands in the upper basin would produce 
more abundantly under irrigation. These pasture lands, 
located mostly on gentle mountain slopes, ha,·e not been 
surveyed and consequently specific projects have not been 
planned to bring water to them, but in summarizing po
tentialities for new deYelopments an ultimate river deple
tion of 500,000 acre-feet annually has been allowed ·for 
pasture irrigation. 

37. These potential projects include 38 hydroelectric 
power plants with a total irutalled capacity of more than 
3,500,000 kilowatts. (See par. 41, table IV.) Twenty
nine of the plants would be in the upper basin, mostly on 
tributary streams. The combined installed capacities of 
the upper basin plants would total 1,713,000 kilowatts 
and the annual ener;y output 9.2 billion kilowatt-hours. 
This is more than the anticipated requirement for power 
in the upper basin and would lea\·e some for transmission 
to adjacent areas. The 9 new plants outlined for the 
lower basin would have installed capacities totaling 1 ,94-5,· 
400 kilowatts and would produce 10.2 billion kiluwatt-
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hours of additional energy a )'t:!r. This '' mlid satis.fy 
all e.xpected demands in the lower basin and the adjacent 
West coast p.)11'er market area untill!?GO, at which time 
additional power developme-nts would lX' req uird to meet 
growing demands. The pot<·ntial power output in b • .~th 
the upper anJ lower basins could be maintained su1>Sun
tially. e\·en with full devclopll}ent uf the river systt:;l for 
irrigation and other purposes. 

38. Potential power and irrigat:• ·n re.serYoirs '' uuld 
make a substantial contribution to 1\.00. control in the 
basin. but the extent of that contribution ran not, of course, 
be determined until the projects to be ronsLillCted have 
been selected. Some of these reservoirs ·.·:Otud penn it use 
of a greater part of Lake ~lead's capacitv for irrigation 
storage and power production. 
• 39. Re:::ervoirs pro,ided for irrigation, p 1\l'er pr,>~.iuc
tion, or flood control would have incidental value for fi,-h
ing, boating, and other recreational purposes. Reservoirs 
could be operated to maintain or impro\·e the fishing in 
mountain streams. Specific projects are descrilX'd which 
wotJd furnish municipal supplies to Tucson, Ariz., :md 
the Grand Valley area in Colorado. Future water re
quirements for growing mwlicipalities and industries 
coulJ be pro,ided as needs ari.;;e. ).[any of the resenoirs 
wou!d have storage capacity for retention of silt and mi~!
gate that menace for a great many years to come. 

40. Construction of all these putcmial proicrts f<1r u,e 
of water in the natural drainage ba:,in. including tr an:-mis
sion grids, is estimated to cost S2,185.H2,000 "ith expen
ditures dh-ided S930,142,000 in the upper basin a:nJ $1,· 
255,300,000 in th~ lower basin. These prelim.inai} esti
mates are based tln costs as of jJnuary 1940. 

41. These 134- potential projects or units of prt.\jrcts, 
together with their locations, sources of water :;uppl~, pur
poses to be sen·ed. and estimated comtructi<'ll CC>5ts an: 
listed in table II. Potential irrigation and power .i.:l·dop
ments that would result from the conmuction of th~ 
projects are summarized in tables II I and 1 V, rt'5p<'ftiH·iy. 

TABLE H.-Potential projects in the Colorado Rhcr &sin 

p,., .. ~t and unit 

3 ..... l ()(1\) 

4. s:.l<l.t>lll 
1. t7•l. nno 

ll),(Mld. (lo~l 
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T.o.BLE H.-Potential projects i11 the Colorado River Basin--Continued 

I 
: l'urpose to be servetl 1 ! Estirrr.u·deonnruc-! I tWhL;l.•.;ll 

Proli't;t and unit Source or water supply 

-------------;-------------·-----------
(pper basin-Continued ' j 1· \ 

Red CanyuiL ------·--------- Ctah ___________________ ; Grt.:en Rh·er ______________________ l P, F _________ __! 
Little S.take River.----------- Wyoming, Ct•lorado •.•.• · Little !'lnake Riw~r tributaries _______ I, P, f ________ _f 
l"pper Yampa •...•••.•••••••. 

1 
Colorado _______________ ; Yampa River ____ ---------------··· I. F .• ----------1 

\\t;.,::£1".---- .• ----·- .•. ____ . ----.do ••..• ------. __ . ·j·. __ .do __________ --------- .. _----- I, }' _________ -.-I 
Mount Harris ...•• ---·-------~·-----do .••••..•. ________ 

1 
Tributaries of Yampa River .•••.... I, F------------1 

Yellow Jaeket. ______________ T_ .. do ____ ------------ White Rher and Milk Cret•k ....•••. I, 1<.----------
Great Xorthern •••••••••••...... :.do _________________ 

1 

E!l-lwnd Creek and Elk River _______ I, F .. ----------~ 

nr~r!man Bf'nch .•. -----------~ Colorado, rtah________ Yawpa River _____________________ I, P, F, H, S .... 

~f~~l_!~~1~m:~~E:m: 1~:m'iE~=-~~:~~mmJUJ~~E~_=:::::~:==~=~-:~~w:_~~=mm~:~~~ ~foon Lakt: Extt>nsion ____ ; ____ (tab ______ -----------
1 

JluchP,;r~e Rh·l'r and tributary .•••.. , I, F •• ----------, 

~~~~\~P~k~== = == ::::::===-::I::~::~~==:::::=======~== I ~~~h~~kRi~-~; = == == === = = =========I ~: f ===== == = = = = = t Mosby ..•.. -----------------1-----do _________________ i lJeep ()reek, Whiterocks River.-----1 I, F ___________ _ 

}:r~:~= =:: =· = === ::::: = =: ::: = = = =:: ~~==::: = = :::: =: ::: = ., ~~:~? g::,t~: ~ ~ = = =:: ~ = == ==: :::: == ., ~: ~ ::.:: ==: :: = = 
Minnie ~Iaud ..••• ------~---- ••••• do _________________ !.tinuie ~laud Creek.-------------- I, f. __________ _ 

~cl:~" P~k~·~ ~~~~~~= :::::::: ·c.)i~~~d~= ::::: = ::: = ::: = ~-~-r~do~!~-~~=: =::: =::: ::: = ::::::::I ~~-F: n: s:: ::::I 

~f~~[~~~~j~~; ~ ;;;_ ~~ t~I~~::~::~- ~~ ~: ;-; ~;;!: ~~~;~j~ ~1El~;--:;; ~~=- ~-. ~ i~~~ r=~~-~-. 
Troublcsumc .••• ---- ••••• -. --1 CoioraJo ..• -. ___ .• --- .. 1 TrouLl-:some Creek .•. ___ -- •• -~-- .. / I, F.------.--.- i 

. ~~~{~ffi:;---:~~:;~ ~~ li": ~~~!~;: .; ~-:;;-;- ~;:;I ~~~~:.~~=::j ;.; -~ .;.;·-; i t~t:~~--; ~;;--~I 
West Divid•~----------------- 1 ••••• do •••...•.••••••••. l :'>Iiddle Willow Creek •• ------------ I, f. __________ _ 
If unter 1\IE-~a •••••••••••••• --l· _ .. do .. ,. •••••••.••• _ •. ,1 }1uzzard Creek. ____ ••• ----. ___ ••• _ I, F ------·---.-I 
~~i:r~:~~~::::::::::::::::::,:::: =~~::: :::::::::::::~ ~f:te~c~c.:::~ ::::::::::::::: }: ~; h"C~===~=~ \ 
Grand \'sllev E..'l:tcn..ion ••..... 

1 

..... do .. ! ............ , C'oloradu River •.•• ------.,--------- L _____________ l 
Cl!~t'(>-Jiwmpeon_ _____________ Colorado, rt~~oh .••••••••. _____ do.•-------······-·······-·---' P, I, F, H, S .... 1 

Tomichi Cm·k ••••.•••••••... C11lorado ••••.•••••.•.•. 1 Tomichi Creek ___________________ i I, F ...... ------1 
Cwheto)'a Creek ...•. -- ..••. _I_-·- .d .... _ .• -·-- _. _ •• --1 C'oclwtcpa Creek .. __ •. ____ •. __ ._. 1 I, F _ -------- _ --1 
Ultio Crci•k. •••. --·-·--------1-----do .••.•••..•.•.• --1 Arllhra~ite IWJ Castle Creeks .••.•.. I I, F~----------- 1, 
I.ake .Fork •••••• _ .•••••.••. --1-- •.. do .••••..•.•.•••• _.: I nke .Fork.---·- •.•.•. --------- •• _

1

; P, F -----------
Hupinrro. ___ .•.• __ - _ -- ••••••• 1 ••• --do •• ------- ••• __ ._ .I Gunuison RiH·r _______ . _ __ __ __ ____ P, F ------- ___ _ 
l"r•titland Me!<a ...................... do .•••••••.•• ------1 Curec~~ot,te and Sapinero Cret:ks .••.•• I, F •••••.•••••• 
f>utith Fork.---···--·-------·'-----do .•.••••••.••••••. J flmith Fork ...................... ,. I, F •• ----------1 
Pa()nia .. ---------··-------·-1-----do .. ---------------~ Ea~t Muddy Creek and Xorth Fork •. I, F ____________ , 
!\lilllwwt,a .. -·---------------~ .••• do .••..•.•••••..••.. l\Iinne!IOta Creek •.• -------·-·-·---~ I, F ••.• --------1 
IA·roux ( n·t•k_ .•.. - •••.••••• I.-- .. do ___ •••.•.• __ -- __ -I tcroux Cn·t•k. ____________ •. ____ .. I, F.----- ..• _ •.. 
tirand McN4 •••• -••••• -••... -!- .. -.d••- _ ------.---- •.•. , ~urrant, ~urfare! and Tm,gue Creeks.!' I, F. ... __ •• -.- -I 
Ouray ••••.•••.• --------·-- ..••• do ••••. --------·--- ltu:umpahl(re Rl\'cr ••••••••.....•. P, I, F •.•.•.•.. ! 
Hrdlun.!>~. . ··---·-····-···_1- ... rlo ..••. ---··-----. , Gunni~on Hh·er ...•. -------------- I, 1'.---------- j 
l'aun·r \'alley •.••...•....•... !. .rlo ••...•.••..•.•••• ,lllsa) poimmt>Jit Cn.•ek •... -------- I, F ...••••.•... , 
?l.urla ....... __ ... __ ......... I •.••• do .•••...•.• -···-._, Ifol"l!ftly and Cottonwood CJ"('rks .••. l I, F •..... ------
l'an !\ligud .••..•.•........ i ••••• do. _________ --·---~ Ando•r,on, ~nturita, Dry Crnks, I, F. .•• --------! 

• ·• 1 -~!td P,an 1\li~ucl River. . . • j 
\\t.t Paradux ................ ; ••.• du •..•...•.•.•.•.•. \\t .. t lararlox, Drrp, and Ck~:>cr 

1

. I, I .. ----------1 

j 
Creeks. ' 

l'lc~oH\'.................... ! rtalt. ···--··---------- Culorado Rin·r ..••.•..•••.•••••.•. P, F, H. S .• ----1 
Monh .•...••••••...•••••.• . .do ......••..••..•••...•.• du •••..•••. -·----- --·-····-- P, F', 11, S .. ----1 
l'al'k Cn .. ·k .................. '-·· ... do ................ 

1

. :\Jill Cn•t·k--------·--------·----··jl, F •••.•••••.•. j 
llau·h ~'rt•(k ----~--· --··-'· ..• dO--------,-----·-· l!ateh Cl\:rk ..................... 

1 
I, F ...•....•.•.. 

ll,tlf't•-CI .• n•~·:\11\li)O •••••• i f'olorndo.............. i\a\'11)0 Ha~o·rr.. -------·--·-·- I, F ••••........ l 
:o'outiJ~u:;Juntt .•••.•.••• _ 1 ?'\o·w~! .. ,iro ........... flunJuanRiwr .................. l I.:F. ........... j 

r.~~':~~8 i·~~· k·: _ :::: ~ · _ :-: _:: :1. c~.!~·~~~·('O~ · ~:~ :·:·::::~-I ri~.J~~i~i·,-c·r·:_ ~- ~:: : ·::: :: _ ::: ·: L::: :::_ :: :· ! 
li!tutmot ... L ···--·- _. ··-- 1 ~~·w :\l .. xko....... • I "an Juuu Hinr ................... , L ... ----------
l'lttpro•rk . ·- ........... ! .. do .... _ ---··--- .. ---""--------· ------------,·I. F ....•.•..... 
Fu ... miol L!il..«• ...... _ .... , l'oloradn. ·--- ....... i l'inr ltin•r........ _. -----· P, ~>'--·-----·· 
l'lrt<'. Hinr 1\t"n~ion .•••••.•. t ('olorad•l, :\r-w .Mt•XI<'O •• 

1 
.... rlo __ ·----··-·-····--------- } ____________ _ 

llorHlll........ : l'uloradn. __ .......... j llunda Hiwr .... ······------ I, F ......•. 
II·-~ (<u>tnuh·• II eoJ ot L.ble. 

S-t, 1 uo. ouu 
21,500.000 

2, 300, 000 
1, 100, fJOfJ 
3, 300,000 
2, 700, coo 
.J, 70'), 000 

23, xov. noo · 
iCO. 000 

5, cc:u, coo 
1. DflO, 000 · 

3UU, COO 
~ro, ceo 

7, ()00, flllO 
4no, r:no 

5, 30•). ouo 
'1, 100, coo 
1, sou, uoo 

300,000 
100, ono 
400, coo 

43, coo, coo 
23.000, OliO 

2, 500. OfiO 
I. 200, coo 
1, IOo, ceo 

21, 000, 000 
23. 000. oco 

2, 210. ceo 
suo, ceo 

3, 800, coo 
(\()0, 000 
430, oco 
130. coo 
170, 000 

1, 320, ceo 
], 300,000 
l, 5CO, (1('0 

610. {Jf\0 
l, tl41t. ('( 0 

.fl.), coo 
34. 2-!0. roo 

1, sco, reo 
I, J;iO. OUO 
1, oso. ceo 
1, 3t'O. (1(10 
7, !'CO. (tOO 
3, 5CO,l'OO 
2, 2l•O. ('(;O 
1, -!lO. ('1'0 

s2o, ceo 
2. S~'ll. flCt1 
I. !'20. Cl'O 
4, HO. reo 

31;7, cno 
!Htl,i.itO 

1, ffO. Gt•O 
t1, 590. ()('0 

""o. ceo 
ss. roo. ceo 

9, £,, o. roo 
ij5, cno 
.Jl'O,It 0 

I t>·l~ ('•'ll 
s.< cr;,: teo 

:~t1. l'l'll 
1'~0. \I'll 
;:!,i. l't'O 

21. 141. OtlO 
II. 200, !100 
1, s:n, ono 
2.:1\111,000 
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T ~LE H.-Potential projects in the Co!Mado River E<.~Sin--Continued 

I · t I 't I Location ot prnj.•rt Snurce ol wnt~r supply I Purpose to be sen·eJ 1 : F.stin·•1•"l Mr.struo-
----~--- 'rojt'~~~~-~-:.____ ~~~~~~~ 

rppf'r basin-Continuf\d I I i 

.. ·\ 11 i111a:;-L:tl'lata .......... --~~ Colorailo, 1\ew 1\Iexico .•. Animas a11d La. Plata Ri\'ers ••....... 
1 

I, P, F, S ..... --i 
\!cEllllo.... . . . .. __ _ _ __ _ Col,,rado .......... -. .• . :\le Elmo Cr~~k.... .... . . • . • . .. .. .. . I, F ............ 

1 

~'"''~t·zunta \'aiiL'\' Ext~n>ion .. , •.... do .......•...•..... Dolores River.: ................... I, F ..... ··-----

l/J','!I','~\·~~- _-: ~::::: ::::::::::: f~~h~-~~·- ~t_a_l~~ ~:::: ::: - Re·r~~t~r~ '(;;~;k: ::::::::::::::.:: L ~~~~:::·::::I 
\a\'Rjll lndl!ln l'roj!'Ct .. " _____ Colorado _______________ t:San Juan River ___________________ , I, r', S ....... .. 

Lower basin 
i ' I ' I 

~~~~~~n~.~~;l.::::::::::::::::: {~~~~:~:::: :::::::::::: ~l~~;~oCreaek~~~-~e~-~~~~~~::·::::::: {: ~; ~::: ::::::j 
t~~~1~r~~-~:::::::-:::: ::::::: :~:=:::~~::::: :~:::::::::: g~~: ~~oc~~~e~~~e(~~:~~k;::::: :::: ~; ~; ~~~---·:::::I 
}~a nab Creek...--- ... ------·· i·f-hdoA- .--------------- ~~~f: it::~~=::::::::::::::::::: ~;p~-8);_::::::! 

gf;n::&·D~:~::::~~::::I_~_l~~~~~~,:~·=-:-::==~~~~ il::a~?;~:~·~~·::::::::::::::l t~~~~=:=~==j 
:\lonpa Valley Pumping ............. do _________________ Lake Mead ....................... L ............. l 
-\lnrul~ Canyon-Kanab Crel•k .. i Arizona.: .............. Colorado River ____________________ P, F, S, H ...... l 
C oronmo .......... :_·_--_ ._: _--- ._ ._. __ . 1._ • __ -_- ._dd

0
o:_---- ---~-- .. _ : :_·_--__ - l-ittle Colorado River ________ •••. __ ' F, S, H •••• ___ .: 

Hndl(e Canyon . .. 
1 

. _ _ _ _ ___ Colorado •• ·----··---------------- P, I, F, S, H ____ i 

ri!!!!lll::,":~:~l: ~ 1: tJll~.: :; ::::::1:1:1 : ~i§J~, .. ~;~~=;. ::::11 :1) 1 jJ~::::: :;;~ 
Hi\~r rectification and controL I California-Arizona......... Colorado River-------------·------~ F ••. --·--------~ 
Central Arizona: •••••...••..•. Arizona ___________ .......... do ••.••. ·--------------------- I, F, P, ;\1, l 1 ••• 

f<alt Hiver. I 
l'arudi~c Vallq. 
San Carlos. ' I 1 
Charlrston. I 
l'atl'ord Valley. I 
t\an Franci~ro. 

$tl3, 534.000 
3!10, ono 

I, 300, OttO 
12, 200. 0(111 

567, 000 
2, \liO, 000 

1\1,0110,0110 
5, 200, 000 
t), :wo, 11tH) 

10, ouo. 000 
800, ooo 

$2, 600,000 
1, soo. 000 
1, 300, 000 

HI, 000,000 
200.000 

9, 2(10,ll00 
1, 700, 000 
1, 300,000 

700, 000 
2. 800,000 

382, 000. 000 
4, 000, CliO 

14ti. soo. oro 
1: 300, ouo 
8, 4011. (1()(1 

500,000 
'iOO, 000 
8110, (\\)() 

I, !100. (IL10 
3. 200. 000 
a, Ioo, ooo 

10, 6(10, 000 
15. oon, noo 

;j, 000, 000 
t32, 800,000 

Pnncun-Virden Yalley. I ' 
. i'iew :\l<'~ico. 

Chino \'allry ....................... do ................. Granite and Willow CrPeke......... 150,000 

\'::.:r;,:::~-.~~~:::;:~:,~::J::::'~::::::::::: _: :: :~:~=:~'::~':'::::::::::: __ :-_ : ::: _: ::: -~. ;:H:: 
Total,, Colorado River 1 1 2 185 H:! 000 
Ba~m. ---------. ____ ·!-- -----·. __ .. , _ ......... 

1 

..... -----"-·-----·-- __ ........... --·--------- ---·1 • · • • . 

I ~rrn hi!('< 11-.(f\(l. I =Jrrivnt inn:. Fmftnod C"llltrol; P~powrr; H Co holltwiWe-r storn~ for riwr T't'J!'IliRI hm: S•s·~t ff'tpntlnn: M ;-munidpal; t •und .. rgn1und 'tlll&tPr rertuuge: c
chamwl ur pro''''" I'll f. In ~:Midtllnn n :my Jlllh Tl!till rrsPn'nirs wnulJ htn•e \'aluc lor rt'l'leatir'ltl Mild fish ttnd wtldh!l' (IOJtwrvatiOD. 

1 l'rdln•mflrY Psturl\h'fl ha.st"l:l nn l'Omtrw•tll•ll ro~tJ~ .I an, J, l\l40, 
1 lluU tliP. W~h·r ~qmrcd fur t.his pruj,•ct would he dlwrtell (rom the Gunnison Rh·pr hr t'xchantm. 
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. TAnw; HI.-Pote11tial ini!!alion dt?vdopm,:;u& in the Colo
rado River Basin 

Ar.•a to l:>e bw.tited (acres) 

Upper ba~in 

Arizona ..... -- . __ 
C'nlurado __ _ 
);,·w ~1exico __ 
t:taiL. 
'\Yyomiuf! -·-- ___ _ 

I 

Furnish<•.! 
!'lew hllld •upplernenlal 

PI, 6!10 
44·1, Qtj() 
22-1, !)flO 
2!it, 7xo 
291, aJO 

wat..>r 

II, 000 
226, 5;j() 
I.\ 100 

161, J6() 
9!i, 3HO 

Total 

24, 6SO 
fl70, ti!O 
2-10, OliO 
-l12, ~40 
3'3t.,li90 

SuLtolal. UPJ.i~f ha~in .•. ,1. 230,810 504, 170 1, 73~. 9SO 

Lowt>r ba:.in 

Arizorui ____ _ 
( alifornia . 
~('nrln. 
x .. w .:\lexieo ... rtah ___________ _ 

Tntal. Colorado Hiv«>r ! I 

sz:3, o.~o 
16,000 
-H, f\00 
12. xoo 
21,200 

!W.250 

l:la<in ................ ·1,533,91i0 :1,122,270, 2,6.)6.230 
: I I 

T:\Ill E IV.- -Poll'lltial pou:rr da.::lupmtrll in the Colorado 
Rir•er Basin 

ll:uin and ~tal.-

l"ppt>r basin I 
Ari.lmu'---·-- ________________ / 400,000 1

1

2,1RS,OOO,OOO 
Col.•rudo _____ .. ___ ------1 325,500 1, 661,000,000 
?lif!W :'llt•xico .... -------. -------1-- ---~---- --1--------- ·----
rtah ......... ___ --·-----·-• . 9MI,OOO 

1

5,383,000,000 
W)-oJni••g..... .. •...•• : !,sou u,oon,ooo 

~~~/,fotul, uppPr b11.•iu .... -----~- i, i~3, 000 ,9, 241,000, 00~ 
Lowt>r basin r .. . -~ 

,\;\~::~:;~ -:: -- :::::::::::: 1,· ] '_ ~~~·-~~~-I~~·-~::·_~~· 0~~ 
~\('vaola ............ · ••••• -----'----·---·--- --·------ ---- .. 
:,,.IV ~h·xirn ........ --------1 3,1100 8,0011,000 
l'tlilt ---------- .. ---.-- ---I 4, liOO I l."i, 000, 000 

.,;ul,tt'!IHI,I""<'rOII,iiL ....... \ 1,945,400 ii0,205,000,0ll0 

Total, c .. J .. rt~rlo Riv1·r JJ~~;~iu .•. r=a.~3~~~)c~~~:t.lfi~Ot~~o 

Summury (If Annual flnu ft~ and Costs 
of Poft ntial Projects 

-t~ . . \ ddinir,: a11al\~is d ha.~itH,·irir de\'flupmrnt of 
\\ ., trr n:~omrc:s ranno; he I'' t'$t::llll.J umil a final ~dt·ct.ion 
uf pr .. jerts !'"'' lx:cn lllJ.,Jc. 'I11c following est irnatrs auJ 
.tppro,im.ttiuus are hast·d on dt·\'dilpm•·ut of all potential 
'' itl,in-hasill projects sumlllari1ed in the repnrt. This 
art.tly~is is prc:-rntc.l to indicate tlu• rconomk fl'a.~ibility 
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of a comprehensive plan for ultimate development of the 
water res0urces of the basin. All project~ are con<-irlcred 
integral uuits of a ba.sin plan and as such their economic 
fea~ibility is comprehended by the finding of ft.asibility 
for the over-all basin plan. To accommodate ultimate 
development to the available water supply, tho<..e projrr:ts 
which further im·rstigations show to be the le.<,:, desirable 
will be eliminated from the ultimate plan. If some States 
dect to use part of the water to which they are entitled in 
out-ba~iu or export divt:r~iun projects, a cormponding 
elimination of within-basin projects will be necessary. 
The ultimate effect of this selecth·e proce&; unduubtedly 
will be an even more favorable showing of economi~.- justi
fication for the over-all bru-in development. 

43. It is expected that an allocation of costs as pro
vided in s~etion 9 of the Reclamation Projrr:t Act of 1 ~J~, 
and acts amendatory thereof or supplementary thereto, 
woulJ Icsult in an C<fuit::~ble ar.d appropriate distribution 
uf allocable costs among the purposes to be served. 

44. Estimates of benefits from irrigation, power pro
duction, municipal water supplies, and flood control are 
summarized in the following table. The increase in gro~ 
crop income is taken as the measure of the benefits from 
irrigation. For the purpuse of illustration, power bene
fits arc determined as the gross income from the sale of 
electric energy at an assumed rate of four mills a kilowatt
hour, delivered at load centers. Returns from the sale of 
water for municipal purposes are not subject to a prt:cise 
analysis but a gross annual return of $500,000 is assumed 
as a measure of the municipal benefits. Flood control 
benefits resulting from the corl.'>(ruction of numerous dams 
and other structures are measured by the decrease in 
average annual flood damages along the Colorado Ri\·er 
and its tributaries. These benefits indicate that a basin
wide plan for full development of the water resources 
could return to the Nation $1.30 for each dollar r<"quired 
to construct, maintain and operate the projects. 

Atrtwul bor.-{its 
J rri :.:a 1 ion lwu ... t'ts ________ --------------------
l'••wt•r beut--llrs __ -----------------------------
Flood c .. utrol l~<'m·fits--------------------------
llunieil rul lw•ut•lit$ ___ --------------------------

$w, 0{10, 0(11.1 
7~ 1).11), (II_ I() 
1, o-.~~- nc~l 

r~Xl. ~.~o 
-----

Total IIWUSllrultle auuunl benefit'!---------- 13S. ceo, (1(1(1 

.4111111111 !'08tll 

Opt>l'ulion 11nll maiutl'IJaJH·•• ~ --·----------------- 2:1, OclO, ((11) 
.-\mnrlil.atinn f>f l'onstrurtlon l'O:.t ($:.!,b;•.4-I:.:,OOO) 

In !'ttl yeul'll :1t a r~·r''"IIL.--------------------- 8.1. (\\1, (l(r() 

1'otal nrmllal l~·~ts________ ·------------- w;;, l)fl!\ f~J() 

R(rtio of b• IH rits to rn.sts 
Hatlo uf UIIIIUitl ht'lll'lil$ to !llllliHlll'\!SIS ________________ 1. 3:1 

E.ttt'lldl'li Bnzrjits to the Wt·st and to the Sation 

-!5. The Lrndirial dT1'1 t of complete control and util
i:ation nf watt"rs of the Colora.!o Rin·r would be far-
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reaching. Some benefits are tangible and arc subject to 
nH'<IS!Irrrncnt in monetary terms with a considerable de. 
grec of accuracy while others are less tangible and are not 
subject to accurate measurement. For example, a stable 
agriculture and abundant low-cost power together pro
\ ide a sound ba:,is for industrial and commercial ex pan· 
~ion and thus are important to the region and the 1\iation 
but are not readily susceptible of dollar evaluation. Still 
other values would grow from better control of silt in the 
>tream channels, from improved conditions for fish and 
wildlife, and from the enhancement of recreational facili
ties. A few of these less tangihle benefits to the West and 
to the Nation are cited in the f, •llowing paragraphs. 

46. In the Colorado River Basin arable land without 
water is worth $1 to $5 an acre. Improved and irrig~tted 
it would be worth $75 to $300 an acre. The reclaiming 
of I ,500,000 acres would probably add more than one
quarter billion dollars to taxable values and supplemental 
water for 1,100,000 acres would further expand the tax 
base from 50 to 1 00 million dollars. This would pro
vide increased return to State and local t.txing institutions 
thus pennitting improvements in the various services nec
e&ary to the welfare of the people. lnrreased earnings 
would also reflect favorably on income·ta.x receipts. 

4 7. An inc;rcase in gross ,crop income estimated at 
$65,000,000 a year at prewar prices would in substantial 
measure represent feed for livestock. Conversion of these 
crops to beef, mutton, hides, wool, poultry, and dairy 
products would result in a much higher gross farm in
come. The increased revenue to the farmers would be 
~ptnt in part for domestic and professional services, for 
common and skilled labor, for transportation and utili
ties, and for processing and packing. The thousands of 
farm families and an appreciably greater number who will 
prm·ide services for the people will have increased pur
chasing power for services and commodities provided 
from nearly all parts of the Nation. 

48. The availability of an abundance of low-cost dec· 
tric power would stimulate industry in the entire power 
market area and, lile expanded irrigation, would result 
in the creation of Aew taxable values, new opportunities, 
and increased purchasing and consuming power. Elec
tricity could partially replace the West's diminishing oil 
fC$Crves as a source of fuel and energy in homes, factories, 
and railroads. It would stimulate further the extraction 
and processing of the Colorado River Basin's vast mineral 
rr~ourres including metals, fertilizers, and tbe coal and 
shale which in the not-far-distant future may replace 
petroleum as the Nation's major source of oil and gaso
line. 

49. Increased production of food and fiber on basin 
famlS would help to meet the increased demands of a 
growing Nation. The livestock and livestock products, 
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citrus and other fruits, vegetablt:!;, seeds, sorghums and 
other agricultural produce from Colorado Riwr Basin 
farms as a rule are not produced in this country in suf· 

)icient quantities to satisfy dumestic needs. Foods pro
duced in the basin are predominantly of a variety needed 
to improve the national diet alld assure good health. The 
crops 'are supplemental to, rather than competitive with, 
crops produced on agricultw allands of other sections of 
the country. Full development of the water resources of 
the Colorado River will actually increase the demand fur 
the products of farms in the great midwestern and south
ern fam1 belts. 

50. Resen'oirs will add scenic beauty and haYe recrea
tional value. They will become the habitat of fish and 
wildlife. By affording control of stream flows they can 
be operated to improve fuhing in the Colorado River and 
its numerous -tributaries. Improved roads constructed to 
remote reservoirs, power plants, or tunnel portals will 
make acces.~ible great scenic wonders, fishing spots, and 
hunting areas not now reached by modern travel. 

51. Construction of the many projects would provirie 
widespread employment. Less than half of the amount 
spent fo1 labor would go to workers at projrct sites and the 
remainder to workers at producing cente~, piincip_ally 
east uf the irrigation States. As the projects are placed 
in operation many thousands of people will find empl.·)
ment opportunities in agriculture, industry, and the nu
merous associated and dependent enterprises tl1.tt will be 
expanded or created as a result of these de\·elopmcnts. 

52. The Nation will more nearly approach economic 
self-sufficiency in the production of food and in the mining 
and processing of minerals. Vast facilities for increasing 
the national strength with food, power, industry, and 
mineral development, constructed in times when labor 
and materials are abundant, will stand ready to produce 
with a minimum expenditure of effort in time of w:u. 

Reimbursement and Flood Control Allocation 

53. The total estimated con~truction cost of all the 
potential within-basin projects outlined in this report is 
$2,185,442,000, ba.'ll!d on January 1940 prices. Costal
locations to some benefits of a public character cannot 
appropriately be considered repayable by the water users 
under reclamation laws. Of the total cost, it i.~ estimated 
that an allocation of $25,000,000 may reasonably Le made 
to flood control. It is further estimated that gro.'IS reve
nues collectible from irrigators, power users, and munic· 
ipalitics will amount to $57,500,000 annually in excess 
of costs for oprration and maintenance. The latter sum 
could be applied toward repayment of those reimburs
able co.~ts resulting from th•• allocations made to the 
\a rio us lx:nefits. 
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Construction Program 

54. There is need for proceeding at an early date with 
the construction of certain of the potential projects. In 
ure.:1s such as would be served by the Animas-LaPlata~ 
Hurricane, and Snowflake projects, existi11g distress result
ing from the lack of opportunities in irrigated agriculture 
should be rclic\'ed as promptly as practicable. The power 
markets of southern California and southern Arizona will 

' shortly 'require the construction of a major hydroelectric 
development on the lower river; similarly, the load growth 
in Utah and western Colorado will require construction 
of power developments in the upper basin'. An existing 
economv in the Salt and Gila River Valleys in central 
Arizon; is threatened with ~rrious losses through overdraft 
of its water supply from underground sources. Key de
velopments necessary in many instances before lesser de
vdopments can proceed, should be constructed at an early 
date in order that those dependent projects may follow 
in logical order and basin-wide development be under-
taken in stages. . 

55. To acth·ate a construction program, it is'sug~ested 
that the afiected States decide from among the known 
potentialities which projects they desire to have the Bu
rea.u of Reclamation consider for construction and that 
such projects as are selected for construction con~prise the 
next stage of development. The economic feasibility of 
the group uf projects included in this next stage of devel
opment would be comprehended in the finding of feasi
bilitr for the over-all ultimate development of the ba!>in. 
The group of projects should include .those for which 
there is an immediate need and for which adequate water 
right.<~ consistent with the Colorado Riv'cr Compact and 
its associated and dependent documents are assured. As 
ha.s been st4ted, the agencies which have prrpared this 
report stand ready with their consultative services to assist 
the States in this selective process. When the next stage 
of development ha.s been decided upon, it may be pre
sented to the Congress :\5 a program for authorization of 
construction. 

Related Investigations 

56. Various Federal ngcndcs having an interest in 
dcvrlnpment of n·sourn·s in the basin have collaborated 
in the pr~:p, .. iltion of this report. These agrndrs have 
wr1peratcd to the extent of funds and pnsouncl available, 
a11J tlwir ~pccilic comnu.:nt~ nrc found in d~<lpttT VI II 
of thr substautiatin;:;- material atl.achrd. 

57. Tlw GrnlL1giral Survey has furnishrd ha.~ic data 
un ~trt'.lm flow, ground-watrr ~upplie~. qu.tlity of watL·r, 
wa!f'r utiliz.ltio11, minerals, and m3ppinu;. In order to 
oht;tin additinn;1l b.1.'ic !.Kts related to both ~urfarr watrr 
ami grolllh.l W;tll'r of the Colorado River n ... ,in, tlie 
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Geological Survey has outlined a 3-year invcsti~~:ational 
program estimated to cost about $650,000 a year. The 
basic water facts obtained by the Geological Survey are 
needed for use not only in the dc~ign, construction, and 
operation of potential projects but also in the planning, 
construction, operation, and administration of other struc
tures, present and futnre, involving the use of water in the 
basin. Surveys and investigations should be prosecuted 
actively so that data secured will be continuous and 
representative. . 

58. The National Park Service has surveyed the recre
ational possibilities of the potential projects and has made 
a number of specific recommendations which will enhanre 
their recreational value. The Bureau of Reclamation 
concurs in the objectives of these proposals. The Na
tional· Park Service, however, questions the advisability 
of the Moab power project on the ground that it "would 
inundate the lower slopes and bottom of an unusually 
scenic canyon and eliminate the existing road whjch run~ 
through the canyon between Moab and Dewey, Utah." 
A road could be constructed along the edge of the reser
voir, and in all probability this would add to the scenic 
attractions of the canyon. Such differences do not rep
resent conflicts between the purposes of these agencies 
both of which de-ire to secure maximum over-all benefits 
for the people of the basin. 

59. The Fish and Wildlife Service has made prelim
inary studies of the potential projects reported herein and 
has made a·number of specific recommendations which 
will assure the restoration and conservation of fish and 
wildlife resources. The Bureau of Reclamation concurs 
in principle with these recommendations. Owing to very 
limited stream flows which prevail during dry years, how
e\'cr, it would be impracticable to maintain the minimum 
rcka~lS of water which are desired. As detailed project 
plans are prepared, the interest of the fi:,h and Wildlife 
Scn·ice can be correlated into a unified program. In 
order to provide the increased fish stocking required for 
the new reservoirs the Fi~h and Wildlife Ser\"ice should 
develop and expand its present facilities at Spring\'illc, 
Utah, construct a new combination trout-bass fisheries 
station ncar Page Springs in Oak Creek Canyon, about 
40 miles south of Flagstaff, Ari.L., and snpplrnwnl thr 
farilities of this new hatchery by furtl1er developing the 
Willi:uns Station for m·cc~5ary incubation of trout eggs. 
as rel'ommendeJ in it~ report. 

60. The Gnlzing Service ha.s outlined the ohjectin:s of 
iL~ range impro\'cmcnt progt-.un and the benefits that will 
result from potential projects in stabilization of the live
stock industry and conscn·ation of natmal resourc!'~. Rc 
suits of the proposed RnlantJti(ln pn,gram in the Colll
rado River Jh.,in \\ill be favorable from a Gr:ll.ing Scn·icc 
\'iC\" point. 

u 1. The Bun'au of ~fines has probed the minerals of 
the b:t~in to di~cowr how they might be~t be mined, proc-
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c,.,c,< .tud utilized to support the mcwilurgical and in
•.il!'!i j,J econorm J,.<! !." envi.~ioncd. '"The mim:ra.i in
du,!rics in the C~lorado River Basin cun~titute one of the 
mo~t obvious outlets for power generated at multiple
p1upose dams." 

62. The Office uf Indian Affairs has outlined projects 
that will bt:nefit the Indians of the basin. 

63. The General Land Office, \\hich administers about 
6 million acres of public land in the Colorado River Basin, 
has uutlincJ a program to obtain optimwn use of these 
public lands and to coordiate their utilization with the 
dewlopment of water resources. 

ti-t. The Forest Service has empha.sized the need for 
tareful management of water on the national forest lands 
tu iil>ure adequate safeguarding of the water yields. 

65. The Federal PowerCommissionhasfurnished data 
upon which power utilization and market trends are based 
and has commented generally on the power resources of 
the basin. 

66. The interest and cooperation of State and local 
groups, as well as other federal agencies in the basin, are 
reflected throughout the report. · 

Conclusions 

67. Future development of the water resources of the 
Colorado River Ba.~in is needed to relieve economic dis-

. trc>S in lonJ areas, to stabilize highly developed agricul
tural areas, aud to create opportunities for agricultural 
and indu~trial growth and expansion throughout the Colo
rado River Basin. Such development should be compre
hended in a basin-wide plan for ultimate development 
of all ''ater re;ourc~ of the basin. The potential projects 
ilW!inrd in this report will form the basis for future de
tailed investigations and the selection and construction of 
sound projects. Considered as a group, th~e projects are 
an index of the over-all results and benefits to be expected 
fmm the development and utilizatidn of all the available 
"aters of the Colorado Ri,cr S)~tem. They indicate also 
the tn:.;ineering feasibility anJ economic justification of an 
on:r-all pLm for baSin development. Planning has prog
r~~ed sutfiri..:ntly to make possible a selection from among 
tht: pntcntialitiL-s of a group of prnjects to comprise a con
'lfllf ti•m program fur the next stage of basin development. 
ThL~C project<; should be key features of or should fit into 
r he final comprehensi,·e plan to be developed through con
tinued in\'Cstigations and planning. 

1;3, There is not enough water available in the Colorado 
~iver sy>tcm for full expansion of exkting and authori1.cd 
projects and fur all potential projects outlin<"d in the re
port, including the new po>~ihilitic~ ft >r exporting water to 
. 1djaccnt w atrr>hcJs. The need for a detcm1ination of the 
ri~hts of thr rc~pccti1c States to deplete the flow of the 
c.,Jor.:tdo River Cl)ll~i>tent with the Culorado Rh er Com-
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pact and its assodated documents thm·fore is most 
pn:ssing. ~ 

69. It is concluded that future development of the 
water resources of the Colorado River Basin would benefit 
the National and local economies and a plan for develop
ment of all the water resources of the basin should there
fore be effectuated, that the selection of a group of projects 
comprising the next stage of development would represent 
a logical step in effecting that plan, and that detailed in
vestigations to develop the succeeding stages should be 
continued. 

Recommendations 

70. The following recommendations are made in view 
. of the fact that there is not enough water available in the 

Colorado River system to permit construction of all the 
potential projects outlined in the report and for full ex
pansion of existing and authorized projects, and that there 
has not been a final determination of the respective rights 
of the Colorado River Basin States to deplete the flow of 
the Colorado River: 

( l) That the States of the Colorado River Basin, 
acting separately or jointly, recommend for construc
tion, as the next stage of development, a group of proj
ects, the stream-flow depletions of which will a'iSuredly 
fall within ultimate allocations of Colorado River wa!er 
which may be made to the individual States . 

( 2) That the States of the Colorado River Basin dc
temune their respective rights to deplete the flow of 
the Colorado River consistent with the Colorado Rh·er 
Compact. 

( 3) That additional investigations, summarized be
low, and appropriations to the Department of the In
terior for use by tl1e various agencies within that De
partment for these investigations, be approYed. 

(a) The Bureau of Reclamation to continue and 
expand its detailed investigations of poten~al projec.ts 
within the States of the Col,>rado Ri1·er Basm to obtJ.In 
adequate information by \1 hich the Department of the 
Interior.in cooperation with the basin States can for
mulate a comprehensive plan for ul'C of all the wate~ re
sources of the basin and sdect and recommend pwJeCL> 
for successive stages of development. . 

(b) The Gc0logical Survey . .Xational. Park Sernce, 
Fi~h and Wildlife Service, Grazing Sernce, Bureau of 
~lines. Office of Indian Affairs, and General Land 
OfTice"to initiate or continue to conduct such investiga
tions and studies as required by the Secretary of ~e 
Interior to fommlate and carry out the comprehen~t,·e 
plan. 

E. A. 'MoRm, 
Regional Dim tor, Regio11 l/1 . 

E. 0. L.o\RSO:\, 

Rt:gionul Di~ator, Re:;ion I 1'. 
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Foreword 

Yesterday the Colorado River was a natural menace. 
L'nharnC'lScd it tore through deserts, flooded fields, and 
rav:~ged villages. It drained the water from the moun
tains and plains. rushed it through sun-baked thirsty 
lands, and dumped it into the Pacific Ocean-a treasure 
lost forever. ~Ian was on the defensive. He sat help
lessly by to watch the Colorado River waste itself, or at
tempted in \ ain to halt its destruction. 

Today this mighty river is recognized as a nationalJe
source. It is a life giver, a power producer, a great con
stnwti\'e force. Although only partly harnessed 
by Boulder Dam and other ingenious structures, the Col
orado River is doing a gigantic job. Its water is provid
ing opportunities for many new homes and for the grow
ing of crops that help to feed this nation and the world. 
Its power is lighting homes and cities and turning the 
wheels of industry. Its destructive floods are being re
duLed. Its muddy waters are being cleared for irrigation 
and other uses. . · 

Tomorrow the Colorado River will be utilized to the 
wry last drop. Its water will convert thousands of addi
tional acres of sagebrush desert to flourishing farms and 
beautiful homes for servicemen, industrial workers., and 
native farmers who seek to build permanently in the West. 
Its terrifying energy will be harnessed completely to do an 
even bigger job in building bulwarks for peace. Here is 
a job so great in its possibilities that only a nation of 
free people have the vision to know that it can be 
done and that it must be done. The Colorado River 
is their heritage. 

In 1902, Congress established a fund, "known as the 
Reclamation Fund, to be used in the examination and 
~;m·ey for and the construction and maintenance of irriga
twn works for the storage, diversion, and development of 
waters for the reclamation of arid and semiarid lands in 
the" public-land States, and authorized and directed the 
Secretary of the Interior "to make examinations and sur
':eys for, and to locate and construct * * * irriga
tiOn works for the storage, diversion, and development of 
waters, including artesian wells, and to report to Congress 
at the beginning of each regular session as to the results of 
sud1 examinations and surve}s, giving estimates of the cost 
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of all contemplated works, the quantity and location of the 
lands which can be irrigated therefrom, and all facts rela
tive to the practicability of each irrigation project; also 

. the cost of works in process of construction as well as of 
those which have been completed." (Act of June 17, 
1902, 32 Stat. 388.) 

Responsibility for planning the control. improvement, 
and utilization of the Colorado River was a"Signed spe
cifically to the Secretary of the Interior in the Boulder 
Canyon Project Act of December 21, 1928, which author
ized and directed the Secretary "to make investigations 
and public reports of the feasibility of projects for irriga
tion, generation of electric power, and other purposes in 
the States of Arizona, Nevada, Colorado, New ~Ie.xico, 
Utah, and Wyoming for the purpose of making such infor
mation available to said States and to the Congress, and of 
formulating a comprehensive scheme of control and the 
improvement and utilization of the water of the Colorado 
River and its tributaries." (Sec. 15,45 Stat. 1065.) 

The Boulder Canyon Project Adjustment Act of July 
19, 1940, further directs the continuation and extension. 
under the Secretary of the Interior, "of studies and in
vestigations by: the Bureau of Reclamation for the formu
lation of a comprehensive plan for the utili.z.ation of 
waters of the Colorado River system for irrigation, elec
tri~al power, and other purposes, in the States of the 
upper division and the States of the lower division, in
cluding studies of quantity and quality of water and all 
other relevant factors." (Sec. 2, 54 Stat. 774-.) 

In compliance with the law and in fulfillment of the 
public trust the Bureau of Redama~ion sponsore~ ~e 
preparation of this report. With a v1ew to detrnrurnng 
how the people in the basin and in the Nation can be 
benefited by further development of water resources, the 
repo1t surveys the resources and tr:1ces ~he ec~nomic de
velopment in the basin. It includes a discussion of pres
ent water resources development and descriptions of many 
potential projects. These projects indicate potentialities 
for ultimate development of all the water resources of the 
basin. Alternative projects are included in order that 
relative merits of all po§.ibilties can be weighed, and 
those projects most likely to yield the greatest good to the 
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greatest number of people can be selected for construction. 
All beneficial uses, including the irrigation of land, the 
production of hydroclertric power for the development 
of mineral resources and other industrial purposes, the 
furnishing of domestic and municipal water supplies, the 
preservation of fish and wildlife, and the enhancement 
of recreational areas, together with the control of floods 
and silt, and the restoration of ground-water levels were 
taken into account in formulating the potential projects. 

This comprehensive report provides a basin-wide per
spective for planning coordinated development on a 
sound basis. From time to time as additional detailed 
investigations of particular projects are completed and 
as various intrastate, interstate, and international prob
lems are solved, modifications and changes will be indi
cated to assist in the selection of projects and the shaping 
of the ultimate development plan. Intrastate and inter
state problems, to be solved by the citizens and States of 
the Colorado River Basin, and international problems, 
to be solved by the United States and :Mexico, are inter
related, the solutions of some being dependent on the 
pmious solutions of others and on additional investiga
tions and construction in the basin. Such problems are 
being and will be solved in an orderly manner as needs 
arise. Further investigations and construction in the 
basin will be undertaken as authorization is given and 
appropriations made by the Congress. 

Although the water supply available for potential proj
ect" for exportation of water outside the natural basin of 
the Colorado River is discus.sed in this report, no attempt 
i.~ made to evaluate the costs or benefits of such projects. ' 
They will ~ evaluated separately or in c01mection with 
ba.~in reports of importing watersheds. 

In the preparation of this report various agencies of 
the Department of the Interior that are involved in the 
devdopm~nt of the Colorado River Basin cooperated 
with the Bureau of Reclamation to a.'sure that coopera
tive planning for water development would be keyed to 
the welfare of the people of the basin. Their cooperation 
is reflected throughout the report and their specific con
tributions included in chapter \'III entitled "Cooper
ating Interests in the Ba.,in." The Bureau of Redamation 
is the agency Q{ the Department of the Interior authorized 
to plan, con~tmct, and operate projects for the 
reclamation of arid land, the production of hydrodcctric 
power, and othrr lx-ncficial purpo:,es through the devel
opment of water resources. The Geological Surwy has 
supplied valuable information on water supply, cla.,~ifi
~ation. or_ minrrallanl1~, mineral r~urces, and mapping. 
lbe !"attonal Pi.lrk Service, ronrerneJ primarily with the 
preservation of parks and area$ of historic and Sfenic in-
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terest for rnjoyment of the American people, has indi
cated and evaluated possible benefits of the potential 
projects to recreation. The Fish and Wildlife Service has 
jurisdiction over Federal game refuges and is the Federal 
custodian of the fish and wildlife resources in the ba;;;in. 
The Grazing Service, administering the Federal grazing 
lands in the basin, is protecting watersheds from o\·er
grazing, erosion, and other abuses, and is interested not 
only in securing adequate water supplies for stock but in 
the production of more irrigated crops to supplement 
range forage. The Bureau of Mines is engaged in the 
exploration and development of mineral resources and 
has a vital interest not only in flowing streams as a source 
of water necessary for mining, milling, and extracting 
metals or minerals from ores but in the availability of 
low-cost hydroelectric power for further development of 
mineral resources. Guarding the interests of the Indians 
in the basin is the Office of Indian Affairs which manages 
all Indian matters, including economic development, for· 
estry and grazing, irrigation, education, and other activ
ities. The General Land Office, which has jurisdiction 
over unappropriated and unreserved public domain, has 
outlined a program for the Colorado River Basin that 
consists largely of land classification, cadastral surveys, 
and investigation of mineral claims. 

Other Federal agencies that have an interest in devel
opment of the basin also ha,·e made substantial contri
butions which are included as a part of chapter VIII. 
The Federal Power Commission has assisted in the studv 
of power resources of the Colorado River Basin. Clos~ 
cooperation with the Forest Service of the United States 
Department of Agriculture is important because increa~ed 
irrigation developmrnt will require intensified watershed 
management on the National forest lands to insure ade
quate safeguarding of their water crop. The Corps of 
Engineers, United States Army, has submitted plans and 
suggestions for some flood-control projects, such infonna
tion being i.ncluded in the supporting data for the report. 

Throughout the preparation of this report the Bureau 
of Reclamation cooperated with the various States and 
local agencies concerned with development in the ba;;;in. 
A tentative draft of the report was submitted to the Com
mittees of 14 and 16, which committees represent the 
Colorado River Basin States and the Boulder Dam Power 
allottecs, for thdr m·iew and suggestions for re\i-;ions. 
Financial assistance has also been rrcein:d from the 
States. 

Eleven maps showing water resources de,·clopment in 
each of the seven Colorado River Basin States, existing 
and potential power dc:\'clopments, conservation arcJ.S 
and fadlitics, and mineral rt"SSurces are an appendix tl) 

this report. 
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Fallowing is a list of terms that appear in the report, and their de.fin itions: 

f>n.abl,• /m;d.--Land suitable for irrigated farming 
ith lt1J~d within au e..xi.stin~ project or within a potential 
dn dnpment tha~ reasonably wuld be furnished a water 
<;,pp:y. 

;\ ,·u.· /,mJs.-Irrigable lands which could be irrigated 
a!'cr pn.:jlct c!,.vclopment. 

5neam f.ou•.-The flow in a stream channel. The 
\olnmc of Jiow is measured in acre-feet The rate of 
;)ow is measured in second-feet. 

.!ere-foot.-.-\ unit of measure of volume. It is equh·· 
alent to du: quantity of water that will cover 1 acre 
( 43,560 square feet) 1 foot deep. 

Second-foot.-:\ unit of measure of the rate of stream 
tiow. It b the flow of 1 cubic foot (7.48 gallons) of 
\\ ;,ta p.l.'Sing a given point per second of time. 

Ditd.arge.-The rate of flow; commonly expressed in 
s~:cond-feet. gallons per minute, acre-feet per day, etc. 

Run-ofi.-The precipitation that appears as flow in 
streams. It is usually measured in volume per unit of 
time, such as acre-feel per day, month, or year. 

Return jlJw.-That part of diverted stream flow re. 
turning to the stream. 

Stream depletion.-The reducti<?n in stream flow due 

to man-made improvements as they affect the virgin 
water supply of the Colorado River at Lee Ferry and at 
the International Boundary. 

Silt.~ The solid matter or sediment transported by a 
flowing stream. 

Acti:.;e storage capacit)'.-That space in the upper 
part of a re.«ervoir normally utilized in regulating stream 
flow for purposes of irrigation, power, flood control, etc. 
Sometimes referred to as live storage. 

Inactiz·e storage capacity.-That space in the lower 
part of a reservoir not emptied in nom1al operation. It 
may be prodded for a sedimentation pocket, to develop 
anJ maintain a power head, to establish a permanent 
lale for fish culture, recreation, etc. Sometimes n-ftTied 
to as dead storage. 

Firm power.-Power that can be made available at any 
time to meet load demands. Production of finn power by 
hydroelectric plants is limited by water supply during 
years of low stream flow. 

Kilowalt.-A unit of measure of rate of producir.g 
electrical energy. 

Kilowatt-hour.-A unit of measure of quantity of elec
trical energy. 
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CHAPTER I 

The Natural Setting 

The Colorado River rises high in the snow-capped 
Rocky Mountains of north central Colorado, flows nearly 
1 ,400 miles southwest, and empties into the Gulf of Cali
fornia in Mexico far to the south. It is the second longest 
river in the United States outside the Mississippi River 
system. This mighty river has gouged the rock of the 
mesas into gorges and chasms, most spectacular of which 
is the world-famous Grand Canyon in Arizona, a titanic 
cleft OYer 200 miles long, as much as 12 miles wide, and a 
mile deep. · 

The Colorado River drains a vast area of 244,000 
square miles, 242,000 square miles in this country-one
twelfth of the area of Continental United States--and 
2,000 square miles in northern Mexico. The basin from 
Wyoming to below the Mexican border is some 900 miles 
long and varies in width from about' 300 miles in the 
upper section to 500 miles in the lower section. It is 
bounded on the north and east by the Continental Divide 
in the Rocky Mountains, on the west by the Wasatch 
Range, and on the southwest by the San Jacinto Moun
tains, a range of the Sierra Nevada. Tributaries extend 
into seven of the large Western States including Arizona, 
California, Colorado, Nevada, New Mexico, Utah, and 
Wyoming. 

The Salton Sea Basin, an additional area of 7,800 
square miles which includes the Coachella and Imperial 
Valleys in southeastern California, is discussed as part of 
the Lower Colorado River Basin. It is, however, to be 
distinguished from other lower Colorado River areas be
cause whatever Colorado River water reaches it cannot 
return by gravity flow to the parent stream. 

Physical Characteristics 

The upper or northern portion of the Colorado River 
Basin in Wyoming and Colorado is a mountainous pla
teau, 5,000 to 8,000 feet in altitude, marked by broad 
rolling valleys, deep canyons, and intersecting mountain 
r~nges. Hundreds of peaks in these mountain chains 
nse to more than 13,000 feet above sea level and many 
exceed 14,000 feet. There are many picturesque moun
tain lakes in these headwater sections. The southern por-

tion of the basin is studded with rugged mountain peaks 
interspersed with broad, level, alluvial valleys and rolling 
plateaus. 

The main stream and its principal tributaries in Colo
rado flow, for the most part, in deep canyons. The 
Green River, primary tributary of the Colorado River, 
flows in similar canyons in Wyoming, Colorado, and 
Utah and its chief tributaries, Yampa and White Rivers 
from the east, and Duchesne, Price, and San Rafael 
Rivers from the west, flow through rolling hills and 
canyons to reach the Green. 

The San Juan River, a large tributary of the Colorado 
River from the eru>t, drains mountain slopes and plateaus 
in southwestern Colorado, northwestern New Mexico, 

. and northern Arizona and flows through a formidable 
canyon in southeastern Utah, joining the Colorado in 
Glen Canyon. The Glen Canyon section of the main 
stream and tributaries thereto are in deep canyons, drain
ing a series of plateaus and mesas. 

Below Glen Canyon is the awesome Grand Canyon 
where the Colorado has carved an unparalleled chasm. 
This canyon yawns above an inner gorge, rising in gi
gantic cliff-steps to the Colorado plateau, a mile above 
the stream bed. This great central plateau is a rolling 
expanse of brightly hued crags and cliffs, huge canyons, 
painted deserts, and extensive almost inaccessible barren 
areas. Elevations on the mesas of the plateau section 
generally range from 4,000 to 6,000 feet. The principal 
tributaries in this section are the Little Colorado River on 
the east and the Virgin River on the west. 

Emerging from the canyon country at the southeast· 
corner of Nevada the Colorado River courses through 
broad valleys bordered by mesas. The Gila River, main 
tributary in this section, rises in the mountainous region 
of southwestern New Mexico and drains most of southern 
Arizona. 

Southwest of the Gila Basin the Colorado River con
tinues through its great delta area to the Gulf of 
California. 

Physical characteristics suggest seven main divisions of 
the Colorado River Basin in the United States, three m 
the upper basin, or the drainage area above Lee ~erry, 
Arizona, and four in the lower basin, or the dramage 
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_. ::::. ,; ··~ · · .. , · ; JUNqTION OF GREEN AND COLORADO RIVERS 
· ' The Colorado (left) ~ is joined by the Green (right), its largest tributary 

BOW-KNOT OF THE COLORADO RIVER 
The Colorado meandn-s hundreds of miles through detp ca~yons in Utah and A rhona 
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COLORADO RIVER BASIN 
Divisions of upper and lower basins 

area downstream from Lee Ferry to the Mexican border. 
The Green division includes that part of Wyoming, Colo
rado, and Utah drained by the Green River. The 
Grand didsion is that part o{ Colorado and Utah drained 
by the Colorado River above the mouth of Green River. 
1he San Juan division takes in that part of Utah, Colo
rado, New Mexico, and Arizona drained by that section 
of the Colorado River between the mouth of the Green' 

Riwr and Lee Ferry. The Little Colorado diuision in
cludes that part of Arizona and New Mexico drained by 
the Little Colorado River, e.xcluding that part below 
Moenkopi Wash. The Virgin dit•isicm covers that part 
of Utah, Arizona, and Nevada drained by Kanab Creek 
and the Virgin and Muddy Rivers. The Boulder dh1-
sion includes the Imperial and Coachella Valleys in 
southeastern California and that part of Arizona, Nevada, 
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and California tributary to the Colorado River below 
'Lee Ferry, excluding that part of those States tributary to 
the Little Colorado River above Moenkopi Wash, Kanab 
'creek, Virgin River, Muddy River, and the Gila River 
above Sentinel. The. Gila division comprises that part 
of Arizona and New Mexico drained by the Gila River 
above Sentinel and small independent drainage areas in 
Arizona and southwestern New Mexico. 

For convenience in presenting some of the data and 
information in this report, reference is made to these seven 
divisions, detailed descriptions of which follow. 

GREEN DMSION 

From glacier-capped peaks on its Rocky Mountain rim 
to the barren wastes of its lower valleys and plateaus, the 
Green River Basin is one of great contrasts in topography. 
Wooded upland slopes are flanked with fertile grass-cov
ered valleys, which in tum give way to dry and eroded 
badlands and deserts. 

Rising in western Wyoming in the Wind River Moun
tains on the Continental Divide, the Green River also 
drains the northwest comer of Colorado and discharges 
into the Colorado River in southeastern Utah, 350 miles 
south of its origin, its meandering length totaling 730 
miles. It drains 45,000 square miles, an area as large 
as the State of Pennsylvania, 39 percent of which is in 
Wyoming, 37 percent in Utah, and 24 percent in Colo
rado. Elevations in the Green River Basin range from 
3,876 feet above sea level at the mouth of the Green. 
Rh·er to 13,785 feet at Gannet Peak in the Wind River 
Mountains. Large areas of desert plateau contribute 
practically no water to the stream. Numerous small gla
ciallakt"S head the Green Rh-er and its higher tributaries. 

The Yampa and White Rivers, tributaries from the east, 
both originating in ColoraJo on the western slope of the 
Rocky :Mountains, flow westward and generally parallel. 

, Much of the drainage area consbts of rolling hills, but 
several prominent peaks rise within and between the 
basins of the two streams. 

Duchesne, Price, and San Rafael Rivers, tributaries 
from the we:st, head on the eastern slop<' of the Wasatch 
Mountains and flow southeast to Green River. 

GRAND DMSION 

The Colorado River above the mouth of the Green 
Rivrr was known to earlier generations as the Grand 
River. For that reason the area d,·aincd by the upper 
Colorado River is called the Grand division. A :.:!00-mile 
~trip of the Continental Divide through Cl'ntral Colorado 
forms the eastern lxlUndary of the division, which in
cludl'S the basin of the upper Colorado Rivrr and its 
tributaries down to the junction of the Colorado and 
Grrt'n Rivers in Utillt. 

THE COLORADO RIVER 

The Colorado River rises among lofty peaks in the 
northwest portion of Rocky Mountain National Park, 70 
miles northwest of Denver. Bowing southwest to Green 
River, it has an air-line length of 265 miles and a mean
dering length of 420 miles. It drains 26,500 square miles 
an area larger than West Virginia. Only 11 percent or 
4,300 square miles of the area are in Utah while 22,200 
square miles are in Colorado. Elevations range from 
3,876 feet above sea level at Green River to more th;tn 
14,000 feet at mountain peaks. On this western slo1pe of 
the Continental Divide are rugged mountains and high 
plateaus where the river and its numerous tributaries have 
become deeply entrenched in steep rugged canyons and 
relatively narrow valleys. · 

Main tributaries in the first 160-mile length of the 
Colorado River's southwest course, above Grand Junc
tion, are Fraser, Williams, Blue, Eagle, and Roaring Fork 
Rivers from the south and Willow, Troublesome, and 
Muddy Creeks from the north. Gore Canyon, 80 miles 
above Glenwood Springs, is of special interest. Here the 
river tumbles through vertically walled canyons, dropping 
360 feet in 5 miles in the steepest fall on the river. 

Gunnison River, principal tributary of the upper Colo
rado River, has its headwaters draining the Continental 
Divide, and flows northwest to meet its parent stream at 
Grand Junction. North Fork and Uncompahgre River 
are the largest tributaries of the Gunnison. 

Dolort"S River, rising on the western slope of the San 
Juan :Mountains, flows generally southwest and is joined 
by the San Uigucl River and other lesser tributaries be
fore flowing alternately through canyons and narrow 
valleys to the Colorado River in Utah. 

SAX jt:AX.DVISIOX 

This area is rich in prehistoric Indian ruins, in natural 
wonders, a!ld in spectacular scenic beauty. The area, 
with an elevation difference of more than 2 miles be
tween the lowest and highest points, is one of extreme 
contrasts in topography. High tree-clad mountain areas 
with numerous clear, fish-stocked streanlS and small lakes 
rapidly give way to fertile foothill valleys, which merge 
into a vast, broken and barren, but picturesque and 
highly colored, plateau. 

Deeply entrenched in this plateau the Colorado Ri,·er 
meanders southwestward for 220 miles from the mouth 
of the Green River to Lee Ferry, an air-line distanl'e of 
130 miles. This section of the river, together with its 
tributaries, drains 39,000 square miles, an area almost as 
large as Ohio. Forty-three percent of this area is in Utah, 
25 perct'llt in New ~lcxico, 17 percent in Ariwna, and 
15 percent in Colorado. 

Tite main tributary to this stretch of the Colorado Riwr 
is the San Juan Ri\'cr. S(·cond brge~t tribut.uy of the 
Colorado, the San Juan Rh·er heads on tl1e wcskrn ~lope 
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BLACK CA1\iYON OF THE GUNNISON RIVER 
The riuer has cut through crystalli1ie rock to a depth of3,000 feet 
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of the Continental Divide in southwestern Colorado and 
. flows west, entering the main stream from the east 80 
. miles upstream from Lee Ferry. 

Three small rivers, Fremont, Escalante, and Paria, ris
ing on the Wasatch and Escalante mountainous plateaus, 
join the Colorado from the west. The streams in this 
division are erratic with violent fluctuations of flow in 
their lower reaches. In the deep canyons cut through the 
plateau areas these streams tum into raging silt-laden tor
rents during periods of heavy or continued downpours. 

LITTLE CoLORADo DMSION 

A region of spectacular beauty with a wealth of scenic 
splendor, the Little Colorado division embraces an area 
of 25,000 !lquare Iniles, 81 percent of which is in north
eastern Arizona and the remainder in wesHentral New 
Mexico. Barren stretches of arid wasteland, petrified 
forests, painted deserts, rolling ranges, stately timber, and 
loftv mountains characterize the area. 

The Little Colorado River rises among the evergreen 
forests of the White ~fountains at elevations above 9,000 
feet, flows through canyons that widen at intervals into 
valleys, enters a generally broad, sandy channel with low, 
steep, side walls, then cascades into a deep rock canyl)n 
and continues to the Colorado. 

Northern tributaries· of the river head in canyons in the 
Kaibab and Fort Defiance Plateaus and Black :1\lesa. As 
they approach the main valley floor, the channels widen 
to broad, flat sandy washes with low vertical side walls. 
Creeks draining the southern. part of the basin rise as 
cry~tal mountain streams in the wooded highlands of the 
.Mogollon Rim and flow through steep-walled canyons in 
their lower reaches. 

South and west of the river the basin is dominated by 
the Mogollon Rim and the volcanic features of the peaks 
and cones ncar Flagstaff. ~Most of this area is a gently 
sloping pbin with a few prominences and canyons to 
break the continuity. 

North and Ca:->t of the river at higher elevations lie for
ested platc~us, i~olated mountains, m~as, and sloping 
plains brokenLy volcanic plu~. Paintcll deserts and bad
lands prcdominak in the lowc.:r altitudes. 

Llevation~ in the basin range from 4.100 feet above sea 
kvd bclow 11Iocnkopi Wash to 12,611 feet on the lofty 
San Francisco rcaks. 

Vuv:1:-r DI\1'\JON 

Virgin-new, fre~h, untouched-a sibf1ificant n;uue 
aptly applied by the early explorers. It is an area beau
tified by the fon.es of nature atlLI only slightly touched lw 
man. This typical mountain-desert cnuntry with its 
char;:tctcri.~tic stretth<'s of !land and $:lgd>rush, its doull-
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less sky and scorching sun, is the center of volcanic. 
eruptions and geologic di5placements. 

The Virgin didsion totals approximately 12,700 
square miles, of which 3,600 square miles are in south
western Utah, 3,600 square Iniles in northwestern Ari
zona, and 5,500 square miles in southeastern NeYada. 
Elevations range from 1,200 feet above sea level at Lake 
Mead to 10,000 feet at the headwaters of the Yirgin 
River. 

The terrain is extremely rough and broken. The dom
inating structural feature is the Hurricane Fault escarp
ment which marks the western boundary of the high 
plateau region. From a point ncar Braver, Ut8.h, 
it extends south for a distance of some 200 Iniles, cro~e;; 
through the Virgin River Basin at Hurricane, Utah, and 
extends beyond the Colorado River. Deep gorges and 
rugged, massive erosional forms make up the striking and 
colorful attractions of Zion National Park and Monu
ment located in the area. Comparatively recent lava 
flows and volcanic cones are salient features in parts of 
the division. 

Kanab Creek heads in the Pink Cliffs along the south
western rim of the Paunsaugunt Plateau in Utah at an 
elevation of 9,000 feet and flows 90 miles south to the 
lower end of Grand Canyon, where it joins the Colorado 
at elevation 1,880 feet. Johnson Creek, its principal trib
utary, heads in the same locality and roughly parallels 
Kanab Creek until it enters Arizona, where it turns south
west to join the main stream 5 miles southwest of Fre
donia, Ariz." Above .Kanab, Utah, the drainage area is 
rough and hilly and is covered with sagebrush and juni
pers. Streams are confined to narrow valleys and gorgts. 
Below the confluence of the two creeks the stream plunges 
into the Colorado River through a deepening gorge cut 
into the north-sloping Kaibab and Uinkarat Plateaus. 

Virgin River, heading along the southern rin1 of the 
~!arbgun! Plateau in Utah, flows across the southwest 
corner of Utah, crosses the northwest corner of Arizona, 
and discharg,--s into Lake 11Iead in southea.5tcrn 1\e,·ada. 
The length of the river from its headwaters to its mouth 
is about 200 miles. rerennial tributaries, of \\ hich the 
Santa Clara Ri\'er is the most in1portant, head in the hi_gh 
plateaus and mountains to the north and flow south to the 
main stream. The river aud main tributaries generally 
are wnfined in deep gorges or narrow valleys. Bench or 
mesa lands fringe the main8tream and tributaries in S0I11 t' 

places. 
~Iuddy Ri\'cr, originating in the Sheep .:\l0untains, 

flows southeast for some GO miles to enter Lake ~read nc::r 
the scttlcmmt of Overton, Nc\', rrior to the forn1ation of 
Lake 11[ead by construction of Boulder Dam, :l\IuJJy 
River was trihut.lry to Yirgin Ri\'t~r abnut 25 miles up
stream from the confluence of Virgin and Colorado RiY
ers. Now, hc11 e\'cr, the two streams flow separately into 
Lake UeaJ. )lradow Valley Wa .. •h. the principal ~Iuddy 



THE NATURAL SETIING 37 

GOOSENECKS OF THE SAN JUAN 
A faL·orable site for a dam has been found on San juan River below Bluff, Utah 

LONG-RA.t'IGE VIEW OF GRAND CA1'1YO~ 
This panorama was photographed from Nauajo Wat .:;h Tower 
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River tributary, flows fmm its headwaters south about 
130 miles to its confluence with Muddy River near 
Ivfoapa, Nev. 

BouLDER DIVISION 

The Colorado River enters the northeast corner of the 
Boulder division at Lee Ferry, weaves its way west and 
south for 350 river miles to empty into Lake Mead, then 
flows south 358 miles to the Mexican border. The di
vision embraces an area of 48,600 square miles, including 
the Salton Sea drainage basin of 7,800 square miles. Of 
this area 32,900 square miles are in Arizona, 11,300 
square miles in California, and 4,400 square miles in Ne
vada. Throughout the division great blocks of land have 
been lifted, forming plateaus and mountainous ridges. 
Other blocks have been depressed, forming valleys which 
later filled with material washed from the elevated areas. 
Elevations range from below sea level to more than 12,-
000 feet above sea level. 

For the upper 280 miles, from Lee Ferry to Grand 
Wash Cliffs, the Colorado has cut through an elevated 
area. As the plateau rose slowly during geologic time, the 
river wore its course progressively deeper through the 
rock. forming Grand Canyon, a region of scenic grandeur. 
The most impressively beautiful part of this canyon is the 
105-mile stretch set aside as Grand Canyon National 
Park. 

Grand Wash Cliffs at the west end of Grand Canyon 
is one of the rna jor escarpments in the U nitcd States. 
Here the plateau drops abruptly and is succeeded by al
ternating mountains and valley fills to the upstream end 
of Black Canyon. Through this stretch the Colorado 
dug its channel across the Virgin and Black 1\lountain 
ranges on a grade of 3.2 feet a mile, compared with 8 feet 
a mile in Grand Canyon. The narrowness and depth of 
Black Canyon afforded a favorable site for a high daill. 
Upstream from Black Canyon the river channel togeth1:r 
with the Virgin River and Las Vegas \\'ash side valleys 
fonned an ample basin for water storage and silt dcte·t
tion. The upstream end of Black Canyon was the site 
<hosen for Boulder Dam. 

Williams River, a flashy discharge tributary of the Cu],)
rado, comes in on a steep grade from the east just abo\'e 
Parkl'r Dam, falling 500 fc('t in 32 miles. This stream 
is formed by two branches coming together some 36 miles 
above the mouth, the north branch, Big Sandy River, and 
the r;t.~t branch, Santa Maria River. 

From 1 Ieadgatc Rock to the .1\lrxican border, the Colo
ra<lo River falls an average of 1.4 fed a mile. The Hood 
pl.Lin is ~(·veral miks wide nt'ar Parker, Ariz., Blythe, 
Calif., aml Yuma, Ari1.. Bl'nch lands, a.~ tlm~c nrar Blythe 
and Yuma, are at llHHkratc devations (500 kl't or kli-~) 
above the Colorado Rivrr. 
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Across a range of sand hills west of Yuma is the Salton 
Sea llasin, a depression below sea level about 85 miles 
long and 20 miles wide. In the deepest part is the Salton 
Sea, 20 miles long and 10 miles wide. The surface of the 
sea is 241 feet below sea level. The Imperial Valley is 
considered as the delta sloping from the Colorado north 
to the Salton Sea. Coachella Valley lands slope south to 
the Salton Sea. The Imperial and Coachella Valleys arc 
in large part alluvial deposits from the Colorado River. 
On the east, west, and north, however, the river deposits 
are overlaid on the edges of the valleys by coarser detrital 
material washed from surrounding mountains. 

Gila River, the lower reaches of which are in this di
vision, enters the Colorado River just east of Yuma. 

GILA DMSION 

Broad, smooth valleys, mountain chains, desert v. astcs, 
flowing water-this is the Gila divlliion, a land of extremes 

· and contrasts. It covers an area of 53,000 square miles, 
47,380 of which are in south-central Arizona, and 5,620 
square miles in western New Mexico. Run-off from the 
high mountains of eastern Arizona and western New Mex
ico forms the perennial flows of the Gila River and its 
tributaries. No lakes of any appreciable size are found 
in the basin. Elevations range from 530 feet at Sentinel 
to 12,600 feet at Humphrey's Peak in the San Francisco 
Mountains, near Flagstaff, Ariz. 

Gila River flows for half of its course in steep, precipi
tous canyons alternating with relatively flat valleys. Both 
canyons and valleys are flanked by mountain ranges ris
ing 7,000 to 10,000 feet above sea level. 

San Francisco River, most in1portant tributary of the 
Gila River before its confluence with Salt River, drains 
mountainous regions of southwestern New 1\lexico and 
southeastern Arizona. 

San Pedro River rises in Sonora, ~lexico, and flows 
north to join the Gila River some 20 miles below Coolidge 
Dam. Although most of its course is in open valleys, 
its tributaries drain se\'eral small but high mountain 
ranges. 

Santa Cruz River, heading in the Patagonia and 
Huachuca :Mountains of southern Arizona, flows into 
Sonora, ~fexico, back into Arizona at a point near the 
border city of Nogales, and from there northward some 
130 miles, spreading O\'Cr the desert, v.·ith only occasional 
large flood flows reaching the Gila. 

Salt Ri\'er,largest tributary of the Gila River, is furmed 
by the junction of Black River and White Rh·er, which 
rise in the high, timbered White 1\!ountains of east-central 
Arizona. After being joined by Verde River, its prin
cipal tributary which rises in the northern Arizona pla
teau, the Salt River flows for 40 miles through fertile, 
open plains to the Gila. 
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Other tributaries of the Gila include the Agua Fria 
River rising in the timbered 1-.Iingus }.fountains of cen
tral .~rizona, and the Hassayampa River, heading in 
Preslott 1\"ational Forest near Prescott, Ariz. 

Geologic History 

Rocks of all ages from those of the Archean Age, the 
oldest known geological period, to the recent alluvial 

i deposits, including igneous, sedimentary. and metamor
phic types, are found in the Colorado Ri\'er Basin. The 
high Rocky 1Iountains which dominate the topography 
of. the region are composed of granite, schists, gneisses,· 
hwa, and sharply-folded sedimentary rocks. .Many peri
ods of deposition and erosion have played a part in the 
prrsent stmcture of these mountains. Ancient seas set
tled in the basin countless times, depositing beds of limr
stone, sandstone, and shaie. Each time crustal forces 
of the earth ele\'ated the region above sea level, ero~ion 
again bt>gan cutting it down. 

During a relatively late geological period, called the 
Pleistocene or Glacial Age, glaciers occupied the high 
watershed of all the mountains in Colorado, Wyoming, 
and Ptah. The Rocky Mountains in Colorado, the 
Wind River Mountains in Wyoming, and the Uinta and 
Wasatch Mountains in Utah, all have been materially 
affected topographically by these ancient bodies of ice. 

In contrast to the folded rocks of the mountains which 
fringe the basin, the plateau country of southwestern Wy
oming, eastern Utah, and northern Arizona is composed 
principally of horizontal strata of sedimentary rocks. 
~Iany formations of hard sandstone and limestone sepa· 
rated by softer shale, often highly colored, have resulted 
in topographic and geological formations found in no 
other locality. 

Slow but constant ele\·ation of the land area has al
lowed the Colorado River and its tributaries to cut nar
row deep canyons into the flat-topped mesas. This 
unique type of erosion reaches its culmination in the 
famo11s Grand Canvon. Here a broad area has been 
arched several thous~nd feet higher than the surrounding 
country, but the horizontal structure of the rock largely 
has_ bccu maintained. The rivt>r h.ts cut through all the 
~ed1mentary rocks down to the oldest Archean granites. 

The topography of the southern part of the basin is 
characterized by broad flat valleys separated by low 
ranges. The valleys are filled by large accumulations of 
alluvial gravels' which all but bury the mountains. The 
r;ult!;l'S are mainly of igneous origin with granites and lava 
predomin.ning, There rocks are part of the oldest known 
formation, the younger sedimentary rocks having been 
n~mo\·ed by erosion, Many mountain ranges are un
doubtedly buried beneath the detrital material. 

The present Gulf of California once extended much 
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farther north than at present and filled what is now the 
Imprrial Valley of California. The silt of the river was 
distributed far and wide in this sea which was partially 
cut off from the Lroad Pacific by a chain of islands, Dur
ing and after the Glacial Period, when precipitation is 
believed to have reached its peak, the river had its great
est volume al'ld transporting power. The stream then, as 
now, lailen with the silts from the slopes of the Rocky 
Mountains and the Grand Canyon of Arizona, gradually 
built up a great delta which finally completely cut off a 
vast inland sea of brackish water. This ancient sea, 
known by geologiSts as Lake Cahuilla, covered an area of 
about 2,100 square miles. 

After shifting channels countless times, sometimes dis
charging into the gulf and sometimes into the lake, the 
ljver finally became better stabilized in channels emptY
ing into the gulf. With the loss of a water supply Lake 
Cahuilla gradually decreased by evaporation to remain 
as the present Salton Sea. 

·Native Plant and Animal Life 

The flora and fauna of the Colorado River Basin are 
many and varied, including typical desert and alpine 
species. 

The higher areas 3;re covered with forests of pine, fir, 
spruce, ·and silver-stemmed aspens, broken by small 
glades and mountain meadows. Pinon and juniper 
trees, interspersed with scrub oak, mountain mahogany, 
rabbit brush, bunch grasses and similar plants grow in 
the intermediate elevations of the mesa and plateau re
gions. Scattered cottonwoods and chokecherries grow in 
the canyons with the cliff rose, the redbud, and blue 
columbine. A profusir n of wild flowers carpet many 
mountain "parks." In the lower region large areas are 
almost completely devoid of plant life while other Sf(;tions 
are sprinkled with desert shrubs, Joshua trees, other Yucca 
plants, and saguaro cacti, some of the latter giant plants 
reaching 40 feet in height. Occa.~ionally cottonwoods or 
desert willows are found along dt:sert streams with mes
quite apd creosote bush or catclaw and palO\·erde. 

The Colorado River Basin is the natural habitat of 
the bighorn sheep, ptarmigan, and wild turkey. Deer, 
elk, and antelope are found in the forested and more 
primitive areas. Mountain lions, wild cats, lynx, and 
other predatory animals are fairly common in remote 
areas. Covotes inhabit the plains country where they 
prey upon· gophers, cottontails, jackrabbits, and other 
smaller mammals. Fur-bearing animals in the moun
t;ins include beaver, fox, badger, em1ine, muskrat, skunk, 
and mink. Ducks, geese, snipe, white-wing pigeons, 
quail, dove, and other birds are numerous. Snakes and 
lizards with other reptiles and amphibians are frequently 
found in the desert areas. 
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DESERT FLORA 
Vast areas are sprinkled with joshua trees, Yucca plants, and desert shrubs 

DESERT SCENE 
A t•iew of Superstition .Mou11tai11s u·ilh IYf:ical sage brush and cactus lands in the foregrou11d 
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The cold, clear mountain streams ab11rnd in trout, the 
most common varieties being rainbow, eastern brook, 
native, and Loch Leven. Bass, crappie, and bluegill 
prefer the lakes and reservoirs to the moving waters of 
the streams. 

Climate 

Climatologically, the Colorado River Basin has the 
extremes of year-round snow cover and heavy precipita~ 
tion on the high peaks of the Rockies, snow-capped 8 to 
10 months a year, and truly desert conditions with very 
little rain in the southern area around Yuma, Ariz. The 
wide range of climate in the basin is caused largely by 
differences in both altitude and latitude and to a lesser 
extent by topographic features. 

Extremes of temperatures in the basin range from 50° 
below zero to 130° above zero. The northern portion 
of the basin is characterized by short, wann summers and 
long, cold winters, many mountain areas being blanketed 
by deep snow all winter. A peculiar climatic condition 
e:"<ists in the Grand division in Colorado where high 
mountains tend to divert east-bound storms either to the 
north or to the south over lower pa.c;ses in the Continental 
Divide. The southern portion of the basin has long hot 
summers, practically continuous sunshine and almost 
complete absence of freezing temperatures. Summer heat 
is not so oppressive as temperatures would indicate be
cause of the low humidity. Summer nights, typical of 
the desert, are seldom too warm for comfort. The little 
Colorado River Basin is noted for its high percentage of 
sunshine-about 80 percent of the total possible. 
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The entire basin is arid except in the extreme high alti
tudes of the headwater areas. Rainfall is insufficient for 
the profitable production of crops without irrigation. 
(See map "Average annual precipitation.") Alo'!g the 
1\lexican border the annual precipitation averages only 
about 2.5 inches while in the higher mountains in Col~ 
orado, Wyoming, and Utah, the average is around 40 
inchci. In the northern part of the basin most precipi- . 
tation falls in the form of winter snows and spring rains. 
Summer storms are infrequent but sometimes of cloud~ 
burst intensity in localized areas. Winds of high velocity . 
are common in some sections. In the more arid southern 
portion the principal rainy season is in the winter months 
with occasional localized cloudbursts in the summer 
and fall. 

Climatological data for representative stations in the 
basin are summarized in table I. 

The length of the growing season varies from about 
80 days in the higher elevations of the northern moun~ 
tainous sections to year-round in the lower semitropical 
southern areas. In the northern sections hailstorms and 
late spring and early fall frosts occasionally damage crops. 
Although the growing season of the higher agricultural 
areas in the Grand division is short, air drainage in local
ized sections along the foot.ltills of the lower \'allcyll is 
favorable for the growing of such fruits as peacht:S, pears, 
cherries, apricots, and berries. Because of the tong grow
ing season in the lower regions of the southern portion of 
the basin double-cropping is commonly pract:,.·cd in the 
principal farming districts. Crops in some southern 
areas are seldom damaged by frost, by hail and l:ly warm, 
dry summer winds. 
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TABLE 1.-Weather re6ords at representative stations, Colorado River Basin 1 

.,Division and ~tatlon 
Elevation 
al•ove sea 

(feet) 
Year~ of 
n•cord 

Precipitation 

Avera~e 
annual 
(Inches) 

A V('rnge A Vflrnye 
lro~Hr••e growJII~ 

period (days) seasrm (dayg) 

. Averaro 
.May-Ro·p. 

!.ember 
(ino·I .. •R) ------------1-------~-- ----1 ----·1------- ----------1------·---1--------i---------

Green 

Kendall, Wyo _____________ _ 
Green, R., Wyo ••.••••••••• 
Vernal, Utah •.••••.•.•••••• 
Meeker, Colo •••••••.•••.•• 
Grecn R., Utah ••••..•.•••• 

Grand 

Gunnison, Colo •••••.•..•••. 
Collbran, Colo ••••• _ ••••.•. 
Norwood, Colo •..• _ .•• ____ _ 
Grand Junction, Colo.----- •. Moab, Utah ______________ _ 

San Juan 

Pagosa Spgs., Colo ......... . 
Ignacio, Colo ••••• ____ .... . 
Northdale, Colo .•• ___ ..... . 
Shiprock, N. 1\lex .••••.•.•. 
ERcalante, Utah .•• ____ ••••• 

Little Colorado 

Win~low, Ariz •••••••••••••. 
Holbrook, Ariz ••.•••••.•••• 
8t. Johns, Ariz ••.•• __ •••••• 
Tuba City, Ariz •••••••••••• 
Fllw:~talf, Ariz ••• _. ____ •••• 
Gallup, N. 1\lcx •••••••.•••• 

Virgin 

St. Uoorge, Ftah •.. _ .•.• _ •• 
8priugdalc, Utah .......... . 
1\anab, Ut.ah. _ •••••••••••• 
Alton, Utah •••••..••..•••• 
Lo~tandalP, Nev •••••••.•••. 
Caliente, Nev •••••.•••.•••• 

Boulder 

Yuma, Ariz ............... . 
J(ingmnu, Ariz ••.••...••• __ 
t:raud Cunyon, Ariz .•..•••• 
L!U! \"cj(!l>l, Ne"··-·-----··
~ee•llr•l!, C'n!iL •••• 
Brawh·y, Calif. ••••....•••• 

GUa 

Phoonix, Ariz •••.•.••••..• _ 
J>rcscott, Ari~-- ••..•...•••. 
Tu~on, Ariz ••••.•...•••.. 
Uila Bend, Ariz •. _ ... __ •• __ 
Globe, Ariz •••........••••. 
Wit·krnl•urg, Ariz_ •••••••••. 

7, 600 
6, OR3 
5,21\6 
fi, 500 
4, 087 

7, 683 
fi, 200 
7,017 
4, 587 
4, 000 

8,150 
6, 425 
6,4X2 
4, !l50 
5, 2.1!:! 

4. 880 
5, olin 
5, 650 
4, .'i!l3 
6, 922 
6, 785 

2, 880 
4, 048 
4, 925 
7,000 
1,400 
4,407 

138 
3, 43;) 
6, 9:lO 
2, 033 ' 

480 
-119 

1, 107 
5,1122 
2, ~2:1 

7:{7 
. 3, .i10 

2, 072 

20 
39 
43 
42 
43 

48 
46 
13 
51 
54 

16 
30 
14 
16' 
35 

31\ 
5~ 
36 
40 
51 
19 

54 
36 
3f\ 
29 
3!1 
21 

H 
40 
37 
37 
!iO 
35 

47 
73 
74 
49 
42 
42 

17. 2 
7. 7 
8. ()3 

15. 9 
6. 1 

10. 1 
15. 7 
16. 6 

8. 7 
9. 4 

26. 1 
16. 1 
14. 8 

8. 1 
12. 2 

18. 10 ! 
9. 1a 1 

11.60 1 
6. 73 

21, 12 
11.94 

8. 66 
14. 91 
13.03 
16. 31 I 

5. 21 

'·"I 
3. 371 

11. H 
16. 71 

4. 7;) 
4. 72 
2. 62 

6. 94 
3. 54 
3. 82 
7. 23 
3. 03 

5. 2!l 
6. 74 

3. 91 
3. 8:3 

9. 63 
8. 49 

5. 72 
5. 96 

7. 38 
4.88 
6. 67 
2. 98 
8. 89 

3. 27 
5. 14 
4. 36 
6. 62 
1. 59 
0. 96 

1. 13 
3. 83 
7. 58 
un 
l. 61 
o. 42 

2. 1\4 
8.22 
6. 36 
2. 30 
7. 32 
4. 15 

33.3 
43.5 
45 
43. 1 
52.5 

37 
46 
46 
52 
54.7 

41. 2 
45. 7 
44.8 
52. 5 
45.7 

54.9 
54. 6 
52.3 
55. 1 
45.7 
48.5 

59.7 
60.0 
52. 6 
44. 8 
65.4 
53.0 

72. 2 
fit. 5 
48. 3 
23.2 
71 
72 

70.2 
!i2. 9 
67. 2 
72. 2 
f>2. tl 
M.!l 

103 
103 
106 
103 
112 

JO.'l 
100 
99 

105 
113 

!JR 
101 
103 
109 
102 

I 
107 ' 
106 
104 
110 
102 
98 

116 
112 
106 
9-l 

120 
110 

120 
117 
103 
118 
125 
121 

liS 
110 
118 
123 
110 
115 

-ii2 
-40 
-38 
-43 
-42 

-47 
-30 
-29 
-21 
-24 

-39 
-38 
~42 
-18 
-22 

-19 
-21 
-22 
-15 
-30 
-20 

-11 
-15 
-20 
-20 

6 
-31 

22 
6 

-22 
8 

18 
19 

16 
-21 

0 
11 
10 
11 

53 
104 
118 
117 
156 

95 
160 
119 
190 
172 

84 
llO 
118 
157 
136 

!H 
1.55 
179 
143 
203 

114 
178 

185 
228 

115 
155 

202 
183 

172 216 
169 209 
159 I 194 
181 232 
123 159 
158 ----------

194 
199 
153 
114 
235 
160 

331 
213 
141 
22tl 
302 
322 

301 
144 
2-10 
2XS 
231 
231 

243 
279 
201 
170 
350 
180 

3115 
320 
IS1 
3o· 
365 
365 

311.-
20:. 
365 
3t15 
3tl5 
311 

7. 7f\ 
18.76 
11. ~1 

5. \HI 
16. till 

1 
ml-\!1 

---- _____ . ____ ____!... ___ l _______ .!._..:l---'--.. --'-----__!..-____ _.___.............c. ____ . .!...---

I Datalrum lllt'<ll'\11 oil', fl. \\'rolh~r flureuo. 



Claiming 
the 

Basin 

"A! an's claiming of the Colorado River Basin has 

profJided a colorful chapter in American history-and 

one which .is not closed. . . . It taxed the courage and 

resourcefulness of. tlu people themselves . ... 

"This chapter deals with the people-who they are, 

why they came, where they settled, what towns and cities 

they established. . .. A study of the human resources 

is fundamental to an understanding of the problems, 

the needs, and the opportunities for future development 

of this great basin." 



CHAPTER II 

Claiming the. Basin 

:\fan's claiming of the Colorado River Basin has pro
vided a colorful chapter in American history-and one 
which is not closed. Whether people came as mission
aries to the Indians, seekers of gold, trappers and traders, 
explorers, immigrants cr~'\Sing to more attractive areas, 
or as pioneers and settlers, the basin presented a chal
lenge. It taxed the courage and resourcefulness of the 
people themselves. Those who survived to claim the 
basin as tl1eir home are vigorous Americans, who earned 
their "stake" in ilie land and its future. To iliem and to 
their chi!Jren and to oiliers who will elect to make this 
land their home, the challenge remains. What further 
use will be made of the basin, rich in resources of land, 
water, minerals, power, and recreational opportunities, 
i~ for iliem to determine. They are the empire builders. 

Accumulating evidence shows ilie basin to have been 
widely populated thousands of years ago and here and 
there to have been intensely cultivated under irrigation 
systems. Spaniards came as early as the sixteenili cen
tury seeking gold or bringing ilie gospel to the Indians, 
but most of them failed to establish a lasting civilization. 
The immigrant waves which started rolling to the Pacific 
in ilie gold rush of 1849 hurried through the bleak plains 
of Wyoming to the north and avoided ilie hostile Indians 
and scorching deserts of the south. Permanent occupa
tion of the basin by American settlers dates from the mid
dle of the last century. Although settlement and devel
opment of the basin have slowly and steadily progressed, 
today it is still one of the most sparsely settled regions of 
the United States. It has a total population still below 
a million people, an average density of fewer ilian four 
persons to a square mile, and only two cities of more than 
20,000 people. \ 

This chapter deals with the people---who they are, why 
they came, where they settled, what towns and cities they 
established, and other related factors. A study of the 
hunJan resources is fundamental to an understanding of 
the problems, the needs, and the opportunities for future 
development of this great basin. 

Primitive Peoples 

Archeological evidence indicates that the southern part 
of the Colorado River Basin was inhabited by ancient 
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peoples--<:ave, cliff, and mud-house dwellers-eight to 
ten iliousand years ago. Indian legends relate iliat these 
people were forced to leave the region because of volcanic 
eruptions in the vicinity of the San Francisco Peaks near 
Flagstaff, Ariz. 

Ruins of dwellings and storehouses, and ilie remains 
· of pottery, arrowheads, and other artifacts scattered 

throughout the Colorado River Basin bear mute evidence 
of the existence of scattered Indian tribes, many of whom 
had disappeared befGre the coming of the white man. 
Some of these, like the present-day Hop~ developed a 
simple agriculture and lived in permanent compact vil
lages adjoining their cultivated fidds. Some, like the 
Pima-speaking tribes of southern Arizona, harvested seeds 
and fruits, irrigated their lands and had small villJge set
tlements. Oiliers, like the Utes and Paiutes of the pla
teaus to the north, lived an open, roving life, depending 
for a livelihood on hunting animals and collecting herbs. 
They built crude shelters of bark or skins, and seldom 
resided permanently in large settlements. Dwellings in 
the valleys were mostly of adobe but other pueblos near 
and on the cliffs were made of stone. Virtually four
storied apartment houses containing hundreds of rooms 
have been found. 

The present Navajos and Apaches entered the basin 
as ro"ing bands about 600 years ago and established a 
civilization which has persisted to the present day. The 
Pimas, Maricopas, and Papagos of the lower Gila Valley 
are among the most advanced Indian tribes found in the 
United States. The Chemehuevi ("Digger Indians") of 
west-central Arizona are among the least progressive. 
(See chapter VIII, Office of Indian Affairs.) 

Farming by irrigation as now practiced in tl1e Gila and 
Salt River Valleys may be a modem revival of an ancknt 
agricultural development. Present canals are found to 
follow closely the route o£ an ancient canal system and 
the valleys contain numerous ruins of the villages and 
storehouses used by a people whose history is still in 
doubt. Extensive remains of the old agricultural de
velopment are found throughout almost the entire Gila 
River Valley. The ancient canals probably were capa
ble of serving as much as 250,000 acres in all, though the 
area actually under cultivation at any one time may have 
been comparatively small. Primitive construction tools 
restricted the size of irrigation works. All irrigation was 
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done by direct diversion. As the low-lying irrigated lands 
became waterlogged, the community moved to anothrr 
location and developed new land. The numerous ruins 
are believed to be the evidence of those successive migra
tions. The cause of the final exodus of the original tribes 
from the region is not known, but is believed to have 
been severe drought. The present modern irrigation 
works are simply making more efficient use of the same 
streams which at one time made possible the agriculture 
which supported a primitive people. 

The deep canyons, ob:sLructing cliffs, and desert wastes 
long hindered travelers in penetrating the Colorado River 
fla.'>in. The Spanish conquistadors, exploring north 
from Mexico, were the first white men to enter the basin. 
In 1539 the Spanish explorer Francisco de Ulloa sailed 
to the head of the Gulf of California and because of the 
turbid water inferred that a stream entered the gulf in 
that vkinity. He did not see a river, but drew a rough 
map showing its supposed location. 

The Colorado River actually was discovered in 1540 
by Hernando de Alarcon, who explored the stream from 
its mouth to a point near the present site of Ehrenberg, 
Arizona, about 100 miles above the mouth of the Gila 

~River. Two years later Lopez de Cardenas discovered 
the Grand Canyon but was unable to descend its sheer 
walls. To traverse the country and to obtain food and 
supplies seemed so hopeless to early explorers and mis
sionary priests that 2 centuries elapsed ~fore a crossing 
was made in the canyon section. 

In the sixteenth century, Spanish explorers forded the 
Little Colorado River near the present site of Holbrook, 
Ariz. They named the river "Rio Alameda" or "River 
of the Groves," which would indicate that the stream flow 
characteristics at that time must have been materially 
different from the erratic flow of the present. 

Father Escalante's expedition cro..~sed the Virgin Ri\'er 
in 1776 near St. George, Utah, after an uruuccessful 
search for an overland route from Santa Fe, N. Mex., to 
Monterey, Calif. 

As time p.t.•o.scd, stories of these early Spani.~h explorers 
combined with Indian lrgcnJs grew into fabulous tales 
of this ui1known land. It was said that the Colorado 
haJ great falls and whirlpouls and that it ran under
gwund for hundmls of mikll. So fornlid.tble were the 
actu;J conditions th.1t the Colorado River was lung con
!iidcrcd a llaugerous obstarle to be circumtourrd. 

Spani:.h explorations continued to the beginning uf tl1e 
nineteenth ccutury, the rq;ion lKing CO\ ered rather thor
oughly. During this period two mi~sion, wac built along 
the Colorallo Rh er, both uf which wrre Lltrr destroyed 
hy lndiaru. Somt· encourJ.~rmrnt w.~~ gin·n to Inrli.tn 
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agriculture, but the Spaniards' main interest in the area 
lay in the exploitation of its mineral resources. 

Ventures<Jme traders, trappers, and explorers entered 
the area during the period 1820-1840. Beginning in 
11324 General William Henry Ashley with a large band 
of expert trappers explored part of the Green River can
yons. Other trappers and explorers who visited the basin 
during this period were James 0. Pattie (1825), R. W. 
H. Hardy ( 1826), Jedediah Smith ( 1826), Kit Carson 
( 1826), Ewing Young ( 1827), William Wolfskill 
( 1830), Capt. Benjamin L. E. Bonneville ( 1832), and 
Thomas J. Farnham ( 1839). By the year 1840 this 
wilderness had been traversed throughout by white men 
except for the deep canyons of the Colorado. 

The trapping of ·wild animals for their pelts was the 
first exploitation of the resources of the basin by Ameri
cans. From 1824 to 1840 General Ashley's fur company 
and its successors, eventually the Rocky Mountain Fur 
Co., met other trappers and Indians at annual rendez
vous on the Green River. The trappers traded furs to 
Ashley's company for anununition, whiskey, and various 
supplies and trinkets. The trapper's life was extremely 
arduous and hazardous, and few trappers survived for 
many years the attacks of hostile Indians. After 1840 
the beaver was so depleted that trapping was no longer 
profitable. 

In 1843 Jim Bridger established a trading post on a 
branch of the Green River. John C. Fremont's explora
tions of the Colorado and the West covered the period 
1842-46. 

The historic march of the Mormon Battalion, a group 
of 500 officers and men mustered by the Morn10n Church 
for service in the war with Mexico, crossed the southern 
part of the basin in 1846, marking a wagon road from 
Santa Fe to San Diego. 

The treaty of Guadalupe-Hidalgo, signed in 1848 at 
the end <•f .he war with Mexico, and the Gadsden Pur
chase in 1853 gave to the United States much of the 
territory !liM induJed in the seven Colorado River Basin 
States. 

In 184 9 after gold was discovered in California at 
Sutter's ~fill, adventurers began to pour across the Col
orado Ri,er at two main points, one near Yuma, Aril., 
and the otl1er at "The Kecdles" about 200 maes farther 
north. The gold seekers also used a northern route 
which cros.~d the Green River in Wyoming. At the 
same time thr .Mormons were cro&~ing the upper part 
of the ba.~in en route to the Salt Lake Valley in Utah, 
and many emigrants following the Oregon Trail trav~ 
erl'ed the Green River country. 

With the r~taLiishment of Fort Yuma on the lower 
Cvl"rado Ri\t:r in 1851 steamboating on the rh·er began. 
Na, igation was the first use maJe of the main Coloradv 
Rinr. 
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CANYON COUNTRY 
Deep narrow canyons of the Colora.f,, afford excellent power sites 
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Before the coming of the raaroads, all freight for the 
interior of Arizona was carried by sea-going ~hips to the 
head of the Gulf of Caljfornia; there it was transferred 
to the river boats of the Coloudo Steam Navigation Co. 
and shipped to various pohts along the lower river 
whence it was carried overland by wagon train to its 
final destination. I 

In 185 7 the War Department dispatched Lt. J. C. I ves 
to proceed up the Colorado River by boat as far as navi
gation was possible. He asc·!Ilded in his steamboat only 
as far as Fort Callville near the head of Black Canyon, 
about 400 miles above the mouth of the river. It took 
him 5 days to navigate the last 20 miles. i 

In his report to the War Department, Lieutenant lves 
said: · ; 

The region last explored is, of course, alt<>gether valueless. It 
can be approached only from the south, ~:.nd after entering it, 
there is nothing to do but leave. Ours w;s the first, and doubtless 
will be the last, part)' of whites to visit this profitless locality. It 
seems intended by nature that the Colorado River along the greater 
portion of its lone and majestic way shall be forever unv11ited and 
unmolested, 

In 1869, Maj. J. W. Powell succeeded in leading a 
river expedition down through the canyons cif the river. 
In traveling by boat from Green River, Wyoming, to the 
mouth of the Virgin River in Nevada, a few miles above 
where Lieutenant lves had been stopped, he achieved 
the hitherto impossible feat of traYersinr a thousand miles 
of unknown rapids and formidable canyons. He became 
the first white man to gaze up the sheer wills of the Grand 
Canyon throughout its entire length an\lliYe t\) tell the 
tale. 

Subsequently, ~lajor Powell and othas made addi
tional voyages to explore the canyons. With the liver 
explored, active investigation began to make it useful for 
man. 

Settlement 

Settlement of the Colorado River n.~.~in has slowly but 
steadily progrfSSed. Rural settlements have been l<at
tered along streams. Towns and cities have grown up 
mainly near farms and minrs and at import,:mt raihnd 
points. 

The early settlers ('lldurrd many l1ardships in caning 
homes from the wildcrnc&;;-the rigors of an arid clim.1te, 
the depreJatiotiS of Indians and wild beasts, and the 
arduous and wearhlome e:-.btcnce of frontier life. 

ML~ionarics influenced early settlement in the ba~in. 
Father Kino, a Spanish prkst, founded the first settle- , 
ments subsequent to his vi.,it to t11e tcgion in 16!11. 
Spaniards estalJ!ishcd resident fathm in the Santa Cruz 
River Valley as early as 1700, and ~uon after several 
mbsions were constructed on the b:mk; of the stream. 1 
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Among the early colonizers of the basin were Mormon 
pioneers, who settled in small agricultural communities 
along river valleys, cultivated the more favorable farming 
lands adjacent to streams where irrigation water was 
readily accessible, and grazed livestock on nearby ranae 
lands. Old Fort Supply in Wyoming and Santa Clar~, 
Utah, were established by Mormons in 1854. Mormon 
settlements spread into other parts of Utah, and in Ari
zona and Nevada in the 1860's and '70's. 

The lure of gold was a chief factor influencing early 
settlements. Many a pioneer settler came seeking ~ 
fortune in the gold rushes, but, finding that his dreams of 
easy riches would never materialize, stayed to raise live
stock or to farm. 

Several rich mines were discovered t..1.roughout the 
basin by transient prospectors and these discoveries were 
responsible for a temporary population influx. Miners 
and prospectors pushed over the mountains from older 
mining districts on the eastern slope of the Continental 
Divide. The placer ground at Breckenridge, Colorado, 
near the crest of the divide attracted the first settlers to 
this region in 1859. Within the next decade other min
ing camps were established near the mountain tops. 
Some miners turned to farming and found a lucrative 
business in supplying agricultural products to the mining 
co nmunities. Settlement grew downward from the 
mountains into the valleys in tJ.is western slope section of 
C.)lorado, the advance being slowed somewhat by the 
hc,stility of the Indians who occupied the territory. 

The greater part of the Uinta Basin in Utah was 
est.tblished as an Indian reservation in 1861. 

.\fining was acti,·e in southeastern .Arizona from 1847 
to 1860 under protection of the Federal Government, 
but during the Civil War hostile Indians caused nearly 
all of the early mining settlements to be abandoned. 
After the Civil War mining was resumed. 

The establishment of amicable rdations with the Indi
ans and the construction of railroads through the basin 
finally made p;:!nnanent settlement possible. The Union 
Pacific Railroad was completed to Green River, Wyo., 
in 1869. The Southern Pacific Railroad reached the 
Colorado River at Yuma, Ariz., in 1877, and the Atlanti.:: 
and Pacific Railroad crossed the river at Needles, Calif., 
in 1883. \\'ith the coming of the railroads, navigation 
soon declined. Other than by railroad, early transp<'r· 
tation was by horse and mule, pack train, or freight wagon 
traversing trails and primitive roads. 

For many years mining was the leading industry in the 
Colorado River B.1~in but declined in relative importance 
with the development of irrigated agriculture. Many 
rich g-old and silver lodes pinched out. A~pen, Telluride, 
and Silverton in Colorado, once prosperous cities pouring 
out gold and silver, bec:une dozing towns. Production 
of copper, lt.·ad, and zinc became more important, and 
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Arizona displaced Colorado as the leading producer of 
minerals in the basin. Where valuable mines were dis
covered, towns sprang up in their inunediate vicinity, and 
where possible, irrigated agriculture was practiced nearby 
to supply the demands of local markets. 

Cattlemen were attracted to the expansive grazing 
areas of the basin and in many sections were the first 
settlers. 

Colonization in'the basin has been accompanied by a 
continual search for a satisfactory irrigation water supply. · 
Settlers migrated to areas more readily irrigated and con
centrated along river courses. A few small settlements 
were made in favored isolated areas. 

The history of early settlement along the lower reaches 
of the Colorado River is a story of community struggles 
with destructive floods. Many towns were established 
only to be abandoned later when it became evident to the 
settlers that it was impossible for them to control the 
rivers. Dams were repeatedly washed out, crops with· 
ered and died in time of drought, and flash floods ravaged 
the fields and towns. 

Private and community efforts were responsible for 
the estJblishment of early settlements. Some present· 
day settlements, however, followed in the wake of Federal 
Reclamation developments. These projects, making 
available new areas of fertile farm land and attracting 
many new settlers, have been the nuclei around which 
farming communities and trade centers have evolved. 

Population 

Referred to as an area of "wide open spaces", the 
Colorado River Basin is sparsely populated. On the 
basis of the 1940 census, which reported fewer than a 
million people in the basin, the average population 
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density of the entire area, including urban centers, was 
3.6 persons a square mile, as compared with a national 
average of 44.2 persons a square mile. 

POPULATION GROWTH 

Except for short-lived surges resulting from mining, the 
population of the Colorado River Basin has steadily in
creased since its colonization. At the beginning of the 
Twentieth Century the basin supported only 261,197 
persons, or little more than an average of one person a 
square mile. The population has more than tripled in 
the first 40 years of this century. · 

The first settlements which grew into permanent com
munities were largdy the result of farming. But farm
ing was slow to develop into a stable industry, and in 
the early stages it was not adapted to the support of sizable 
centers of population. Urban communities began to 
rise with the development of federally financed irriga
tion projects. The city of Phoenix, Ariz., grew rapidly 
in the decade 1910-20 when great strides were taken in 
the development of irrigation in the inunediate vicinity. 

The relatively high rate of natural increase, the im
provement in transportation facilities, the opening of 
scenic features of the country to tourists, the accessibility 
of outside markets, and migrations from the lHiddle West 
have been largdy responsible for the increase in popula
tion during the 1930--40 peliod. 

Population growth has not been uniform throughout 
the basin. Between 1900 and 1940 the Lower BMin 
~creased its population five times while during tl1c same 
period the upper basin little more than doubled. A 
phenomenal growth was experienced by the southern 
California area where the population increased more than 
12 times in the same 40-year period. 

The people of the Colorado River Basin are predom· 

TABLE H.-Population growth in the Colorado River Basin 

Division 1900 1910 1920 1930 IWO 

-
C:rf'<>n 

Upper basin 
99,710 

Grnnrl 42, 110 59, 450 85,320 93, 330 

San .JnA.n 57,050 84,590 84, 380 84,050 105,450 
32,340 47,890 53, 450 66,920 81, 290 

Tot.A.I 131, 500 191,930 223, 150 244, 300 286,450 

Lower basin 

'irdnColorado River ... __ ---------_-·-· •• __________ ----·_ 19,057 34,631 44,146 60,986 75,341 
9, 569 10,305 11,706 13, 879 17,213 

Bot.ilrll'r 10,414 33 871 79, 899 111, 558 127, 568 
(.;ila. 90, 657 161: 969 275,433 363,466 411,497 

TotaL_--------- ______ •••• ________________________ 129, 697 240,776 411, 184 549,889 631, 619 

Colorado Ri1·~r BI\Sin 261, 197 432, 7061 634, 334 7114, 189 918,009 

li~::~dr~ti:~~~~~i~_-: ~==: ==: ===:: =: == =::: =: :: ==: =: :::::::: 
282,000 703, 675 1, 2.'i3, 1\00 2, 791, 927 3, 524, 860 

75,994, 575 91, 972, 266 105, 710, 620 122, 77 5, 046 131, 669, 275 
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inantly white, almost 90 percent of the population being 
, so cla~ified in 1940. Of the nonwhite races, Indians 
i are in greatest number, both in the upper and lower 
basin.~, and are concentrated in vast Indian reservations 
scattered throughout this area. Indian and Negro popu
lations are increasing. 

DISTRIBUTION or PoPl:LATION 

Approximately 69 percent of the 1940 population of • 
the Colorado River Ba'>in was classified as rural. This 
means that approximately 630,000 people lived either in 
the open country or in towns and villages of fewer than 
2,500 population. Only 28 percent of the total popu
lation lived on farms and approximately that proportion 
was directly dependent upon agriculture for a livelihood. 

Urban renters are scattered throughout the basin. 
Largest settlements in the upper basin are mining, agri
cultural, and railroa dcenters. In tlie lower basin con
centration of population is mainly where irrigation is 
extensive, although recreational and scenic attractions 
have been responsible for the ·tocation and growth of 
many cities. Conforming to a National trend, there is 
an increasing concentration of population in urban cen
ters. Principal towns and cities in the basin are: 

Division 

Green 

Popuia
titm 

(lltlQ) 

Rock Springs, Wyo •••• 9, 827 
Price, Utah ___________ 5, 214 
Helper, Utah _________ 2, 843 
Gl'l'en Hiver, Wyo .••• 2, 640 
Craig, Colo ___________ 2,123 
Vernal, Utah _________ 2,119 
Kemmerer, Wyo ....•. 2, 026 

Grand 

Grand Junction, Colo. 12, 479 
~Iontrose, Colo _______ 4, 764 
lldta, Colo .. _________ 3, 717 
Glenwood Sprin~~:s, 

Colo _______________ 2, 253 
Gunnison, Colo _______ 2,177 
:Fruita, Colo __________ 1, 466 
Rille, Colo ___________ 1, 373 

San Juan 

Durango, Colo _ ----- 5, 887 
Farmiol(ton, N. Mex __ :.! 151 
f'hiprock, N. Mex ••••• l2: 131 
Escalante, Utah______ 1, 106 

Little Colorado 

Gallup,~. !1.1Px •• _____ 'l7, 041 
FlnK,taff, Ariz ________ 5, 080 

POPULATION MOVEMENT 

Dimon 

Little Colorado-Con: 

Popula
tion 

(lltlQ) 

Winslow, Ariz ________ 4, 577 
Holbrook, Ariz •.••••.• 1, 184 

Virgin 

St. George, Utah ______ 3, 591 
Hurricane, Utah ______ 1, 524 
Caliente, Nev _________ 1, 500 
Kanab, Utah _________ 1,365 
Pioche, Nev __________ 1,182 

Boulder 

Brawley, CaliL •••• __ 11,718 
El Centro, Calif ______ 10,017 
Las Vegas, Nev _______ !1, 422 
Yuma, Ariz __________ .'i, 325 
Willialllll, Ariz ________ 2, 622 

Gila 

Phoenix, Ariz _________ 65, 414 
Tucson, Ariz _________ 36,818 
Douglas, Ariz _________ 8, 625 
Prescott, Ariz _________ 6, 018 
Bisbee, Ariz __________ 5, 853 
Nogalc~ Ariz _________ 5, 13S 
~ilvrr 1.Aty1 N. Mex .• 

1 

S, 0~4 
Safford, AnZ----------~2, 2fi6 

The towns first established in the basin were little more 
than temporary camps, and a look at a map of 40 or 50 
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years ago will reveal names of COf!lJllunities which are 
today but memories of a romantic past. 

From the beginning the population possessed a high 
degree of mobility, particularly in the lower basin. Al
though the number and size of permanent communities 
have increased since the turn of the century the popula
tion has not lost its trait of mobility. The University of 
Arizona found from a recent study of population trends 
in Arizona that while the decade 1930-40 brought 
134,000 peoJ?le into the State, the net population gain 
was only 63,000 persons, of which 32,000 could be at
tributed to the natural increase in the resident population. 
Some 103,000 people had claimed Arizona as a place of 
residence during that decade but had failed to become 
permanently established. 

Econbmic depressions and disasters in other States have 
dislodged many people from permanent moorings, and 
those thus affected have moved aimlessly about the coun
try. The droughts and dust storms which occurred in 
the Middle West in the 1930's resulted in such migra-. 
tions. Hearings before the House of Representatives 
Committee of the Seventy-Seventh Congress investigat
ing migratory labor problems revealed that 63 percent of 
all migrants into Arizona and southern California during 
this period came from the Middle West. The committee 
found that while 66 percent of the group investigated 
had been farm operators or owners prior -to migration, 
less than 1~ percent became owners or operators of famlS 
in their new locations. The majority of the migrants 
from the Middle West became farm laborers or joined the 
ranks of the semiskilled or unskilled workers, depending 
on seasonal or other temporary employment. 

The population of the upper basin has been less af
fected by immigration than that of the lower bsin. In
stead of growing from migration, Utah lost by outward 
movement of its residents from 1920 to 1940. :Many 
young people left the State to seek work and opportunities 
in larger industrial centers and metropolitan areas. De
spite its outward migration, Utah has had a net popula
tion gain each decade because of its high birth rate. In 
1930 Utah had the highest rate of natural increase in 
the Nation. 

The rise of war industries during World War II 
brought to the area its mo.~t rapid influx of people. The 
most significant movements were to southern Nevada and 
central Arizona. Las Vegas, Nevada, tripled in popula
tion during the war period, and the city of Phoenix, Ari
zona increased approximately 130 percent. At the same · 
time: thousands of young men left the area to join the 
Nation's armed forces. Thus, the war induced move
ments into and out of the basin. 

The relatively undeveloped state of the bil$in and its 
store of natur~ resources indicate that by no means has 
the population reached its peak growth. 
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the 

Water 

"In this chapter the history of irrigation development 

is traced to this critical period and problems are pre
sented that pressed for solution in the dtvelopment and 

use of the Colorado River for irrigation, .flood control, 
power production, tmd other beneficial uses. 

"The Colotado River Compact which divided the 
water between the upper and lower basins, other legis

lative acts pertaining to the development of the Colorado 

River, and the Mexican treaty all~cating certain of the 
waters of the Colorado River to the sister republic are 
briefly outlined with no attempt at legal interpretation." 



CHAPTER III 

Dividing .the Water 

A.s mo:e people claimed the Colorado River Basin for 
their home thev came to realize that the extent of the 
uitimate h~bitable area was determined by the limita
tions of the dependable water supply and that the Col
orado River was increasingly important as a national re
i'Ource. 

How to divide the waters of the Colorado River for 
beneficial use presented complications. Because the 
watershed reached into seven States in this country inter
state problems required solution before any comprehen
si'e development could be undertaken. Since the river's 
lower delta and its mouth extend into Mexico interna
tional problems also were presented. 

In the history of the development of the Colorado River 
the early 19:20' s was a significant period. By that time 
the use of water in the lower river area had reached the 
maximum possible without extensive storage regulation, 
and demands for additional water had created a critical 
situation which finally resulted in the Colorado River 
Compact, the BoUlder Canyon Project Act, and subse
quent acts pertaining thereto. 

In this chapter the history of irrigation development 
is traced to this critical period and problems are pre
smted that pressed for solution in the development and 
use of the Colorado River for irrigation, flood control, 
po\'oer production, and other beneficial uses. The Col
orado River Compact which dhided the water between 
the upper and lower Basins, other legislative acts per
taining to the development of the Colorado River, and 
the 1Iexiran treaty allocating certain of the waters of the 
Colorado River to the siliter republic are briefly outlined 
'' tth no attempt at legal interpret<Ltion. 

Fundamental to a division of the water is a knowledge 
of the quantity, quality, and flow characteristics of the 
water available. Virgin conditions of the Colorado River 
are considered for this purpose. 

T"ir.;,in Conditions 

. Ti~e Colorado River, draining 242,000 square miles 
m thtS country. has the largest watershed of any stream 

in the United States outside of the ML~ppi River Basin. 
Beginning high on the Continental Divide it empties into 
the Gulf of California at sea level. 

·Rain and snow fall in abundance on the Rocky Moun
tains rimming the upper part of the Colorado River 
Basin, but great expanses in the lower areas are compara
tively dry. The average annual precipitation for the 
entire drainage area of less than 15 inches is near the 
lowest for the major river basins of America. Nearly 90 
percent of the moisture that falls returns again to the 
atmosphere through evaporation, ll.lld only about 10 per
cent flows in the river channel. Yet about 10 percent of 
the scanty precipitation on so vast an area m:1.kes up the 
flow of the mighty Colorado River. The river grows al
most to its full size from contributions of tributaries in 
the upper half of its drainage area, above Lee Ferry in 
Arizona. Below that only minor contributions are made 
by the Little Colorado and Vugin Rivers, and between 
Black Canyon (site of Boulder Darn) and the entry of 
the Gila River near the Mexican border inflow is insuffi
cient to offset e\·aporation' losses in the desert region. 
From an analysis of all available data, average virgin 
flows at various points are estimated as follows: 

TABLE 111.-Estimated Virgin flou:s in the Colorado River 
Basin 

Stream Loo!ltion 
A verni"' annual 
ftowi..,...f .. <) 

Green River •••....••. At mouth ...... -------- 5,903,000 
Colorado River ••••••. Aooye mouth of Green 7, 289,000 

lli'·er. ~ 
000 p 0 ______________ I:ee :Ferry in Arizona •••• j116, ~3~' 
000 J,ittk Colorado River •• , 'K_car thl' mouth.--------~ 31fl ()flO 

Virltin Ri\·pr_ ________ Ltttl•·.field ••••••••••••.• ,l'7 3"'o' 000 
(' IradoRiver Boul<:erDam ........... : • '' • ooD ' ------- I~unaDam ___________ ,ll6,4W,OOO 
Gila Rl;;;·----------1 Dome.--------··· ...... 1' I, 2i0, 000 
Col!lrado Ri-,·~~=====:~1 lntcmational ooundary ••• j'l7, 720,000 

'See Bl'!>ePdil I, "Water supply, Colorado Rl.-.r." 

Befme man built the existing structures providing par
tial river control, seasonal flows of all .streams fluctua~ed 
greatly. In the spring the Colorado River fed by melting 
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snow was a mighty, raging torrent, reaching flood pe,ks 
of 250,000 second-feet or more. Below the canyon sec
tion it overflowed its banks a~d inundated the cou~;Y 
for miles around. In summer m years of low run-off ~ts 
flow became a mere trickle by comparison, sometimes 
dropping to 2,500 second-feet. The only sustained sum-

. mer flow of most tributaries was the outflow from numer
ous mountain lakes fed by the melting of perpetual snow 
banks. The northern tributaries had greater sustained 
flows than those in the southern region, but they too were 
subject to great fluctuations. 

The flow of the river also fluctuated greatly from year 
to year. At Lee Ferry, under virgin conditions, annual 
flows probably ranged from as little as 5,500,000 acre
feet to as much as 25,000,000 acre-feet. Flows of tribu
tary streams were characterized by even greater varia
tions, e.~pecially those of the lower region. Under virgin 
conditions the average annual flow. of the Gila near 
Phoenix is estimated to have been 2,282,000 acre-feet, 
of which probably only ahout 1,270,000 acre-feet reached 
the Colorado because of losses in the lower river area. 

The creeks and streams at higher elevations generally 
bring clear, pure water into the main Colorado River, 
although they become roily during the spring run-off. 
Soluble salts in quantities damaging to plant growth 
occur in isolated tributaries but the injurious effects are 
local and generally unimportant. Diluted by larger 
streams of the system, these soluble salts of tributary 
streams cease to be harmful. Water of the main rive·r 
becomes progressively more saline as it moves downstream 
and receives return flows from irrigation and drainage 
from basin lands but is considered suitable for irrigation 
at the lowest diversion. (S~e Ch. VIII, Geological Sur
vey "Quantity and Quality of Water.") 

Tributaries entering the middle and lower sections of 
the Colorado River, notably the San Juan, Little Col
orado, and Virgin Rivers, have highly erosive watershrds 
and hence contribute great quantities of silt to the main 
stream. At normal flow stages little silt is carried, but 
more is picked up in spring and early sununer when flows 
become high and turbulent. Occasional summer cloud
bursts cut into unstable earth sections, flushing large 
amounts of mud and silt into the streams. 

Early Development of the Riz•er 

IRRIGATION 

The first white irrigators in the Colorado River Basin 
were the Jesuits who e:-tabli.shed them~elves at the old 
mLc;sions of Cuevavi and San Xa\'ier in Arizona in 1732. 
In the period 1768 to 1822, considerable irrigation was 
practiced along the Santa Cruz Rivrr near the missions 
and the Spanish presidios of Tubac and Tucson. 
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After the Gadsden Purchase in 1854, a number of 
Americans-military followers, stragglers from the immi
grant stream to California, and others, pioneers by in
stinct-began to settle and develop irrigation in Arizona. 
Thomas H. Blythe moved to the Palo Verde Valley in 
1856 and commenced the first recorded use of the Colo
rado River in California. In 1877 he made the first fil
ing on Colorado River water in California. About the 
same time the first modem irrigation works were being 
constructed in Wyoming, Utah, and Colorado. In 1854 
Mormon pioneers began to irrigate from Blacks Fork, a 
tributary of Green River, in Wyoming. Irrigation in the 
basin in Colorado began in the 1860's and 1870's when 
prospectors and miners came over the Continental Divide 
from the older mining districts on the eastern slope of the 
Rockies. The Federal Government first attempted to 
reclaint arid lands on the Colorado River Indian Reser
vation in 1867. In 1883 the Grand Valley Canal, a pri
vate development, was started to irrigate a relatively large 
area in Grand Valley on the western slope of the Rockies 
in west-central Colorado. 

The possibility of exporting water from the Colorado 
River to the Imperial Valley of California by a simple 
diversion canal passing in part through Mexico was rec
ogniled even before the Civil War. In 1876 Lt. Eric 
Bergland made surveys on the lower river for the War 
Department for the purpose of investigating flood condi
tions and to determine the feasibility of diverting water 
from the Colorado River to the Imperial Valley through 
a canal wholly within the United States. He reported : 
unfavorably on such a canal but efforts continued for a 
water supply to the Imperial Valley. Despite th~ diffi- • 
cultics and undesirability of a canal through :Mexico for 1 

the irrigation of Imperial Valley from the Colorado River, ! 

construction of an international canal was finally begun ' 
in 1902 by the California Development Co. By Septem-' 
ber 19(14 nearly 8,000 people had settled in the valley;· 
700 miles of canal were in operation; and 75,000 acr~ 
of land were cropped. . 

After passage of the Reclamation Act by Congress. rr 
1902, the Reclamation Service (Bureau of Reclarnauor 
since 1923) of the United States Department o~ t?.e In 
terior began investigations to determine the feasibility o 
constructing large irrigation works in the West.. Some ~ 
the early projects constructed in the Colorado River Bas1 
by the Reclamation Service were the Uncompahgre ~n 1 

Grand Valley projects in Colorado, the Strawberry\ a 
ley project in Utah, and the Yuma and Salt River projec 
in Arizona. 

Irrigation continued to expand in both the Upper an 
Lower Basins. In 1922 the approximate irrigation ~ . 
velopment in the entire Colorado Ri\'er Basin, ac.cordn : 
to a report by F. E. We)mouth, then Chief Eng~neer 
the Reclamation Sen·ice, was as follows: 
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t.ll· ;,., ( ;<.lll-r.l l f.tnn <' ops pr• Jomina ted. a nd in a large 
p<>l'lt •ll l .. i the irri>::Jtt'd ,\IC;!, part; cularh· in much of the 
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Basin ior irrigation in ad joining basins. Tltc ~..; t, a11 berry 
\ ' ,\lley project wa, cli,·crting watc,· from Su .nvberry Ri,·er, 
.~ tributary of Duchesn e R,,·er , to ~pam,h Fork in the 
B.1nnel·il lc Basir. il1 Gtah. Se1 ·er:~ l other small Ji1·ersions 
"ere bciHg made into the South Pla tte nd -~rkansas 

" .l~e r.;heds in Colo rado. .\dditional la1. c di1 crsions, 
a 11 nunting to o1·er 400,000 acre-feet, wert being con< id
crc,l for de, ·elopment in these States, including transmoun
tain d i1 ersions for the municipal water supply of D enver. 

T opography and the hi e, h cost of projec.to. as well a;; 

, lim ate .tnd lower crop ,-,]ue,, were lim i t in~ the rate of 
'riga tion expans ion in the upper ba<in. 

D cvelopm , nt in the lower ba,in , '· ith its ciin1atic 
C<)nditions fa, ·orahle to intcnsi1·e cuJti , ·ation of semitrop
il .d fruit, ,, ottun.lcttuce. and m elons. "·as being h ampPred 

. b1· limaed low -sea~on stream fl ows. Irrigation on the 
Gila was well ad1·ancecl b~ I :1 ~2. The Imperial \·alley. 
11·hich thm had 01-er -±00.0011 acre> under irrigation by 
direct di1 ·er:<ion from the Colorado Ri,·er without storage 
regulation. suffered a 11·a ter ,hort age in each low-water 

YU~fA PROJECT 

This early reclamation d e<·clof,m ent un the C olorado illustrates hou· irrigation u·at er 'O lli 't' j'Cd i11 canals like that 
shou:n in the picture transforms desert (fo regrou11d ) into citrus g rn<·c t.l> ·kground ) 

~0031:,-46--5 
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year. The canal serving Imperial Valley lands also sup
plied water for tl1e irrigation of 200,000 acres or more in 
Mexico, thus exporting some 3,000,000 acre-feet annually 
out of the basin for use in both countries. 

fLOOD Co~TROL 

Uncontrolfed the Colorado River was a natural menace. 
Before the construction of Boulder Dam, the lower 
stretches of the river were annually subject to long sus
tained floods from the melting snows of the high moun
tains in Colorado, Wyoming, and Utah. Floods originat
ing in the lower tributaries were of shorter duration but 
extremely erratic and perhaps not less damaging. The 
tragic menace from floods, however, was not fully realized 
until 1905. Then the Colorado, swollen bv flood waters 
from the Gila, broke through a cut which was made 4 
miles below the international boundary by the California 
Dt'vclopment Co., operators of the Alamo Canal. For 16 
months the Colorado poured its entire flow into Imperial 
Valley's sunny fields and flourishing comn1unities. It en
larged the Salton Sea to a lake 7 6 feet deep and 488 square 
miles in area, and threatened permanently to engulf the 
entire valley. The break was finally closed with great 
difficulty and expense, but about 30,000 acres of arable 
l~nd had been inundated, farms ruined, homes destroyed, 
htghways wa~hed away, and railroad tracks wrecked. 
Miles of mainline track of the Southern Pacific Railroad 
had to be moved to higher ground, and tangible damage 
into the millions of dollars was sustained. Here, in the 
need for flood control, was the prime motivating reason 
for the construction oC Boulder Dam. 

Protection of the delta lands lying principally below the 
level of the Colorado had required the building of levees 
in both United States and Mexico. Each year these were 
lashed by silt-laden floods. The levees were built higher 
and stronger. Maintenance of the levees was an ex
pensive burden and was complicated by international 
problems. 

Levees conmucted to prott"ct the Yuma project on the 
Colorado just north of the international boundary line 
had broken sev(:raltiml"S with dis«L~trou~ local results. An
other ~imilar flood occurred in 1922 when the levees along 
the Palo Verde Vallcv in California were broken. To 
protcrt the lands on tile lower river, 150 miks of len·es 
were maintained. Although many additi(mal bn'aks oc
Cllrred, the major lc\T<.'S were intact in the early 1920's. 
Ddensi\'e mt\t$urcs, howe\'cr, became more and more bur
~knsomc. Fwm190G to 19~4-, 10}4 million dollars W<'re 
~pent hy 'ariou!' agl'nrirs on kwc conl'trurtion and main
tcnanre on the lower Colori\do Ri\'t'r, indudin,g protec
tion for Impnial \'alley. Evrn thb tu~c exprnditure did 
unt dimiuatc thr nwtl.lre. 1lte rontiuued thrrat of a 
111;1jur bn·ak from ~onH~ uur:\prrtrd river rhange :;till re
nuiunl atlll !flO,OOO prople: lin·d in ft•ar that the 
ri' n might o' ~'~'' hdm them. 
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SILT PROBLEMS 

The difficulty of maintaining an adequate levee svstem 
was aggravated by siltation. Each year the Col~rad.o 
River was depositing over 100,000 acre-feet of silt in the 
delta region, lif~ing itself higher and higher and making a· 
larger and contmuous expenditure necessary to maintain 
levees protecting the Imperial Valley. In 1923 and 1924 
the Imperian irrigation district was spending over $500,-
000. ~nnu~lly to re~ove silt from its canal systcins. In 
addition, It was estimated that Imperial Valley farmers 
expen.ded about $1,000,000 to repair damages from ~il·t 
deposits on their farms. 

• 
HYDROELECTRIC PowER 

In the early 1920's the exi5ting hydroelectric power de
velopments in. the ~olorado River Basin were largely con
fined to t?e tnbutan~s of the Colorado River. Thirty-six 
plants With a combmed capacity of about 37,000 kilo
watts were in operation, the largest being the Shoshone 
plant of the Colorado Power Co. on the main stream above 
Glenwood Springs, Colo., and the plant built by the Bu
reau of Reclamation at Roosevelt Dam on the Salt River 
~n Arizona. ~ach of these plants had an irutalled capac
Ity of approxtmately 10,000 kilowatts. 

In 1922 the Salt River Valley Water Users' Association 
started the construction of a series of three dams below 
Roosevelt Dam on the Salt River for irrigation storage and 
power production to help supply the needs of the Phoenix 
area. 

In the early 1920's the southern Califoinia coastal 
plains centering around the Los Angeles metropolitan area 
were experiencing a phenomenal growth, the population 
more than doubling from 1920 to 1930. A great poten
tial power market thus was being created. Serious con
sideration was aL~o being given to the electrification of 
railroads in the Colorado River Basin. Although the 
power uses within the basin at that time were small in the 
aggregate and the sparse population needed little power 
development for ordinary local uses, the rapidly growing 
market in the southern California area combined with 
ad\'ancement in electric power transmission had created a 
demand for a large amount of additional power. TI1e 
growth of the power load was rapidly exhausting. the a\'ail
ablc hydroelectric rc~Lmrct's of southern California and an 
additional source of power was much ncedc:d for its grow
ing industri<ll de\'elopment. 

~{l:J~;tCII'AL \\'.4.TER SVPPLV 

\\'ith no large cities in tl1e basin, the needs and cb·dop
mcnf.!; for municipal water supply\\ ithin the area had been 
small, but in the early 1920's it was becoming increasingly 
rddt·nt that the r<tpiJly growiug southern Californi.t 
metropolitan art'a would soon demand a new source of 
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water. Los Angeles was utilizing fully its Owens Valley 
wata an,} had studied other sourrt's from which water 
could be obtained. The only adequate practical source 
appeared to be the Colorado River, whose floodwaters, if 
properly conserved, could be made available for such use. 

The need for a source of domestic water supply became 
an additional and potent reason for urging the develop· 
ment of the Colorado River. In 1923 the first recon
naissance for an adequate route from the Colorado River 
to the southern California area was undertaken by the city 
of Los Angeles. The general feasibility of such an aque
duct was soon established, and on June 28, 1924, the city 
of Los Angeles made a filing with California State author
ities on a flow of 1,500 second-feet of water from the 
Colorado River, or 675,000 gallons per minute. 

Summary of Conditions in the Early 192(J's 

By 1920 the population of the Colorado River Basin 
'\\as 634,334 persons, with the lower basin growing more 
rapidly than the upper basin. In the early 1920's mining 
was being replaced by irrigated agriculture as the leading 
industry in the basin. Livestock grazing was important, 
lumbering \•.·as a lesser industry, and the tourist trade was 
just starting to develop. 

Several important national parks had been found in the 
basin, the most important being the Rocky Mountain N a
tional Park, established in 1914, and the Grand Canyon 
National Park established in 1919. The Fall River Road 
over the Continental DiYide in Rocky Mountain National 
Park was completed in 1920. By that time health re
sorts. and scenic attractions in the basin a.Jong the trans
conti~ental railroads long had been enjoyed by the 
tra,·ehng public, but automobiles and the rapid develop
ment of a network of good highways were just beginning 
to make accessible generally the basin's more remote areas. 

Large sections of land in the basin had been set aside as 
Indian reservations. Over 17,000,000 acres in Arizona 
alone were undn the jurisdiction of the Office of Indian 
,\ffairs. The Indian population which was about 80 000 
in 1920, ~ad remained practicaliy constant for years: but 
bq~.~n to mcrcase materially during the 1920's. 
. L1vcsto:~ grazing continued to be an important industry 
Ill the basm. ~y 1920 control of brge grazing areas by 
the Forest Scmce was stabilizing and making more profit
able the livestock industry. 
. Irrigation development in the upper basin was con· 

SKirred to be lagging behind that in the lower ba.~in, 
whl'rc rapid progress was being made in the Cila River 
Ba,in 'I · · · "' am stream developments on the lower river, 
ho~':vcr, were being impeded by lack of storage facilities; 
exc,tlllg developments were suffering frequent shortages 
~nd, moreover, were being threatened by continued flood 
hazards aggravated by silt problems. 
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Thus by 1920 the situation with respect to the Colo
rado River had become very tense. Increasing upstream· 
depletions were accompanied by increased requirements 
for irrigation development in California and Mexico. 
The constant threat of an unmanageable break of the 
riYer into Imperial Valley during flood stages was also 
becoming more serious with the rising level of the river 
and itS flood plains within the levees protecting the Im

. peri a! Valley. Meanwhile the rapid growth of the metro
politan district of the southern California coastal region 
was creating a great demand for a large block of power 
and for additional municipal water supplies. Similar de
mands for municipal water for the growing city of Denver 
in the adjacent Platte River Basin were anticipated. 

About the same time a keen interest in the Colorado 
. River was displayed by various public and private 
agencies, seeking the right to develop hydroelectric power 
but proposing to provide storage and flood control 
incidentally. 

An extensive investigation by the Bureau of Reclama
tion to develop ways and means of meeting all of the 
va-rious needs resulted in the recommendation for the 
construction of a dam either in Boulder Canyon or Black 
Canyon for flood control, navigation improvement, irriga
tion storage, silt control, and power development. The 
long standing need for a canal wholly within the United 
States also was recognized and it was recommended that 
such a canal connecting the river at Laguna Dam with 
the Imperial Valley be constructed and thus eliminate all 
international complications. 

Between the Upper and Lower Basins 

FoRcEs AcTIVATING INTERSTATE AGREEMENT 

For a number of years prior to 1922 theJower basin 
area, growing more rapidly in population than the upper 
basin, had pressed for development of the lower river and 
the upper basin and objected. In 1919 and again in 
1920 bills were introduced in Congress for Federal as
sistance in building an all-American canal. In April 
1922 a third bill had proposed not only the building of an 
all-American canal, but also the building of a storage dam 
on the main river below the mouth of the Green River. 

It was rapidly becoming apparent that the normal flow 
of the Colorado River would not be adequate to supply 
all of the uses envisioned by the Colorado River Basin 
States. The proposals for storage in the lower basin 
without guaranties to the upper basin States were re
garded by the latter as threatening to establish priorities 
which would preclude later usc of the water in the upper 
basin. 

The law respectin~ rights to the use of waters of inter
state ~treams was not well settled. Each of the various 
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States claimed exclusively the right to regulate the ap
propriation of water within its boundaries. At the same 
time claims were made that the Federal Government had 
jurisdiction over the waters of interstate streams. It was 
argued that no reasonable regulation of the flow of the 
Colorado River by storage appeared to be feasible except 
with the approval and the control of some authority higher 
than the States and that the Federal Government logically 
should effect the regulation of Colorado River develop
ment. The lower part of the stream was or had been 
navigable and, therefore, was subject to jurisdiction by 
the United States. At the same time the desire prevailed 
to obtain Federal aid in the financing of the huge multiple
purpose development considered necessary for the utiliza
tion of the stream flow of the lower Colorado River. 

Some form of an agreement between the various fac
tions was essential before comprehensive development of 
the Colorado River could proceed. Each State ap
proached the problem individually. The conception of a 
division of water as between the upper and lower basins, 
which was finally adopted, instead of an apportionment 
among the individual States, crystallized slowly. The 
common desire for a solution gained momentum and 
finally resulted in an interstate compact. 

The lower basin States favored a compact because they 
wished to enlist the support of the upper basin States in 
securing legislation by the Congress for main stream de
velopments which were urgently needed for further ex
pansion in the lower basin. States in the upper basin 
favored a compact because they desired to feel secure in 
their rights to further development of water uses, believ
ing that they would be deprived of such rights by prior 
appropriations and uses downstream if they did not enter 
into a special agreement. 

The States of both areas desired to retain control of 
water, rights within their respective b~undaries and thus 
were willing to enter into an int~rstate agreement to avoid 
the complete Federal control of the Colorado River that 
otherwise pos.'>ibly would result. 

Another significant motivating factor leading up to the 
Colorado River Compact was the desire of the people in 
the Colorado River Basin to give agriculture priority over 
power in the use of water. 

NEGOTIATio:-;s LEALli:s-o ro THE CoMPACT 

In 1920 at a mectin.~ of representati\'cs of gon·rnors of 
Westt'm States, a novel proposal by Delph E. Carprntcr of 
Colorado that the States exen.i"e their treaty-making pow
ers wa.~ cndon;ed as a means of extricating the Colorado 
River n.~in States from their perplexing predicament. 
After this proposal was. npprowJ by the governors, the 
re~pcctive lt•gislaturrs of the !\iCVCil Colorado Ri\'er na.--in 
States adopted appropriate kgislation authnrit.ing the ap-
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pointment of compact commissioners, and on August 19 
1921, the Congress approved this proposal. The Col'orad~ 
River Commission was organized in Washington, D. C., 
on January 26, 1922, with Herbert Hoover, then Secre
tary of Commerce, representing the United States and 
serving as chairman, and commissioners representing each 
of the seven basin States, as follows: · 

Comml88loner State 
W. S. NorvieL------------------------------- Arizona. 

W. F. McClure ___________________ ~------- ('alifurnia. 
Delph E. Carpenter-------------------------- Colorado. J. G. Scrugham ______________________________ ::\evada. 
Stephen B. Davis, Jr ________________________ New .llexico. 
R. E. CaldwelL--------------------------~-- rtah. 
Frank C. Emerson ____________________________ Wyoming. 

Fallowing its organization meeting and numerous ex
ecutive sessions held in Washington, the Commission met 
for public hearings in Phoenix, Los Angeles, Salt Lake 
City, Grand Junction, Denver, and Cheyenne in 1922. 
Final sessions, held at Santa Fe during November of the 
same year, culminated on November 24 in the signing of 
the Colorado River Compact by the commissioners of 
each of the seven basin States and the representative of 
the United States. The compact, however, was subject 
to ratification by the legislati\·e bodies of the States in
volved and by the United States. 

The compact was approved during the following year 
( 1923) by si.x of the seven basin St.ates, Arizona declining. 
As the compact provided that it would become binding 
only upon approval by the legislatures of each of the 
signatory States and by the Congress of the United States, 
it became necessary for the six appro\·ing States and the 
United States to enact laws waiving the provision of the 
compact requiring approval by all seven States and pro
viding that the compact would become eiiective as to 
approving States if six States, including California, con
curred. Such legislation was enacted and in 1929 the 
compact became binding upon all of the basin States ex
cept Arizona by a provision of the Boulder Canyon Project 
Act. Arizona did not ratify the compact until February 
24, 1944. 

THE CoLORAi:>O RIVER COMPACT 

The Colorado River Compact provides principally for a 
division of the available water of the Colorado River 
system between the "Upper Basin" and the "Lower 
Basin" at Lee Ferry, which is defined as a point on the 
Colorado River 1 mile below the mouth of Paria Rircr. 
The nearest stream gage to this point on the Colorldo 
River i:\ at Lees Ferry, which is aboYe the mouth of the 
Paria Ri\'cr. Lee Frrry, a few miles below the Arizona
Utah boundaty, is a natural point of demarcation. Here 
all the \vatcrs of the entire upper system, including the 
Paria Rh·cr and return flow from irrigation di,·ersions, 
converge to form a single stream. The total stream flow 
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NEAR LEE FERRY-The dividing point 

at Lee Ferry is computed by adding the flow of the Paria 
River to the flow of the Colorado at Lees Ferry. 

The compact {art. lila) apportions to each of the 
upper and lower basins in perpetuity a total of 7,500,-
000 acre-feet for beneficial consumptive use annually and 
.{art. III~) grants the further right to the lower basin to 
mcrease Its beneficial consumptive use by 1,000,000 acre
feet annually. This division does not apportion the total 
~nnual water yield of the system, but (art. Illc) estab
~lshes t~e basis for supplying any right later recognized 
m .Mex1co and {art. III£) leaves the apportionment of 
any excess among the States after October I, 1963. 

The compact also divides the basin States into two 
divisions: the "States of the Upper Division," including 
Colorado, New !I.Iexico, Utah and Wyoming· and the 
"S ' , tales of the Lower Division " including Arizona Cali-f • , , 
omia, and Nevada. By the terms of the compact (art. 

IIId), the States of the Upper Division cannot cause the 

flow of the Colorado River at Lee Ferry to be depleted 
below an aggregate of 75,000,000 acre-feet for any period 
of ten consecutive years. Since the State boundaries do 
not conform to the actual drainage basin boundaries of 
the upper and lower basins, two of the States of the 
Upper Division, New Mexico and Utah, have a part of 
their territory in the lower basin. Arizona, one of the 
States of the Lower Division, also had a part of its terri
tory in the upper basin. 

.By a provision in the compact, the Colorado River Basin 
includes "All the drainage area of the Colorado River sys
tem and all other territory within the United States of 
America to which the waters of the Colorado River sys
tem shall be benficially applied." Other provisions limit 
the use of Colorado River water to the seven basin States. 
Thus the exportation of waters from the actual drainage 
basin to adjoining areas is authorized "if such diverted 
water is to be used within the boundaries of the States 
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THE COLORADO RIVER BASIN STATES 
within the boundaries of which the U'alm of the Colorado Rit'rr System shall be bcncfi(ially applit•d 

through which the Colorado Ri,·er sy~tcm extends and if 
surh usc is not in excess of that allowed by the compact." 

The compact n:cognim; thr Colorado Ri\'er as a nav
ligablc strr .un, but (art. 1\'b) holds that its use for 
navi~atiou shall be subsnvicnl to its use for domestic and 
agrirultural water supply and for power purposes. 

• • • watn of the Colorado Ri\'rr systr-mmay he impound•·d 
and usrd for the g•·m·mtion of rlrCtlital powrr, but ~u•·h impound
ing and us~ sh~ll he subsnvi•·nt to tJ,c u~<' and ronmmption of surh 
water for agri.:t•hural auJ duntr~tir p•II'P("''S Pnd shall not int<·r· 
fere with or prr\·rnt l<~l' for 511• It du111inant purposrs. 

In addition, the ~umr.IC''t (art. \'11) proYidcs that: 
Nothing in thi> co1npact sh.Jl be construed as afTrrting the oblig1· 

tions of the l1 n ·It'd States t,f America to Iudi.1 n tribes. 

With respect to ~Icxico the compact (art. III) rc,lLL': 

(c) If, as a n1;1ttrr of intrrnational comity, the Cnitl'd Statrs of 
America shall ht•~t•aftrr rel:O!{nize in thl' enit!'d Stat\'S (\f J\kx;.-1) 
any right to tb~· use of any w:~t.•rs of th~ Color:1do Rhrr s\">trm, 
such watt••s shall be supplit•d first from the w~tns "hich ue surplus 
on·r and 11hove the ag!(Tegate of th<' quantiti.-s sptciti~d in para· 
!(l':lphs (a) and (h); and if such surplus .1hallprove insufficil'nt for 
this purposr

1 
tlll'n the burJI'n of surh ddidt•m'y shall be rqually 
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borne by the Upper Basin and the Lower Basin, and whenever 
nrcess.uy the States of the l"pper Division shall deliver at Lee Ferry 
wat.:r to supply one-half of the deficiency so recognized in addition 
to that providrd in paragraph (d)-

The Colorado River Compact cleared the way for 
legislation authorizing the construction of major projects. 
It removed the cause for rivalry in the development of the 
upper and lower basins. Prior development in the 
lower basin would create no prior right to the use of water 
in that basin as against the use in the upper basin. Thi8 
left the upper basin free to develop in the manner and 
time required. 

EvExTs LEADL"'G TO THE BouLDER CA."'IYON PRoJECT 

AcT 

Long strenuous efforts were involved in obtaining con
gressional approval and authority to undertake major 
developments on the Colorado River. In 1914 Congress 
made a special appropriation for more intensive study of 
Colorado River problems by the Reclamation Service and 
followed this ·with additional allotments. Reconnaissance 
studies were made of reservoir sites, irrigation projects, 
and water rights within the basin. Engineer John T. 
Whistler in Reclamation Service reports, made in 1918 
and 1919, concluded that there was sufficient water in 
the n\·er to supply all future irrigation requirements within 
the drainage basin if storage capacity of 10,000,000 to 
12,000,000 acre-feet were provided, and that proposed 
storage for irrigation also would provide a large degree 
of flood protection and would be of material benefit to 
water power development. The principal reservoir sites 
con~idered were on the Colorado River in the upper basin. 

In 1918 two agreements were made between the Im
perial Irrigation District, successor to the California De
wlopment Co., and the United States, providing for 
~urw\-s and the appointment of a joint board ( All-Amer
ICan Canal Board) to plan the construction of an All
American canal from Laguna Dam. The first Kettner 
bill, to authorize construction of such a canal, was intro
?uced in Congress in June 1919. Neither this bill nor 
1ts >uccessor, introduced in the second session of the same 
Congress, was enacted. 

The Kinkaid Act in ~lay 1920 authorized and directed 
the Secretary of the Interior to make an examination and 
report on the condition and possible irrigation develop
ment of Imperial \'allev. One-half of the cost of this 
e~a~ination and im·estigation was to be paid by the 
l ntted States and the other half bv local interests. 

The principal reservoir sites di'\Cussed in the Whistler 
repo~ts, being located above Grand Canyon, would not 
prol"lde the flood protection which was the essential and 
mos~ ur:~ent need of Imperial Valley. Acco;dingly, in
\"C.,llgauons by the Reclamation Service were transferred 
to the lower b;u;in. Topographic surveys were made of 

~ 
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the Colorado River upstream from Bulls Head by the 
Geological Survey. The Reclamation Service made a 
detailed survey of dam sites in Black and Boulder Can
yons, and because of their interrelation with the prolr 
lem5 of the Imperial Valley, a general review of the condi
tions and water resources of the entire Colorado River 
Basin was also undertaken. 

A report by A. P. Davis, director of the Reclamation 
Senice, to the Secretary of the Interior in July 1921 gave 
the results of investigations demonstrating the feasibility 
of Boulder Dam from the construction standpoint and 
presented studies on flood control, water supply, and 
hydroelectric power showing conclusively that the develop
ment of a reservoir of such capacity as would be possible 
by the construction of a dam at one of these sites was the 
key to the problem of proper and orderly development of 

-the water resources of the Colorado River Basin. This 
report was the first to propose a dam of such un
precedented height as 600 feet. 

The Secretary of the Interior in transmitting his re
port, popularly known as the Fall-Da,is report, to the 
Senate on February 28, 1922, included among his pro
posals me following two recommendations: 

It is recommended that through suitable legislation the United 
States undertake the construction with Governmmt funds of a 
highline canal from Laguna Dam to the Imperial Vall~y, to be re
imbursed by the lands benefited. 

It is recommended that through suitable legislation the V nited 
States undertake the construction with Government funds of a res
ervoir at or ne3.f Boulder Canyon on the lower Colorado River to 
be reimbursed from leasing the power privileges incident thereto. 

Two months after the Fall-Davis report was transmit
ted to the Senate, Congressman Phil D. Swing and Sen
ator Hiram Johnson, both of California, introduced bills 
seeking to authorize the construction of a project for 
Colorado River development which would embody the 
recommendations of that report. These were the first of 
four Swing-Johnson bills introduced successively in the 
Sixty-seventh, Sixty-eighth, Si.xty-ninth, and Se\entieth 
Congresses, the last of which became the Boulder Canyon 
Project Act. 

Meanwhile, influential groups of lower basin citizens 
urged construction by the United States of Boulder Dam 
and the All-American Canal. There was also con~idc::r
able opposition to these proposals, especially from those 
who were against public power development. ' 

In February, 1924-, the results of 2 years' additional 
work under the Kinkaid Act were embodied in a report 
made by Chief Engineer F. E. We~mouth of the Bureau 
of Reclamation, which stressed the immediate need of 
flood protertion and {or storage to pre\·ent shortage of 
water and crop losses in the Imperial Valley. He con
cluded that the urgent problems of river control and util
ization in the Colorado Riwr Basin could be solved by (a) 
construllion of a dam in Black Canyon to raise the water 
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605 feet and form Boulder. Canyon Reservoir with a 
capacity of 34,000,000 acre-feet; (b) reservation of 8,-
000,000 acre-feet of capacity at the top of the reservoir 
for flood control with the provision for a decrease of 4,-
000,000 acre-feet, dependent on adequate upstream de
velopment; (c) prO\;ision for irrigation to receiye priority • 
over power in the use of remaining storage; (d) construc
tion of a powerhouse with 1,200,000 horsepower installed 
capacity; and (e) construction of an All-American canal 
from Laguna Dam to Imperial Valley. The repmt sub
mitted preliminary designs for a dam in Black Canyon 
and fully demonstrated adv4ntages of this site, 

In 1924 late summer; flow in. the Colorado River was 
so low that the Imperial Valley in California for a few 
weeks received barely enough water for domestic and 
stock-watering purposes and suffered severe crop losses. 
The immediate construction of Boulder Dam was then 
demanded. · 

Preliminary surveys indicated the practicability of an 
aqueduct from the Colorado River to supply municipal 
water to the Los Angeles metropolitan area. In 1925 
the electorate of the city of Los Angeles authorized the 
issuance of $2,000,000 in bonds to provide funds for a 
more intensive and detailed study of the possible use of 
Colorado River water for a municipal supply, having in 
mind a plan that would benefit metropolitan southern 
California. 

In the committee hearing on the third Swing-Johnson 
bill in 1926, congressional consideration for the first time 

. was givrn to this proposal to use the Colorado River for 
a domestic water supply for southern California. As ad
ditional engineering work for a Colorado Riv~r aqueduct 
was performed, it became evident that any practicable di
version from the river would involve pumping, which 
would would require a large amount of low-cost power. 
This created at once a potential market for a substantial 
part of the power from a major river development. When 
these facts were laid before the Congress, support for the 
Swing-Johnson measure becan1e more general. 

After long debate the Boulder Canyon Project Act 
(Swing· Johnson bill, H. R. 5 773) was passed by the 
House on :\Iay 25, 1928. Four days later the Congress, 
by joint resolution, authorized the appuintment of a 
Colorado River Board and directed it to report on several 
vital questions concerning the proposed Boulder Canyon 
project. Thereupon the Secretary of the Interior ap
pointed to this board CharlL'S P. Berkey, Daniel W. ~lead, 
Wamn J. Mead, Robert Ridgeway, with ~lajor General 
William T. Sibert, as chairman, all eminent engineers 
a!ltl geologists. 

On November 24, 19213, the ho:ud submitted its re
port which declared that a propost'd dam aero~ the Col
orado River at niark or Boulder Canyon was frasihle, that 
the Black Canyon site w~s prdcral,Jc to the Bouldrr Can-
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yon site, and "that a growing demand for power in south
ern California when considered on a conservative basis 
will be sufficient to absorb the probable power output of 
the proposed hydroelectric plant." 

In its report the board prescribed changes in plans 
which increased the estimated cost of the dam, but it had 
satisfied the Congress of the feasibility of the project. 
Many of the recommendations were incorporated in 
amendments to the bill, finally becoming a part of the 
Boulder Canyon Project Act. 

The bill as finally amended was passed by the Senate' 
and the House and signed by President Coolidge on De
cember 21, 1928, thus ending the long campaign for leg
islation providing for the first major Colorado River 
development. 

BouLDER CANYON PROJECT AcT 

The Boulder Canyon Project Act (sec. 1 ) provides: 
That for the purpose of controlling the floods, improving navi

gation and regulating the flow of the Colorado River, providing for 
storage and for the delivery of the stored waters thereof for rec
lamation of public lands and other beneficial uses exclusively with
in the United States, and for the gc11cration of electrical energy as a 
means of making the project herein authorized a self-supporting and 
financially solvent undertaking, the Secretary of the Interior, sub· 
ject to the te!ms of the Colorado River Compact hereinafter men
tioned, is hereby authorized to construct, operate, and maintain a 
dam and incidental works in the main stream of the Colorado River 
at Black Canyon or Boulder Canyon adequate to create a storage 
re<ervoir of a capacity of not less than 20 million acre-feet of water 
and a main canal and appurtenant structures located entirely with· 
in the United States connecting the Laguna Dam, or other suitable 
diversion dam, which the Secretary of the Interior is hereby author
ized to construct if deemed necessary or advisable by him upon 
enginerring or economic considerations, with the Imperial and 
Coachella Valleys in California, the expenditures for said main 
canal and appurtenant structures to be reimbursable, as provided in 
the reclamation law, and shall not be paid out of revenues derived 
from the sale or disposal of water power or electric energy at the 
dam authoriz~d to be constructed at said Black Canyon or Boulder 
Canyon, or for watrr for potable purposes outside of the Imperial 
and Coachella Valley: Provided, howerrr, That no charge shall 
be made for water or for the use, storage, or delivery of w:~tcr for 
irrigation or water for potable puposes in the Imperial or Coachella 
Valleys; also to construct and equip, operate, and maintain at or 
nrar said dam, nr cause to be construct~d, a complete plant and 
incidental structures suitable for the fullest economic de\'elopment 
of electrical energy from the wate-r discharged from said rf'scrvoir; 
and to acquire by proct"edings in eminent domain, or othtrwise, 
all lands, rights-of-way, and other property neccmtry for said pur· 
poses. (45 Stat. 1057.) 

The Boulder Canyon Project Act (sec. 2a) also set up 
the Colorado River Dam fund as a special fund to carry 
out provisions of the act. An appropriation not to exceed 
$165,000,000 was authorized to be rl'paid with 4: percent 
interest e.xcept $38,500,000 to he used for the construc
tion of the All-American canal. Before any money could 
be appropriated or any constructlon work done the Sec
retary of the Interior (sec. 4b) was required to make pro-
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Yision for revenues, by contract or otherwise, which in 
his judgment would be adequate to pay all expenses of 
operation and maintenance and repay with interest at 4 
percent within 50 years of the completion of the project 
all money advanced by the Federal Government for the 
construction of the dam and incidental works. 

The contract between the United States and the Im
perial Irrigation District, entered into on. October 23, 
1918, for the construction of the All-American canal en
tirely at the expense of the district, was recognized in the 
act (sec. 10) but the Secretary was given authority to 
modify such ag-reement with the consent of the district. 

The Secretary (sec. 15) is authorized and directed to 
make investigations and public reports on the feasibility 
of projects for irrigation, power, and other multiple uses, 
for the purpose of formulating a comprehensive scheme of 
control and the improvement and utilization of the water 
of the Colorado River and its tributaries. A sum of $250,-
000 was authorized to be appropriated from the Colorado 
Rh·cr Dam fund for such purposes. 

The Boulder Canyon Project Act also (sec. 4a) pro
vides that the act shall not take effect, and that no work 
shall be begun and no moneys expended nor water. rights 
claimed thereunder, unless and until, within 6 months all 
seven of the basin States had ratified the Colorado River 
Compact or, as an alternative, unless and until six of the 
sewn States, including the State of California, had rati
fied the wmpact, and the State of California, "as an ex
press coYenant and in consideration of the pas8age of" the 
Boulder Canyon Project Act, had agreed to limit its an
nual consumptive use of Colorado River water to not to 
exceed "4,400,000 acre-feet of the waters apportioned to 
the IO\m basin States by paragraph (a) of article III 
of the Colorado River Compact, plus not more than one
half of any excess or surplus waters unapportioned by said 
compact, such uses always to be subject to the terms of 
said compact." Wyoming, Colorado, New Mexico, and 
l\'evada had ratified the compact on a 6-State basis in 
February and }.larch of 1925. In March of 1929 Califor
nia unconditionally ratifi~d the compact as a 6-State 
compact, and Utah's ratification followed immediately. 
~n June 25, 1929, President Hoover issued a proclama
tion P~l"\uant to the provisions of the act, stating that all 
prescnbed conditions under the second alternative men
tion~d had been fulfilled and that the Boulder Canyon 
Ptoject Act was effective a~ of that date. 

Co:\TRACTS FOR PowER AND WATER · 

Negotiations for power contracts were started by the 
Scrretary of the Interior in 1929, and the next year two 
contrart~, carrying an obligation to take and pay for all 
o.f the firm energy to be generated at Boulder Dam, were 
st~n?J at Los Angeles. The first was a lease of power 
pnnkges to which the United States, the city of Los 
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Angeles (through its department of water and power), 
and the Southern California Edison Co. were parties. 
The second was a contract for the purchase of electric 
energy to which the United States and the Metropolitan 
Water District of Southern California were parties. 

On July 3, 1930, President Hoover signed an act, 
c~g an appropriation of $10,660,000 for starting 
construction of the Boulder Canyon project which auto
matically placed the power contracts in effect. Prepara
tions for construction of Boulder Dam were started im
mediately as the first step in the actual carrying out of the 
primary intent of the Boulder Canyon Project Act-"To 
convert a natural menace into a national resource" by 
harnessing the mighty Colorado River. The dam was 
completed and the first water stored in Lake Mead in 
1935. 

·under the terms of a contract between the United 
States and the Metropolitan Water District of Southern 
California made in 1930 and amended on September 28, 
1931, the United States undertakes to deliver to the dis
trict 1,100,000 acre-feet of water annually from storage 
in Lake Mead. Delivery is made in accordance with the 
priorities fixed in a schedule agreed to in August 1931 
by the Metropolitan Water District of Southern Califor
nia, Palo Verde Irrigation District, Imperial Irrigation 
District, Coachella Valley County Water District, the city 
of Los Angeles, and the city and county of San Diego. 
The agreement defined the rights of the parties named and 
also those of the portion of the Yuma project in Califor
nia. A charge of $0.25 per acre-foot is made for water 
delivered to the Metropolitan Water District of Southern 
California and to the city and county of San Diego. 

The Metropolitan Water District of Southern Cal
ifornia is a public corporation organized in December 
1928. The original organization included Los Angeles 
and 10 other cities. The district now includes 14 cities. 

Under the terms of another contract between the 
United States and the Metropolitan Water District of 
Southern California, signed February 10, 1933, tne 
United States built Parker Dam on the Colorado River 
below Boulder Dam with funds provided by the district. 
The dam is owned and operated by the United States and 
provides regulation for diversion of water into the Colo
rado River Aqueduct which was constructed by the dis
trict to carry Colorado River water to the southern Cal
ifornia coastal plain. 

Beginning with 1930, numerous contracts were made 
by the United States with California, Arizona, and Ne
vada interests for the use of water stored by Boulder Dam 
and the power produced at Boulder and Parker Dams. 
Each such contract, including the one with the Metro
politan Water District, makes the delivery of water and 
power subject to availability under the terms of the Col
orado River Compact and the Boulder Canyon Project 
Act. 
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BouLDER CANYON PROJECT ADJUSTMENT AcT 

The Boulder Canyon Project Adjustment Act, signed 
by President Franklin D. Roosevelt on July 19, 1940, re· 
moved competition as the basis for rates and charges for 
power from the Boulder Canyon project and specified 
that power income must be su,,fficient to operate and main
tain the project; to provide certain specified annual sums 
for payment to the States of Arizona and Nevada and in
to the Colorado River Development fund; and to repay 
to the United States with interest at 3 percent during a 
50-year period the advance made to the Colorado River 
Dam fund, less $25,000,000 allocated to flood control 
and deferred beyond 50 years. 

This act set up the Colorado River Development fund 
and provided for the transfer from the Colorado River 
Dam fund 

the sum of $500,000 for the year of operation ending May 31, 1938, 
and the like sum of $500,000 for each year of operation there· 
after, until and including the year of operation ending May 31, 
1987. * * * Receipts of the Colorado River Development 
fund for the years of operation ending in 1938, 1939, and 1940 
• • * are authorized to be appropriated only for the continu· 
ation and extension, under the Secretary of studies and investiga· 
tions by the Bureau of Reclamation for the formulation of a com· 
prehensive plan for the utilization of waters of the Colo~ado River 
systrm for irrigation, electrical power, and other purposes, in the 
Stall's of the upper division and the States of the lower division, in· 
eluding studies of the quantity and quality of water and all other 
relevant factors. The next such receipts up to and including the 
receipts for the year of operation ending in 1955 are authorized to 
be appropriated only for the invrstigation and construction of proj· 
ects for such utilization in and equitably distributed among the four 
States of the upper division. Such rrceipts for the years of opera· 
tion ending in 1956 to 1987, inclusive, are authorized to be appro· 
priated only for the investigation and construction of projrcts for 
such utilization in and rquitably distributed among the Statt's of 
the upper division and States of the lower division. * • • 
Su'h projects shall be only such as are found by the Secretary to be 
ph)·skally fcasiole, economically justitit·d, and comistent with such 
formulation of a comprehensive plan. Nothing in this act shall 
be construed so as to prevt>nt the authorization and construction of 
any' surh projects prior to the 'ompletion of said plan of comprr· 
hcnsive di'Vdopment; nor shall this act be construed as alTrcting 
the right of any State to prorrrd indt·pendently of this act or its 
provisions with thr investigation or construction or any projr.ct or 
projc:rts. (54 Stat. 774.) 

Between United States and Mt:dco 

At the time (If the Gadsdc.n Purrha,..e, the Colorado 
River was consiJcrell to bl~ valuable for mvigation only. 
But as time pas.~rd and the \\\~t wn~ settled, thriving com· 
munities were r~taLiished in the Unitl•d Statrs and in 
?\lexicu, ''holly <kprndmt upon di,·cn;ic1n of Colorado 
River watc·r for irrigation. Thdr rontinurd existence and 
future growth wen· lin1ited strirtiY to the rxtent watrr 
might he divrrt!'d and consumed f~r irrigatinn purpose~. 

~ 
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This irrigation development had been made without any 
international agreement or treaty providing for irrigation 
use of the water of this important international river and 
without either country insisting upon the maintenance of 
navigability in the .border regions of the Colorado River 
envisioned in early treaties between the two countries. 
Both Mexico and the United States now recognize that 
the best interests of the peoples concerned were promoted 
by diversion of water for irrigation rather than by main
tenance of the river as a navigable stream. 

The All-American Canal system has replaced the Al
amo Canal diversions to California lands and also for the 
most part La~:,runa Dam diversions to the Yuma project. 
Mexico, however, continues to use the Alamo Canal, 
which diverts from the Colorado River at a point 1 ~ 
miles within the United States, and also makes a number 
of diversions from the Colorado River farther down
stream. 

The Colorado River compact, as previously quoted, 
provides that if the United States recognizes that Mexico 

· has any right to the use of any waters of the Colorado 
River system that such an amount shall be supplied from 
water which is surplus over 16,000,000 acre-feet per an
null]. and in case such surplus water should be insufficient 
that each basin from its apportioned share shall supply 
one-half of the deficiency. 

THE TREATY WITH MEXICO 

A treaty between the United States of America and 
the United Mexican States relating to the division of the 
waters of the Colorado and Tijuana Rivers and of the 
Rio Grande, was signed by representatives of the respec
tive Governments at \'\? ashington on February 3, 194:4. 
The treaty (Executive A, 78th Cong., 2d sess.) the pro
tocol (Executive H, 78th Cong., 2d sess.) signed Novem
ber 14, 1944, and clarifying reservations to the treaty 
were ratified by the United States Senate on. April 18, 
1945. The t1caty was ratified by the Mexican Senate on 
September 27, 1945. 

By its provL~ions (art. 2) the general admini~tration of 
the treaty is entrusted to the International Boundary and 
Water CommL-.sion, designated to be the succes~or of the 
lnternatiomJ Boundary Commission created by the con
vention of the two countries on March 1. 1889. 

The Commi~,ion shall in all rt'Sp!"cts havr thr status of an in· 
tcrnational body, and shall consist of a Unit.-d States section and a 
Mrxiran section. Thc:- ht·ad of eal·h sr,·tion shall be an en· 
gim·rr cnmmissiont'r. Wht'rt'Vrr th<"rl' an' provisions in this trraty 
for joint ...-tion or joint a~n'l'mt•nt by tht> two governments, or for 
tht' furnisl,ing of rt•ports, studi(·s, or plans to th!!' two govt'rmn~nt>, 
or similar provisions, it shall b.... understood that the partirul.1r mat· 
trr in qul"stion shnll br handlrd br or through the D~"partmrnt of 
State of th(' llnitrd Statrs and th~ Ministry of For('ign Relations 
of Mrxko. 
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Fach government is to accord diplomatic sLatus to the 
commil>Sioner and certain other officers of the section of 
the other go\'ern'ment. 

The tr("aty (art. 10) allots to Uexico from the waters 
of the Colorado Ri\·er: 

(a\ A guaranteed annu:U quantity of 1,500,000 acre-feet to be 
delivered in accordance with cert:Un conditions and specifications 
a.s to point and rate. 

(b) Any other quantities arriving at the Mexican points of di
ver< ion, with the understanding that in any )car in which, a> de
t~rminrd by the t: nited State. settion, there exisu a surplus of 
waters of the Coloro~do River in exce.s of the amount nece.'ISary to 
supplv uS<"rs in the Unittd States and the guaranteed quantity of 
1,5(ll),000 acre-feet annually to Mexico, the United States under
takes to deliver to MM<ico • • • additional waters of the Col
or •do River sy<tem to provide a total quantity not to exceed 
1,700,000 acre-fN"t a year. Mexico shall acquire no right * * * 
by use of the waters of the Colorado River system for any purpose 
whatsoever, in excess of 1,500,000 acre-feet annually. 

In the C\'tnt of extraordinary drought or serious accident to the 
irrigation sy;tem in the United States, thereby making it difficult 
for the Vnited States to deliver the guaranteed quantity ~f 1,500,· 
000 acre-feet a year, the water allotted to Mexico under subpara
graph (a) of this artide will be reduced in the same proportion as 
consumptive uses in the United States are reduced. 

The water of the Colorado River to be furnished Mex
ico by the United States under the treaty (art. 11) "shall 
be made up of the waters of the said river, whatever their 
origin," and shall be delivered by the United States in 
the boundary portion of the Colorado River, except that 
until 1980 1Iexico may receive 500,000 acre-feet an
nually, and after that year 375,000 acre-feet annually 
through the All-American canal as part of the guaran
teed quantity. 

Other provisions (art. 12) of the treaty pro\ide that 
the two governments agree to construct the following 
works: 

Mexko shall construct at its expense, within a period of 5 yean 
from the date of the entry into force of this treaty, a main diversion 
structure h<:-low the point where the northernmost part of the in· 
ternational land boundar)' line intersecu the Colorado River. The 
Commi<>ion shall thereafter maintain and operate the structure 
at the expense of Mexico. Regardle.s of where surh diversion 
~tructure is locatr·d, there shall simultaneously be constructed such 
kvees, intrrior draina~e facilities, and other works, or improvements 
to existing work 'I, as in the opinion of thr commission shall be nttl'S· 
sary to prot~'<'t lands within the United StatN against damage from 
such floods and seepage as might result from the construction, oper
ation, and maintenance of this dh·ersion structure. These pro tee· 
tive worb shall be constructed, operated, and maintained at the 
expense of !>Iexico by the respective sections of the commission, or 
under thtir suprrvi~ion, each within the territory of its own country. 

The l"nited States, within a period of 5 years from the date of 
the entry into force of this treaty, shall construct in iu own terri· 
'"" and at its nprnsc, and hereafter oprratc and m .• intain at iu 
'·'i"·n,•·, the Davis storage dam and reservoir, a part of the capacity 
of "hi, h sh:1~! ~ u•ed to ma.ke po~>ible the regulation at the bound· 
arv of t:.e w•Hero to be deliverrd to Ml'xico in accordance with the 
provi,iom of article 15 of this treaty • • • 
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and 

shall construct or acquire in its own territory the works that may 
be n,•cessary to convey a part of the waters of the Colorado River 
allotted to Mexico to the Mexican diversion points on the intcrna· 
tional land boundary line J"f'ferred to in this treaty. Among th~c 
works shall be included: the can -I! and other works necessary to 
conwy water from the lower end of the Pilot Knob Wasteway to the 
international boundAr)', and, should Mexico requ~st it, a canal to 
comi('ct the main diversion structure * • * with the Mex· 
ican system of canals * * • Such wor%s shall be constructed or 
acquired and operat~d and maintained by the United States Settion 
at the expense of Mexico. Mexico sh:ill also pay the costs of any 
sites or rights-of-way required for such works. 

The Commis-sion shall construct, operate, and maintain in the 
limitrophe section of the Colorado River, and each Settion shall 
constrUct, operate, and maintain in the territory of its own country 
on the Colorado River below Imperial Dam and on all other carry-. 
ing facilities used for the delivery of w:ltcr to Mexico, all neces· 
sary gaging stations and other measuring devices for the purpose of 
keeping a complete record of the waters delivcrtd to Mexico and 
of the Bows of the river. All data obtained as to such deliveries 
and flows shall be periodically compiled and exchanged between 
the two sections. 

Another provision (art. 13) of the treaty directs that: 

The commission shall study, investigate, and prepare plans for 
flood control on the lower Colorado River between Imperial Dam 
and the Gulf of California, in both the United States and Mexico 
* * * The two Governments agree to construct tluough their 
respective sections of the comm.ission, such works a.s may be recom
mended by the commission and approved by the two go,·ernrnent,, 
each government to pay the costs of the works constructed by it. 
The commission shall likewise recommend the parts of the works tu 

be operated a:nd maintained jointly by the commission and the parts 
to be operated and maintained by each section, The two govern
ment!! agree to pay in equal shares the cost of joint oprration and 
maintenance and each government agrees to par the cost of oper"-· 
tion and maintenance of the works assigned to it for such purp<>se. 

The protocol, which is an integral part of the treaty as 
ratified, provides that: 

Wherever * * * specific functions are imposed on, or ex
clusive jurisdiction is vested in, either of the sections of the In· 
ternational Boundary and Water Commission, which invoh·e the 
construction or use of works for storage or convcydnce of "·atrr, 
flood control, stream gauging, or for any other purpose, which _are 
situated wholly within the territory of the country of that sect1on, 
and which are to be used only partly for the pcrformance of ~aty 
provisions, such jurisdiction shall be exercised, and such funrtio~s, 
including the construction, operation, and maintenance of the_ s;ud 
works, shall be pcrformrd and carried out by the fe~eral ag~nc1es ?I 
that country which now or hereafter tna)· be autbonttd by domestic 
law to construct, or to operate and maintain, such ~rks .. Such 
functions or jurhdictions sl\all be exercised in confonnlly With the 
provisions of the treaty and in cooperation. with th_e respec~ve .=· 
tion of the commis.ion, to th~ end that allmternatlona.l obltgatJOns 

and functions may be coordinated and fulfilled. 

Ratification of the treaty ill a step forward in interna
tional cooperation. A 98-year point ~£ dispute 0\·er ~lo
cation of the waters of the Colorado R1ver and other mcrs 
rising in the United States and flowing into Mexico should 

be settled. ' 
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"Present .developments are indicative of futute possi

bilities. A growing Nation ... is demanding full 

development and use of all its resources . . .. 

"Millions of acres of dry fertile lands yet are idle and 

most irrigated areas are not producing maximum yields 

because of water shortages, ... flood waters still un

controlled flow destructively to the Pacific Ocean and are 

lost for beneficial use . . Control of these waters will re

quire cqoperative planning and systematic development 

involving construction of huge structures, mostly beyond 

the financial range of private enterprise. . . . 

"Prosperity in the Colorado River Basin brought by 

full development of water and land resources will have a 

stimulating beneficial effect on the economy of the mtire 

COU1111)'," 



CHAPTER IV 

Developing the Basin 

Water holds a key position in developing the resources 
of the Colorado River Basin. It is the "critical material" 
because of its limited supply and great demand. Develop
ment and utilization of other resources in this arid land 
depcntl upon the a\·ailability of water. Crops must be . 
irrigated; cattle on the Yast ranges must be partially fed 
from ha\· produced on irrigated land; towns and cities 
mu~t be located within distance of dependable domestic 
and municipal water supplies; and mining and many ' 
other industries depend to an extent on the avail.tbility of 
hydroelectric power. 

The use that has been made of the basin's resources by 
those people who haYe clair.1ed this land as their home and 
the need~ and problems confronting them must be un
dmtood bdore any solution or plan can be suggested to 
imprm e present conditions and create additional oppor
tunities. For that purpose this chapter includes a sur
vey and appraisal of the basin's resources and economic 
;;.ctivities. 

The Colorado River Basin is a part of America's fron
tier .. It is, perhaps, as little developed as any comparable 
area m the l:nited States. Yet it is known that here lie 
buried onNixth of the entire world's coal reserves, bil
licms of barrels of oil in shale and sand (equivalent to 
many times the kno'\\n petroleum reserves in all the oil 
fields of the l' nited States) and vast treasures of other 
minerals including petroleum, natural gas, copper, lead, 
zinc, gold, silver, rare hydrocarbons, vanadium, molyb
denum, phosphates, and many others. For only a few of 
these ran it be said that deYelopment has had even a good 
be:;inning. 

Crop production in the basin is dependent almost 
wholly on irrigation. ~fore than 2!/:1 million acrcs
n:uch with an inadequate late season supply-are now ir
ngated. Development of the basin's land and water re
sources is little beyond the half-way mark toward ultimate 
potentialities. Livestork raising is the basin's principal 
a~?;ricultural pu~uit, but the numerous herds of cattle and 
sheep that graze the vast ranges and forests are dependent 
on supplemental feed from irrigated farms. 
. Onl~ i.n. the la..'it two decades ha.~ a good start been made 
Ill cxpl01tmg the possibilities of the Colorado Ri\'er for 
gcnnating hydrorl•'ctric power. Construction of Boulder 

Dam to control the flow of the lower river was the firs1 
big development. Even with completion of all preselll 
and authorized construction which will give to the riveJ 
system installed generating capacity of 2 million kilowatts. 
only a little more than a third of the basin's water powe1 
will be harnessed. 

Extending more than two-thirds the distance aero~ 
the Nation, from Mexico to Canada, the Colorado RiYer 
Basin is crossed in an east-west direction by several trans
cont;nental railroads and highways. Korth-south trans
port.l.tion is dependent very largely on a few highways. 
The improvement of highways and transportation facili
ties characterizing this generation has bettered living con
ditions in the basin and has increased the basin's economic 
contributions to the Nation. Some importaut agricul
tural and mineral areas, however, are today a hundred 
miles or more from railroads. F urthcr improwment and 
expansion of transportation facilities within the basin 
would be a national asset. 

Practically the only manufacturing in the basin is the 
pro( essing of farm and forest products on a limited 8cale . 
.Mo~t of the food, fiber, and minerals produced or mined 
in the area is shipped away in raw state. In recent years 
the Los :\ngeles metropolitan area has become one of the 
Nation's principal manufacturing areas due in large me3.5-
ure to low-cost power produced at Boulder Dam. 

The spectacular natural beauty, shrouded in the ro
mantic aura of frontier adventure, delights the tourist and 
health seeker. The basin is fa~t becoming a national play
ground. Rocky Mountain, Mesa Verde, Bryce Canyon, 
Zion, and Grand Canyon National Parks, the Painted 
Desert, Petrified Forest and Boulder DamN a tiona! Recre
ational Area as well as manv national monuments lie 
wholly or partly within the 'basin. Unmatched trout 
fishing in mountain streams and lakes, big-gan1e hunt
ing, and Indian reservations add to the b3.5in's outstand
ing attractions. 

The people on the b3.5in's irrigated farms and those 
in the cities and towns that rise on the commerce created 
by irrigated ;~griculture and by mining exercise purchas
ing powa that establishes markets for automobiles, farm 
machinery, and other products manufactured and grown 
in all parts of the country. 
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Permanent settlement of this frontier region is ap
proaching the end of a century, but only in small measure 
have the basin's bounties been applied to man's use. 
Present developments are indicative of future possibilities. 
A growing Nation and· a world power is demanding full 
development and use of all its resources. 

UPPER BASIN 

Agriculture, particularly livestock raising, and mining 
are the principal industries of the upper basin. Oil re
fining, lumbering, transportation, trade, recreation, and 
construction are of lesser but growing importance. 

Growth and distribution of population were discussed 
in chapter II. With its 1940 population of 286,450 dis
tributed over 110,500 square miles, the upper basin's 
a\·erage of 2.6 persons per square mile is only one-seven
teenth of the national population density. Sparse settle
ment and great distances between communities create 
special economic and social problems. Goods and services 
are more difficult to obtain and more costly than in 
thickly populated areas. A few ranch homes are 100 
miles from medical, dental, and hospital facilities. Many 
families are located long distances from schools, churches, 
and trading centers. Opportunities for many forms of 
recreation and social and educational activity are re
stricted. 

In such a large, sparsely settled area difficult problems 
arise in providing and maintaining roads and other pub-

. lie services. 1\Iany local roads are poor and during parts 
of the year impassable by motor vehicles. . Some rural 
homes are without electric service, but power lines are 
being extended to small communitit'S, farms, and ranches, 
thereby adding to the convenience and comfort of the 
people. 

LABoR :FoRCE 

The economy of a region is affected more by the lahar 
force, employed workers and those actively seeking work, 
than by any other segments of the population. It is this 
group that is the hight'l't in both production and consump
tion of goods. 

The labor force expands or contracts with changing 
economic conditions. In good times its ranks arc !'Welled 
by young people leaving !'chool before completing their 
rou~t'S anll by hnuscwi\'el', rt:tired per~nn.<>, and others 
who nonnally are not rmployed. The ~ile of the labor 
force also is influenced by the composition {lf the popula
tion. Where the pern·ntagc of children or old pt·opk is 
ahovc average the l.thur force is likely to be small. Em
ployable prrsons who m.tke up the labor force arc mo~t 
likdy to migrate to an'it~ ''here tl"OilOillic opportunities 
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are greater. The percentage of the total population in the 
labor force generally is an index to the economic pros
perity of a region. 

The lfnited States census for 1940 shows a male labor 
force, O\~r 14 years of age, of 72,317 in the upper basin, 

• I 

equ1val<11t to 25 percent of the total population, compared 
with 40 ;percent for the Nation as a whole. Thirty-four 
percent 'of the upper basin's workers were employed in 
agriculture, 13 percent in mining, and 35 percent in 
other regular occupations. The other 18 percent were 
either employed on Government "relief" projects or were· 
seeking work, the proportion of the labor force in this 
group being larger than for the average of the Nation. 

TABLE V.-Labor force in selected employment groups in 
up per basin (1939) 1 

I 
Percent of labor Coree 

Gainfully employed Em- Number in State II.Ml ployed labor force on Seeking 
Agri· Min- All emer- work 

culture ing other gency 
jobs work 

Wyoming_ ••.... 18 28 41 4 9 9, 8HO 
Colorado .• _. __ ._ 35 10 38 6 11 43, 329 
l'tah •••••••..•. 36 15 27 10 12 H. 720 
Jliew :Mexico ••••. 61 2 22 ll 9 4, 378 
l'pper basin .•••. 34 13 35 11 72, 317 
United St»tes ...• 20 . 2 63 10 139, 9-H, 240 ,. 

I 

'Male persons over 14 years of age. 

The income from many farms was insufficient to sup
port the farm operator, making it necessary for him to find 
supplemental emplo)ment. In 1939, a year of aYerage 
farming conditions, about one-third of the farmers worked 
away from their farms for pay an aYerage of about a third 
of their time. :Mining and public work pro\'idcd most of 
the outside employment, which required many farmers 
to leave their families. l\Iost of the farmers who worked 
away were no doubt the operators of small part-time 
farms. 

TABLE VI.-Supplcnwzlalemployment of farmers in upper 
basin (1939) 

I Farnwr.o wurk ing away \ 
frnm tlwir illrms -~ W!'!ll!'\' days 

JWf\'t'lift'fh"h 

I 
I farm;., work,'{\ 

P~n'f!nt of all I away from his 
~umbt'T !nrmPrs in farm 

labor l<>rt~ 

-------------· ----~-----
\Yyomin!( .......... -----· 3l19 3s / 1:?3 
(\,lorado................. 3.liS3 2\1, 13S 
l'tah..................... 2, OSl 4

1
ti.>' 1' 1:?9 

"' 'I · 3'.1'.l 1"1 ,,!'W ·' !'XI('O.............. I () 
l'pp<'r ha•in.............. 6, fl:.?8 32 , 131 

Additiunal irrigation water would expand and stabi
lize fanning- and create greater agricultural opportuni
ties for uppl·r ba.-~in people. Fewei· farmers would be 
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required to find other employment, and in periods of 
economic dllitress fewer workers would be seeking 
"emergency work." 

LA:\'D OwNERSHIP A:-iD L'sE 

Of the land in the upper basin only about 22 percent is 
privately owned, 78 percent is owned by either county, 
State, or Federal Governments or by Indians and yields no 
tax revenues. The pattern of land use in the upper basin 
is approximately as follows: 

I A~ P•rct'llt ol 
total area 

-------------------1~-------\-------
rrril.:a!t•d land_--------------------' 1, 325, 000 I. 9 
CuJti,·ated without irrigation________ 272,000 .• 4 
Grazin!llllnd: 

Publicly owned .•• ------------- 29,221,000 41.4 
Privatdyowned,. _____________ 8,i75,000 12.4 
State and eount.y owned ________ 

1 

2, 860,000 4. 0 
Indian J'('Servations_____ _ _ _ _ _ _ _ _ 8, i75, 000 12. 4 

:'\ati<mal forests ___________________ 13,378,000 IS. 9 
Xational parks and monurnl'nts______ 586,300 • 8 
:\Ii-cellaiwous areas. ______________ -;_5_, s_o_3,_i_oo_: ____ i_. _s 

• Tota'-----------------------170,696,000 j 100.0 

About 70 percent of the total land area is classed as 
grazing land in the tabulation. Grazing is also extensive 
on national forest lands and on other areas so that mw.;h .. 
more than 70 percent of the total area is actually grazed. 
The 1940 Vnited States Census reported 285,000 acres of 
irrigated land used as pasture. 

The better grazing lands are in the higher stream val
leys and on the mountains and foothills. These lands 
are used for summer grazing'of cattle and sheep, and the 
scanty Yegetation in the lower desert areas provides win-
ter range for sheep. . 

Crop land, both irrigated and dry-farmed, comprised 
only 2.3 percent of the total acreage in 1939 and only 
1.9 percent was actually cropped. 

Farming without irrigation is generally unsuccessful in 
the L' pper Basin because of the uncertain rainfall. It is 
practiced, howe,·cr, to some extent in the Yampa and 
White River Basins, and favorable climatic conditions in 
the past few years together with high, prices have encour
aged expansion of dry farming in the Dry Side area of the 
La Plata River Basin and on the upland mesa between 
Cortez, Colo., and l\lontirello, Utah. In general, at alti
tudes where rainfall is sufficient during the summer to 
grow crops without irrigation, the season is too short for 
crops to mature. 

SoiLS 

The entire upper basin is underlain with sandstones, 
limestones, and shales composing the parent rock from 
which the soil forming material has been derived. Four 
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types of soil are found: (I) alluvial soils made up from 
stream-deposited materials; (2) glacial soils in the form 
of glacial deposits or out-wash plains derived partly from 
granites' and other igneous material of the higher moun
tains; (3) residual soils formed in place by the weather
ing of surface rocks but altered in places through deposi
tion from higher residual lands; and ( 4) aeolian, or winp 

· deposited soils, appearing in a few places as sand dunes 
· and other formations. 

In the upper valleys lands suitable to agricultural de
,·elopment are largely composed of alluvial soils and are 
confined to the bottom lands, terraces, and valley fills. 
These soils are high in organic matter and are inherently 
fertile. They are generally of sandy loam to loam in tex
ture. Uost of these soils have good natural drainage 
provided by light textured soil over gravelly subsoil and a 
moderate slope. With the exception of small localized 
areas the soils in the upper valleys are free from harmful 
accumulations of alkali. The depth of the soil and the 
amount of rock on the surface usually determine the suit
ability of the lands for agriculture. 

Mesas, plateaus, ba~in-like depressions caused through 
erosion, and narrow valleys along the various streams 
characterize the lower sections of the upper basin. The 
broader valleys and depressions that have been covered 
with alluvial soils are more suitable for cultivation where 
soil is of sufficient depth. \'ast areas of residual soils are 
too shallow or too alkaline for agricultural development 
Extensive drainage is often necessary in the lower vaiiC)'S 

where irrigation is practiced. 
Wind formed soils are not extensive. Some are found 

in small areas south of the San Juan River along the 
northeastern sides of ridges or other topographic uplifts 
which break the winds and harbor the deposited materials. 
The largest area of arable aeolian soil is east of Chaco 
River on the high benches south of Farmington; New 
Mexico. 

AGRICULTl'RE 

Types of farming.-All farms are classified by the Bu
reau of Census into types according to the major source of 
income. In the upper basin livestock farms predominate. 

TABLE VII.-Typrs of farms in upper basin (1939) 

Typell of rartn• &<'Mr<ling tn OJAjor ..,.. ..... of ineomo 
(p.r«'nl or rotal nurubcr ol fllrwsl 

Ll~~ek I Field Othl'l' I ';;';'."JN~·I Total 

-"--~-·o-m-in_g ___ -_-__ -_-__ -_-_-__ ·l-::r,_·~-:-~-· ~ ~~ ~~I :~ 
Colorado .. -----~---- 3!}.8~~ ~i~. 1.1 39.9 100 
l'tah________________ 27.9 21.0 5.5 45.6 100 l\ew :\le:tico ________ _ 

t:pper basin .. ------- 37.6 26.9 6. 9 28.6 100 
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In 1939, livestock and livestock products accounted for 
7 5 percent of the total value of the products solq and 
traded in the upper basin. Livestock· alone amounted 
to 55 percent and wool to 10 percent of the total. Com
pared with the Nation as a whole the upper basin farm 

' income from animals and wool was greater, while in
come from'dairy products, poultry, poultry products, and 
crops was less. A considerable part of the crop income , 
was from the sale of feed to local livestock men for winter 
feed of breeding stock. 

TABLE VIII.-Value of farm products sold or traded in 
upper basin ( 1939) 

Percent ol !'>tal value of farm products 

State area 
Dairy I Poultry o\A.t'h0e0r1 t~~! 

!;~~~ products and J<>Ultry >tock Jlrod- Crops Total 
products ucts 

W.vomiug .•••. 66 5 1 ?" 3 100 .a 
( 'olorado .... _. _ 53 6 2 8 31 100 
Ftah ... ------ 53 9 5 17 16 100 
:XE'w Mexico ___ 40 3 2 15 40 100 

"G ppcr ba.~in ••. 55 6 3 11 25 100 

Uuited States •• 26. 6 16. 8 8.4 1.6 46.6 100 

In the Wyoming portion of the basin only 3 percent of 
the income was from crops while in the New :Mexico area 
40 percent was from crops. 

The farms of the upper basin produce primarily meat, 
hides, and wool, supplies of which are inadequate to meet 
the Nation's needs. 

The livestock industry in the upper basin is based upon 
vast areas of grazing land unsuited to more intensive agri
cult~Ire. Much of this land belongs to the Federal Gov
ernment and is in either forest reserves or grazing districts. 
The rest is privately owned or belongs to the States. By . 
reason of differences in elevation and climate some of 
these lands can be grazed only during liummer months and 
others only during the winter, spring, and fall. By mov
ing livestock with the changing seasons of the year, some
times long di:;tances, some animals are grazed the year 
around. This i<~ particularly true of sheep. The carry
ing capacity of range lands varies. The summer grazing 
lands normally carry more stock per acre than do the 
11pring, fall, and winter lanJs. Because of this and the 
neccs.~ity of providing supplemental fCl'U from crop lands 
to l'arry stock O\'er extremely sewre witHer periods and 
abnom1ally dry summer periods, the usc of crop and range 
lands is interrelated. ~laximum use of grazing lands is 
not po~~ibll~ without forage from crop lands, and much 
of the crop lands would have little \'alue exn·pt in ron
junctioii with the use of grazing lands. 

Range lands of the basin have been stocked at the 
maximum for a long time and in local areas damage has 
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resulted from over grazing. Much of the damage reswted 
from a lack of sufficient forage from irrigated crop lands 
~o balance natural range production. Although corn and 
bther concentrated feeds are shipped into the basin each 
,'winter to carry sheep through severe storms and other 

lj critical periods, these imports do not eliminate the need for 
' local forage from irrigated crop lands for cattle. 

An increase in the production of farm produced forage 
would avoid damage to range lands by over grazing and 
by keeping livestock off grazing land until vegetation has 
a good start in the spring; enable livestock men to feed 
breeding stock through drought periods without losses, 
and thus avoid liquidation of breeding stock because of 
inadequate local feed supplies; and permit, in many cases, 
more liberal feeding of breeding stock and calves to in
crease the calf and lamb crops and reduce losses from 
death. 

Livestock.--With such a large proportion of the upper 
basin lands usable only for grazing livestock, range live
stock pro.duction has become the dominant industry. Al
though the number of farms has continued to increase in 
the area, the grazing resources were fully utilized prior to 
1910. Since that time the total number of cattle and 
sheep has remained about the same, increasing and de
creasing slightly as a result of livestock cycles and climatic 
conditions. The number of dairy cows, however, has in
creased proportionately with the number of farms. Many 
of the cows classified as dairy cows are of beef breeding 
and hence the average milk production per cow is low. 
Trends in the number of cattle and sheep in the upper 
basin for the period 1890-1940 are shown on an accom
panying chart (fig. 3). 

Compared with the average farm in the United States 
in 1940 the average farm in the upper basin had about 
12 times as many sheep, and 2.5 times as many cattle, but 
fewer dairy cows, swine, and chickens. While livestock 
production is the dominant enterprise not all livestock 
fam1s are operated on a large scale. In the Utah area , 
most of the cattle operations are small, but in Wyoming 
cattle ranches are generally large. 

TABLE IX.-Livestock in upper basin (1939) 

A wra~r nutul><•r of liwswck ll<'f farm 

' I I ' n n~tr)' Othrr I ~I I ~ ,' ('I. 
onit'l' f'OWS CUI dt• " \\'\'P ~..,\\ Ul<' llCkf'llS 

~·yo=~~~~~~~;.~~~~H0.6 -1.5--35.5 
Colora<lo ___ .... 4. 7 3. 2 22. 0 53. 1 3. 2 3.'i. 7 
l'tnh .....••.. 4.0 3.6 15.0 !-lt\.7 3.4 32.9 
!\t•\1' :\ll'Xi<'O.... 3. 5 . 8 3. ll I 55. 2 I. 0 12. 4 

l"pJwrHn,sin .••• 4.8 3. t 121.2 i!l.O 2.9 32.4 

I I I 
t'uih>tl Stnl!·~--. 3. 2·1 8. 9 I ll. 0 j ll. 61 5. 6 55. 4 

The livcstol·k enterprise in the basin is largely restricted 
to the production of keder cattle, feeder lambs, and sheep 
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and wool. :Most of the animals are sent to the Com 
Belt, where they are finished for market. Livestock oper
ations in the basin thus complement those of the Middle 
West. A few grass-fattened cattle, Iambs, and sheep are 
shipped directly to slaughter markets. Except in favor
able years, however, forage is inadequate to fatten more 
than a small proportion of the animals. 

Crops and )'ields.-Of the total cropped acreage har
vested in the upper basin in 1939 about 83 percent was 
irrigated and 17 percent was dry-farmed. Most of the 
dry-farmed crops were produced in Colorado and con
sisted mainly of wheat and dry beans. 

The land harvested totaled only 1 ,073,130 acres. Al
falfa hay, the most important crop, amounted to 28 
percent and all hay 64 percent of the total. Other crops, 
including corn, oats, barley, and some wheat, raised the 
total amount of the harvested land used for feed crops to 
more than 80 percent. Row crops grown for cash income 
included potatoes, sugar beets, and dry beans. The beans 
arc grm\n largely on dry land in the San Juan River area 
and make up a considerable part of the cash cr0p acre
age. The Grand Junction area and other smaller areas 
of Colorado are important fruit producing areas. 

Compared with most irrigated areas and with many 
nonirrigated regions, the a\'erage yields per acre of many 
crops in this basin are low. This is due partly to the 
fact that much of the land has an inadequate irrigation 
supply and precipitation is insufficient .for satisfactory 
yields without irrigation. The growing season is short 
for most crops. Often two cuttings of hay per season 
and sometimes only one are obtained. Some lands with 
soils too poor to produce high yields are now being 
tultivated. 

TABLE X.-Yirldj of major crops in upprr basin (1939) 

1--To-n..-. ijA..-era~~ )'it·ltl fl<'~=~ls 
All lla ~~ Wll•l l>r\·lflnrt ,, Jrrlj:at.-d B!ll'lt•v. 

~ bay wh.ul ,. 4.-.1 

--------------
Wyorniug. ___________ 1.21 0.9 11.61

1 

20.0 2S.5 
Colorado............ 1. 81 I. 1 12.7 22.2 21\,0 
PralL .•. ·-·-·--··--· 1. r, 1. 2 17.1 25.6 32.6 
~('w~f,xico ••••••••. 

1 
2.8

1 

.7 10.6 :;o.o 13.!1 

t'ppt•r ba.•in ...••.•••• l l. 7 i I. 0 I 13.1 I 25. 1 ( 2S. 0 

/\'umber of farrns.-By EHO range lands of the upper 
hasin were bt-ing fully utilized and irrigation had been 
develop('d so far as po.'i..~ihle by pri\'ate entcrpril'e, yet since 
then the numht·r of farms has continued to increase 
(fig. 4). The rate llf inrn.:ao;(', howt'ver, b.t.s slo\\ rd down 
matcri;,Jiy. i\'<·w fam1 units have providt'd only for the 
J~<ttural incrc:L"C c,f lo<·al popul.ttit•IIS and not for new 
l!t'ttlers mo\ ing into the area. R<·rently many new farms 
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have been established in areas where the acreage and other 
resources per farm are smallest, forcing in some instances a 
change to a more intensive type of farming. With graz~ 
ing privileges on public lands fully utilized, new farmers 
in most cases have had· to follow a type of farming for 
which the area is not well adapted. Especially is this true 
in areas of high elevation and where the irrigation water 
supply is uncertain and inadequate. This has also re~ 

suited in a large number of part-time farms in localities 
with little opportunity for supplemental work away from 
the farm. 

TABLE XI.-Number of farms in the upper basin (1939) 

Year 
State ar<os 

lk.'ll I JIIW 1920 IY40 

Wyoming .. _ .. -- .. ~-- 90 556 885 966 
Colorado ........ 230 5, 699 13, 024 12,668 
!'1ah ................. 122 I, 759 3, 969 4, 660 
~t·w :\Iexiro ....... 492 874 2, 383 

l:wcr Basin ..... .. 4421 8, 506 18, 752 20,677 

Si::;e of farms.-Although the number of farms has been 
increasing without a corre.sponding increase in available 
farm land, census reports pa,radoxically show the size of 
the average farm in the upper basin to be increasing also 
(fig. 5 ). The apparent but largely unreal expansion of 
the farm area has resulted in part from the transfer of 
public grazing land into private ownen;hip. The ayerage 
size of farms in the ba~in is relatively large as would be 
expected from the type of farming practiced, but there 
are abo some small farms. According to the 1940 census, 
'2i percent of all farms cons:sted of less than 50 acres. 
\\'ith some types of farming, 50 acr~ would constitute a 
large fann but in this basin 50 acres are entirely inade
quate except in a few localities such as those where fruits 
and vegetab!..s are grown successfully. There were 1,304 
farms of less than 10 acres, nearly all operated, no doubt, 
on a part-time basis. Farms are largest in the Wyoming 

• portion of the basin where stock raising is dominant and 
smallest in Utah, where a high population pressure results. 
from a birth rate near the highest in the Nation. 

TABLE XII.-Si:n of farms i11 uppa basil! ( 1939) 

I P<'f!'\'l~l numl•·r o! ~ums in.':_~'~ •i"' ~u~pj< _ . 

I t •• ,. '! ' i i ...... i I ; ....... : 
·LhM:IO r;• .19 ;hlO l:'o,!!(l .) :Nl ~ mort• I Tollll 

I 
tl(1'\•S I Ul'rt'S I 8 •JI'!'I ' tll'ft\S ,. I 

a~-rt-s "' I ~ · 1 "' af•ft>:' 

-------l--------~--i--1--:--
s. sl fi. 1! lil. ~~ ti. o: 11. 9· n g:, wtl o 

?~.lj Iii.~! IS.3; lli.~, 9.~. 12.2 100.0 
2'\ 3 19 ... i 21. 4. H. b 6. h: 9. 9. 101:1. 0 

\\'yominl( ..... 
Colorado .. 
l'ta!J.____ -· --
~ tw :.lcxiro .. _ .. 

t'pprr ha~iu ...... 

26. 9; 9. "i 9. !)i 14. 2j ll 9j 2tl. i. 100. 0 

27. 1! 15. 2 17. 9: 15.6 9. S! 14. 4! 100.0 
I ! I I I I 
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PEACH ORCHARD NEAR GRAND JUNCTION, COLO: . 
Grand Valley is an important fruit-pr;ducing area 

l 
TOMATOES FROM GRAND VALLEY PROJECT 

Additional irrigation cL'ill make possible more l11tensivtr agricultur6 

i 
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UPPER COLORADO RivER EA5JN 
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FIGl'RE 3.-Tret~ds in animal units, 1890-rl40. 
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The 27 percent of farms with less than 50 acres per 
farm contained but 1.1 percent of the total land area 
and harvested but 5.9 percent of the cropped acres in the 
upper basin. At the other extreme 14 percent of the 
farms had 75 percent of the total land and 36 percent of 
the harvested acres. Farmers of small tracts do not have 
enough land to make a living from livestock and in most 
in~tances water is insufficient to enlarge and intensify 
their fam1ing operations. The small farmers in th:~ area 
would benefit greatly from irrigation development. More 
intense farming through irrigation would develop small 
economic farm units. 

TABLE XIII.-Farm land available in upper basin (1939) 

i 

I 
Tn>e ol farm land 8\'llilahl< (average number of acres. 

per farm) 

! lm~ted !' Total I Irri- A lla~r~ 
1 cror land cr.JII ~ted ('i!"ctU:g cultural 
1 barvl'Sl< d laud land n land 1 

----------J--1--------
\\yominf;! ....... _ J 181 1 194 276 10, 204 10, 398 
":olorado __________ 

1

, 431 65 53 1, 551 1, 616 
l_rah.......... .... . 30 1 45 44 3, 4ti9 3, 514 
l\ew::\leJuco ....... l 11119 11 1,315 1,334 

t"pperba,in ....... f 43 52 57 2,360 2,412 

' Inrludt'S public land uS<'d for grazing. 

Value of farm property.-The average value per farm 
in the upper basin as reported in the 1940 United States 
census was $7,805. This was about $1,000 more than 
the a'erage for all farms in the United States. As com
pared with the average of all farms in the Nation the aver
age ba<in farm has a little more invested in land, has less 
in buildings, and more than twice as much in livestock. 
Many of the livestock operators in the upper basin use 
land belonging to the Federal or State Governments in 
which they ha\'e litt~e or no investment (fig. 4). 

:r ABLE XlV.-Value of farm property in upper basin (1939) 

Average value per farm 

Stnte area I I llmplrmentsl 
Land Buildings Livestock and Total 

1 

1

!Dllchinerr 

Wyoming .. ____ ~$11, 142 
I 

$2,01:-1 $7, 778 $8!l8 $21, 832 
Colorado._.___ 4, 777 l, 3U6 l, 712 626 8, 481 
t·tah__ _____ .• _ 2, 7.'\9 720 1, 618 360 5, 457 
:-;ew :\[exico... 1, 809 509 593 208 3,120 

rpfl"r i.Ja.,in ___ 4, 278 1, 152 1, 8~6 530 7, 805 

r nited States .• 3, 811 1, 7071 747 502 6, 767 

The average farm valuation in Wyoming is much higher 
than in other States because practically all of the farms in 
the Wyoming area of the Colorado River Basin are spe· 
cialized livestock ranches involving large acreages. In the -
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other States there are more crop farms and many live
stock farms that are too small for efficient operation .. 

Farm income.-The total value of agricultural prod
ucts sold or traded in the upper basin in 1939 amounted to 
$40,000,000 according to the 1940 United States census. 
Livestock and livestock products accounted for three
f,mrths of this amount (fig. 8). 

~ .. 
TABLE XV.-Average income from farms in upper basin 

(1939) . 

State area 

. . 

I I 

income p.r acre of bar-

lnrome ~~~~~i~ vested. land . 
per farm offarw --~i ---

population Total farm Crop , 
ina1me income 

~~;~~~L====:::: ::::: $4, 392 $().)4 :t:23. 80 $0. 72 
1, 6()() 360 30. 71 9. 60 

l7 ta.h------------------ 1, 127 264 34. 56 5. 43 
Xew l\Iexico ____________ 555 107 37.64 15. 17 

l'pper basin ____________ 1, 564 335 30.13 7. 65 

Vnited States ___________ 1, 089 217 20. 68 9. 63 

These statistics of farm income strikingly show the im
portance of· the livestock industry in this region. The 
income per farm and per capita population is about 50 
percent higher than the average for the entire United 
States. This is because livestock operations are con
ducted in large-scale units for greater efficiency, and the 
farm labor requirement is low. The total farm income 
per acre of crop land harvested was also higher than the 
a\·erage of the Nation, but the crop land income per acre 
was lower because of the relatively large acreage of live
stock and grazing lands. Wyoming, where livestock 
raising is of greatest relative importance in the upper 
basin, is in marked contrast with New Mexico where farm
ers are dependent to a larger extent upon crops. 

Farm tenancy.-The upper basin in common with all 
of the Mountain States has relatively few tenant-operated 
farms (fig. 8). In 1940 there was slightly more than 
half as many tenant-operated farms in the upper basin as 
in the United States as a whole, mainly because livestock 
farming is not well adapted to a tenancy. The economic 
age of the upper basin also may be a contributing factor. 
The risks to the livestock farm owner are too great with 
tenancy. Most of the tenancy that does exist is in the 
nonlivestock types of farming. 

Part-owner-operated farms are more common in this 
area than in the country as a whole. This has resulted 
from the frequent ownership by inheritance, homestead
ing, or unwise purchase of tracts too small for an economic 
unit. Because these cannot be economically operated 
independently they are often leased to livestock men to 
supplement their own holdings. 
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MINERALS AND MINING 
1 

The most extensive and commercially most important 
mineral resources of the upper basin are coal, oil, and 
natural gas. The upper basin is the leading domestic 

· source of vanadium, uranium, and radium ore, and also 
molybdenum. Zinc, lead, silver, and gold are commer
cially important. Metals of minor interest include copper, 
manganese, bismuth, and antimony. Among the non
metallic or industrial minerals and rocks, gypsum, salt, 
and limestone are abundant and accessible but have not 
been developed extensively. Potash and magnesium de
posits are possible future sources of supply. (See ap
pendix, maps entitled ''Mineral Resources, Colorado 
River Basin.") 

The remoteness of large portions of the upper basin 
from established industrial and transportation centers 
has been responsible for the restricted character of in
dustrial developments based on minerals and has also re
tarded intensive exploration for new mineral deposits. 
The important discoveries of carnotite orcs and carnallite 
made during the war period are indicati\'e of new develop
ments that can be expected with continued intensive ex
ploration.. ~ecent success .in an expanded oil drilling 
program IS highly encouragmg. Some of these mineral 
resources may not he developed to a large extent imme
diately, ?ut. with improved technological processes to
gether ~1th mcreased demands and the depletion of more 
economical sources of supply, the time may not be far 
away when large scale developments will take place in the 
upper basin. 

Mineral fuels ancf other hydrocarbons 

Coal.-The upper basin contains enormous reserves of 
coal, mostly of bituminous and subbituminous grade. Re
serves here are much larger than those in any other section 
of comparabl~ size in the world and amount to approxi
mately one-tlmd of all of the coal deposits in the United 
States and one-sixth of those in the entire world. Some 
of this coal i~ below prrscnt mineaL!e depths, but mine
able reseJws alone are nearly one-fourth of the Nation's 

1 Ballt'd in part on inFormation ~11pplird by G<'ologkal Surv<-y. 
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total deposits. Coal reserves within the upper basin arc 
roughly estimated at 400 billion tons. 

The importance of these vast reserves is enhanced by 
the almost complete absence of any coal deposits in the 
States west of this region. The only exception of any con
sequen.ce is th~ ~oal ~ep~sits of :he State of Washington, 
but this coal IS mfenor m qual1ty and more difficult to 
mine than the coals of the upper basin. Large quantities 
of coal from the upper basin are now shipped west north 

d . ' ' an sometimes east. These coals can be mined more 
cheap!~ than those in most other regions and may provide 
the ba~JS for much of the future industrial development of 
the western part of the United States. 

l\~ine entries abo~e ground level are possible for a large 
portwn o.f the deposits. Thick beds, ranging from 8 feet 
to. a max~u~ of 90 feet and virtually horizontal, can be 
mmed w1th comparative ease. 

Bituminous coals from the upper basin are considered 
the highest quality bituminous coals on the western mar
ket. They arc low in ash and moisture, extremely low in 
sulphur and highly volatile with a high heat value. Larg
est coal mines in the upper ba~;in are in the Rock Springs 
and Kemmerer districts in\ Vyoming, served by the Union 
Pacific Railroad, and near Price, Utah, on the Denver & 
Rio Grande Western Railroad. Most of the coal mined 
in the Colorado area is bituminous but some good grade 
anthracite is mined in Gunnison Countv. 

Coal production in the upper basin i~creased more than 
50 percent in the period 1940-43. Part of the increa_;;e 
was in coking coals Inincd ncar Sunnyside, Utah, for new 
steel plants at Geneva, Utah, and Fontana, Calif. The 
~ew completely .mechanized mine located near Sunny
Side has a capacity to produce 8,000 tons of coking coal 
per day. Other important deposits of coking co~l are 
located near Crested Butte, Durango, and Norwood, Colo. 
Coal in the Willow Creek area, Wyo., was found recently 
to be suitable for blending with other coal in the manu
facture of metallurgical coke. 

The increased coal production to meet war demands is 
indicative of future expansion in the industrv which no 
doubt will be accompanied by additional h~~vy invest
ments in modern mining equipment. As coal is used 
more economically, especially through effective utilization 

TAnLE XVI.-Coal prod1ution i11 upper basin 

-·-------------·-~---·--------·-----l\l:ll_l---1----H~-~O---l---lii-;~;---1-·--H-•~t-l --'---1-\J.I:_P __ 
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1
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COAL .:\IIXE !\EAR SUX~YSIDE, uTAH 
Coking coals are mined here for u ·estern industries 

LL\D-SILYER .:\11:\E 
Pou·er IS supplied from Boulder and Parker Dam 

pou·er plants on Colorado River 

GOLD ~li:\E 
Additional low-cost pou·,-r is nudcd to de< ·elop r·ast 

mineral resourcn 



of the n>btile sul>'tar• c ~ s . satellite industries are expected 
to inrrea~e. 

Pt'lrolnmz and natural ,;as.- Oil and gas ha\·e been 
disconred in ·W widely diqributed 0dds in the upper 
basin. :\[o~t of th t f;dds, huwe\·tr, a re located in nurth
we,.. tcrn Colorado and in an a~ea in ~outhwe;tern Colo
rado and northwestern ~ew :\lexicu. \\'dis now being 
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Other Colorado n ude oil is refined at Craig and Dem'Cr. 
Gas frum both tlH' Baxter Basin field in \\' yoming, one of 
the largest in the world, a nd from the Hia\,·atha field in 
Wyoming and Col0rado is piped to Salt Lake Citv, O gden , 
and other places in l' tah as well as to sc\·eral towns in 
Colorado and so utlm• J~ ern \\'yoming. Oil from wdls in 
the San Juan Ri\'Cr Basin is refined at Farmington and 

CT.\H OIL RUI.:\1:\G CO~IP:\.i\Y 
Oil from Culvr ado anJ ll'yomin:; is f'if><'d to rt•Ji ,z.-ri.-s in Sr.Jt l-ake C ity 

Jrillt-J rwar \'nn;tl, l' t.~h. mav pru\T tn !)(;the bq.~ i1111in~ 
(,f the tir"t 111.1jor oil lidd in l't:d t. l'ro\·eJ n ·-cr\cs ,,f 
p<'trolcum in the uppn f,,,,in \•ne l~timated at -1 3.:200,(i(l l) 
h.lrn·J, ;,s d Ol! .. bn I, l li·U. l'n>dtHtion in Jli l:l n .. -
' <'<'dnl :\ ,:.::>0,1 It if I 1>:1rrl'b of oil a Ill! :.:I billion ntbi,· kt·t ,,f 
.1! : ,~ . f ;l) ;,n,J 70 I'"'' t·nt lt''P' '• ti\l·lv u•min~ fr,t!n nnrth
" ,.,t,·rrt ( :, ,1, •r:lllll. 

Oil fr.,m \\ ' ' "'nin~ ,,,.t(- a n,l frctm ""lis in tlll·lbn~ ·· ly 
t;,·l.t irt <: .. J,.r."l" is pipnl tu rdi :,ni''' :tt s.,lt I..,ke City. 

Bloomfil'IJ, :'\. ~lc:\. :\'at ural gJ.S from this area is piped 
tn Durango, Col<J., anLI Shiprnck. Farmin; ton. Bl,>f'm
fielJ, .\lhuquaque, S.tnt.l Fe. Bdcn, and Bernabllo. 
:'\. :\h·:\. 

Ozl sh al<'.- The upper b;t,in abL) C'Ollt::tin5 the l.H;,L-,.. i 
dqJo~ib, ,foil sluk in the l -nited State~. The resenTs of 
this po tc :tti.tlly it n P''rl ::~ nt mineral fuel aL-count for ap
p roxim.tt elv ~~ 2 pncent pf the 7;, billion ba rn.: l5 of re
ll)\ <' r.tl>le oil in 5h:tlc in the l'nitcd States. which i~ equ ~d 
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to fllur or fn·e times the known rcscrrcs of petroleum in all 
the oil fields of the X:ttion. The extraction of the oil 
from shale will require the establishment of plants near 
thr deposit.>. Whetl1er oil shale or coal or both are 
utili1cd to meet future needs for oil and gasoline, these 
mineral fuels arc of gre:tt potential importance. 

Bituminous sandstone and rare hydrocarbons.-An
other oil-hearing m:tterial of great potential importance 
is bituminous sandstone. At the present time it is being 
used as a road surfacing material. Large deposits are 
worked near \·ernal and Sunnyside, Utah. The Vernal 
dt'posit contains about 2 billion tons averaging between 
8 and 15 percent bitumen by weight, but most of it can 
b .. recovered only by underground mining. The deposit 
ncar Sunnyside is also vc.:ry large; a sample of it averaged 
II prrcent bitumen by weight. 

The only known deposits of gilsinite, claterite, wurtzi
litc, and ozocerite are in the upper basin. In normai 
times the:;e materials are mined from veins and shipped 
to all parts of the world for use in the manufacture of 
roofi11g, insulating materials, and such articles as ink and 
mitch handles. 
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The gilsonite deposits occur mainly in the Vinta 
Basin in Utah. Annual output during the 10-year 
period 1934-43 averaged 35,996 tons valued at $852,636. 
Reserves have been estimated at 25 million tons. The 
annual output of ozocerite and wurtzilite in Utah amounts 
to only a few hundred tons. 

This array of mineral fuels and carbonaceous materials 
is not approached by any region in any other part of the 
world. The extent to which these materials may provide 
the basis for future mining and mineral processing within 
the basin and in contiguous areas carmot be furctold 
definitely, but it is certain that their effect on future in
dustrial development will be important. 

Non ferrous metals 

The upper basin has contributed more than 8,000,000 
ounces of gold, 300,000,000 ounces of silver, 1,000,000 
tons of lead, 500,000 tons of zinc, and 160,000 tons of 
copper to the total mineral production of the Nation. 

The production of these nonferrous metals for typical 
years since 1920 has been as follows: 

TABLE XVII.-Mineral production in upper basin 

1920 

Gold (oz.) _____ .. " -· 102, 350 
:'ilnr (oz.)_ ____ -"- .. "'- 3, 374, 000 
f 'opp~r (tOll>')_" --- -. - ~ 1, 469 
L•·ad (ton~)_ __ -· - - 16,275 
Zinc (tun,) •••••. :_: -... - -- ~. ~ ·-· H,690 

The limited production and reserves of gold, silver, cop
per, lead, and zinc are confined to several small areas, 
mainly in southwestern Colorado. The production of 
these metals will increase in the future, no doubt, with ad
vancement in operational techniques. At present nearly 
all of the metal ores mined in the basin must be shipped 
to outside mills and smelters. 

Gold and silzoer.-A number of districts in the San Juan 
:\Iountains, Colo., have been important sources of gold 
and silver derived from ores relatively ncar the surface, 
hut deeper orcs in the same di:itricts are now contributing 
lrad, zinc, and copper as well as gold and silver. Large 
quantities of gold and silver have also come as byproducts 
of base-metal orcs in the zinc-lead districts. 

Copper.-Coppcr has been mined in substantial quan· 
tity along with zinc and lead at Gilman. Colo., and h:JS 
been a bYproduct of zinc, lead, and precious metal orcs 
cbewherc. Sub~tantial reserves of ore, mostlv of low 
gr:tde, arc present in sandstone in the Coloradd Plateau, 
hut only small quantities of hi~h-grade ore have been 
~l.ipped. 

line and lead.-Deposits of zinc and lead in the upper 

1925 1\130 1935 IIIlO 11112 

91,950 55, 370 61, 920 93. 620 53, 000 
2, 501, 000 2, 951, 000 3, 762, 000 8, 361, 000 l, 70ti, 000 

1, 052 4, 475 7, 1G5 11, 72-! ~65 
22,393 13,742 2, 73-! 8, 410 9. 941 
26, 157 24, 726 272 4, 520 27, S3~ 

basin are practically confined to western Colorado. The 
leading district is at Red Cliff and Gilman in Eagle 
County, from which 1 iO,OOO tons of zinc and 66,000 tons 
of lead, together with some silver and gold, have been 
mined. Its resen·es of zinc are estimated to be about 
525,000 tons and tho~ of lead I 05,000 tons. 

Other districts that have contributed substantial quan
tities of zinc and lead are the Breckenridge and Kokomo 
districts in Sununit County, Aspen district in Pitkin 
County Rico district in Dolores Countv, Telluride dis
trict in

1 

San Miguel County, closely sp~ced districts in 
Ouray County, and the Eureka district in San Juan 
County. 

Ferro-alloy metal.(. 

Molybdenum.-The Climax molvbdenum district, the 
largcst.single metal-mining operati01.1 in Colorado and the 
largest molybdenum district in the world, is situated close 
to the Continental Divide in northeastern Lake County, 
Colo. ~fining there began in 1918, and from thl'n until 
1943 the total output has amounted to 268,618,190 
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pounds of metallic molybdenum contained in concen
trates. The quantity of ore mined daily during 1942 and 
1943 ranged from 15,000 to 20,000 tons. 

Molybdenum-tungsten deposits in the Gold Hill dis
trict, Gunnison County, Colo., first became productive 
during World War I, wlien a few hundred tons of ore 
containing 4.5 percent of molybdenum sulphide and 100 
tons of ore containing 11 percent tungstic oxide were 
mined. They have been worked for tungsten during 
World War II. Reserves include 60,000 tons of relatively 
high-grade molybdenum ore and from 100,000 to 200,000 
tons of ore containing not more than 0.5 percent molyb
denum sulphide. No estimate of tungsten reserves has 
been made. 

Vanadium, uranium, and radium.-Deposits of vana
dium-bearing sandstone are widely distributed in western 
Colorado and eastern Utah, and are also present in north
ern Arizona and New Mexico, but output thus far has 
come principally from those in Colorado and Utah, which 
constitute the leading domestic source of vanadium, ura
nium, and radium. Vanadium from Paradox Valley in 
Colorado and Utah was a source of bombastic uranium, 
used in the manufacture of the atomic bomb. Deposits 
near Placerville, Colo., were discovered in 1899. From 
1911 to 1923 the ores of the region were intensively mined 
for their radium and uranium, but from 1915 to 1923 
some vanadium was produced as a byproduct. Mining 
practically ceased in 1923 when pitchblende from the Bel
gian Congo began to supply radium. Since 1937 the ores 
have been mined for vanadium. From 1909 to 1943 the 
output amounted to 23,000,000 pounds of elemental va
nadium contained in mill products. From 1907 to 1920 
about 202 grains of radium were recovered, equivalent to 
about 1,000 tons of uranium oxide. , 

Reserves of inferred ore total many million tons, but 
because of spotty distribution and high cost of develop
ment only a small fraction of these reserves could be con
sidered commercially available under conditions prevail
ing in 1943. The indicated and measurable reserves do 
not exceed 500,000 tons of ore. The region, however, 
should continue to be an important source of vanadium, 
and contains the largest domestic reserves of uranium and 
vanadium. 

Mm1.~anese.-Aithough small bodies of manganese ore 
arc widely ,dL~tributed throughout much of the upper 
basin, particularly in Utah, they do not constitute an im
portant rcsourre. A manganese ore body, estimated .1t 
over 4 million tons and containing 16.8 percent manga
nese and 11.3 percent iron is located on the northern sltlpe 
of the Uinta Mountains in Utah. I:stimatcd rc.,cr\'es in
clude ahout 15,000 tons of 30-perct·nt ore, only a part of 
whkh can be profitably minrd even at wartime prices; 
about 100,000 tons of 10- to 30-perrcnt ore, and about 
350,000 tons of 4- to 10-pm·ent ore. Sinre 19lil, wht•n 
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the first shipment was made, about 12,000 tons of ore con
taining 40 to 45 percent manganese have been shipped. 

Tungsten.-Tungsten deposits in the upper basin oc
cur only in western Colorado and are of very little com
mercial interest. Output has been extremely small, even 
when wartime prices prevailed. Estimated reserves are 
as fullows: 

Indicated ore 
County, Colorado 

Tons l:nits' Tnns Units' 

---------1-------------
Gunnison______________ 1, 000 2, 400 
Ouray ________________________________ _ 
San Juan _______ . __ • _. _ 100 400 
San MigueL ... _. ___________ . _. _____ . __ 
Summit________________ 150 9.50 

1, 900 
500 
800 
2.'i0 
17.5 

3, 850 
7.')0 

1, 6.~0 
500 
900 

1, 250 3, 750 3, 625 7, 550 

I A unit amounts to 20 pounds of tungstic oxide (WOa). 

Minor metals 

Antimony,_:_Antimony is present in small deposits in 
Dolores, Gunnison, Ouray, Pitkin, San Juan, and San 
l\figuel Counties, Colorado, but not in commercial quan
tities as an ore of antimony. Lead-antimony deposits 
have been mined but owing to the penalty for high anti
mony content in lead ore, these ores are generally avoided. 
Many of the complex base- and precious-metal ores in 
the SanJuan region contain some antimony, part of which 
is recovered as a smelter or refinery byproduct. 

Bismuth.-Bismuth is also found in many districts in 
western Colorado, but not in commercial deposits of bis
muth ore. Part of it is recovered in the smelting and 
refining of base- and precious-metal ores. 

Nonn~etallic (industrial) minerals 

Though there is almost no industrial utilization of i.n
dul>trial mineral~ in the basin, there are potential resources 
that arc either known to be large or, if adequately ex
plored, may prove to be large. These include phosphate, 
potash, and sodium carbonate deposits in Wyoming, salt 
anu associated potash deposits in southeastern Utah, and 
salt and ~"lSociated gypsum in southwestern Colorado. 
Limestone and dolomitt" are present at se,·cral places in 
Colorado, Wyoming, and northwestern New l\Iexico. 
Deposits of helium and carbon dioxide gases also occur 
in the upper basin. 

PhosfJ/wle rock.-Only a relath·cly small portion of the 
great western field of pho~phate rock is in the upper 
basin. It orrurs in the Salt River and Wyoming ranges 
and around the flanks of the Uinta l\lountains in Utah. 
The beds in Wyoming are mainly thin and comparati\'ely 
inarce:;.~ible but of moderatdy high grade. Tho..~e in 
Utah are generally of low grade and \'ary greatly in thick-
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nes.~. The nearness of large hydroelectric power sites, 
however, and the possibility of mining the rock by open 
pit methods may lead to extensive development of this 
rock as a fertilizer. Estimated reserves of phosphate rock 
amount to l,Gl6,QOO,OOO long tons averaging 40 to 50 
percent calcium phosphate. 

Putash.-Large deposits of leucite, a mineral contain
ing potash. and alumina, in the Green River Basin in 
Wyoming may eventually prove to be a feasible source of 
pota~h. The possibility of its development would be 
greatly enhanced by the production of fertilizer materials, 
especially phosphatel', in nearby areas. Reserves of pot
ash ro' k in this area amount to 1,900,000,000 tons which 
contain an estimated 190,000,000 tons of potash. Re
serves of pota.~h and magnesium salts in southeastern Utah 
occur at a depth of 3,000 feet and cannot be estimated 
from available data, but the known deposits are suffi
ciently widespread and of sufficiently high grade to be · 
regarded as an important potential resource. 

Recent exploration near Thompson, Utah, has proved 
the presence of extensive deposits of carnallite, a chemical 
combination of potassium chloride and magnesium chlo
ride, and of other potash-bearing minerals. Further 
development may lead to the utilization of these minerals 
for the production of potash separately or as a joint or 
byproduct with magnesium. Had these explorations for 
carnallite been made at an earlier date, they probably 
would have led to the construction of a processing plant 
to supply in part the war needs for metallic magnesium. 
These western resources present one of the most favorable 
raw material basis for a concentrated mixed fertilizer in
dustry in the world. 

The availability of large supplies of cheap electricity 
would be an important factor in promoting the utilization 
of these abundant fertilizer minerals. 

Salt.-The exploration for carnallite also revealed the 
presence of much larger beds of sodium chloride. Wells 
drilled in widely sparated areas in southeastern Utah have 
cut through beds of common salt 2,000 feet or more in 
tl1ickness. Possibilities of future production of iodine and 
other important substances are also indicated. Salt de
posits in Paradox Basin, Colorado, amount to billions of 
tons, but they are nearly all at depths of more than 1,000 
feet. Salt is being mined only at Bedrock, Montrose 
County, Colorado, for use in the production of vanadium. 
Estimates of poo;ible reserves of sodium carbonate (trona) 
in Sweetwater County, Wyoming, range from 158,000,-
000 to 7,000,000,000 tons. Brine containing sodium 
carbonate has served intennittently as the raw material 
for production of a small amount of sal soda. 

Gypsum-Gypsum orcs outcrop along the west flank of 
the San Rafael Swell in east-central Utah. Reserves in 
this section are estimated at 9,701,600,000 tons. The 
tonnage of large reserve!\ in western Colorado has not been 
estimated. Gypsum reserves constitute a large source of 
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supply for future use when market conditions are favor
able for their development. 

H elium.-Helium is produced from natural gas in the 
Rattlesnake field, New Mexico, and is known to occur 
with natural gas in theW oodside and Harley Dome fields, 
Utah. Figures of output and reserves are not available. 

<;arbon Dioxide.-Carbon dioxide gas, obtained from 
the Farnham anticline, is manufactured into liquid and 
solid carbon dioxide at Wellington, lJtal1. The output 
in 1943 amounted to 160,9i2,000 cubic feeL 

Building Stones.-The only building or monumental 
stone worthy of note in the upper basin is Colorado Yule 
marble, a product of high quality quarried intermittently 
at Marble, Gunnison County, Colo. The high cost of 
quarrying and the long distance from the large markets 
have been obstacles in the development of this industry. 
Crushed stone is produced for local use at several places, 
and limestone has been burned into lime at scattered 
places. Only one lime plant, at Glenwood Springs, 
Colo., was operated in 1943. 

Other industrial minerals.-Other industrial minerals 
in the basin include sulphur in Emery County, Utah; py
rite in large quantities in several mining districts; analcite 
(a zeolite), of possible usefulness in water-softening, in 
eastern Uintah County, Utah, and adjacent parts of Colo
rado; pumice, used locally at Durango, Colo.; amorphous 
graphite, derived through the intense alteration of coal, 
near Pitkin, Gunnison County, Colo.; vermiculite, which 
has been exploited in a small way in Gunnison County, 
Colo.; and fluorspar, which occurs as a gangue mineral 
in certain metalliferous veins, and has been shipped from 
the Barstow mine in Ouray County, Colo. Past ship
ments of fluorspar slightly exceed 10,000 tons; known 
reserves are negligible, but a total of 10,000 tons is in
ferred for the two or three deposits that haye any com
mercial promise. 

• 

LUMBERING 

The high mountain areas of the upper basin support 
extensive stands of timber, much of which is suitable for 
various building and industrial uses. Timber stands are 
quite widely distributed over the basin but are most heav
ily concentrated in western Colorado. In 1939 saw and 
planing mills gave employment to 560 workers. With 
two exceptions these mills are small and supply only a 
limited local trade. 1\fuch lumber is shipped in from 
mills outside the basin that are better equipped to procel'S 
the lumber in the forms required for a variety of uses. 
Because of the inaccessibility and the scattered nature of 
timber stands, lumber from this area cannot compete at 
present on National markets, but as other timber rel'\en'es 
are depleted and local needs increase the timber resources 
of this region no doubt will be utilized more fully and will 
support important lumbering industries. 
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MANUFACTURING 

The processing of agricultural products on a small 
scale is practically the only manufacturing in the upper 
basin. At present there are three factories that process 
fruits and vegetables and two beet sugar factories. Ill 
several main farming areas small grain mills produce flour 
and other grain products, largely for local use. A few 
small creameries and cheese plants also operate in the 
area. Only a small portion of the ore mined receives pre
liminary milling before it is shipped outside the basin. 
The remoteness of the area, the newness of its economy, 
and the widely scattered production of the small quantity 
of raw materials suitable for processing have all tended to 
restrict manufacturing in the basin. 

TABLE XVIII.-Manufacturing census data-ujJper basin 

Number of VaiU(• or raw Value of Valu• add~d 
oruploYK1S materiRis 

JlfO(•p,qSj>d by vrorossing 
en~•ged JJrotlucts 

·---
l!llL ....... 3, 319 $9, 977, 0001 $17, 369, 0001$7, 302, 000 1929 _________ 2. I-!4T ?· 523, 000

1 

28. 230, ooo s. 707. ooo 
103\L ••••.•• 2, 02n o, 584, ooo 14, 311, oooj 4, 727, ooo 

The limited amount of manufacturing in the upper 
basin is indicative of undeveloped nature of the economy 
of the region. Practically all of the fabricating industries 
that are established process products produced in the 
basin. The reason may be· partly that Denver and Salt 
Lake City are both close and provide large portions of the 
manufactured commodities consumed in the region. 

TRANSPORTATION AND :MARKETS 

Low-cost transportation is vital to the economy of the 
upper basin because of its scattered population, rxpansive 
area, and long distance from eastern centers of produc
tion and consumption. Residents of the region pay 
freight on manufactured articles which arc shipped in. 
They also indirertly absorb freight charges on shipments 
of their raw materials to outside markets bccau~e thry must 
11ell their products at dcli\'rred prices in competition with 
producers closrr to market crntrrs. 

The main ea~t-wr~t line:.; of the Union Pacific and the 
Denver and Rio Grande Western Railroads CTO!i$ the ern· 
tral part of the upper basin. The few important trading 
a~d shipping n·ntrrs in tht' GrtTn River llasin limit con
venient outkts for nops and livr:-tork. The Uniun Pa
cific Railroad extend~ through the soutlwrn part of Wyo
ming. The Dcnnr and Rio Grande \\'c.·ilt'rn Railroad 
has shippin~ points at Prire and Green River, titah, anJ 
at various plan's aloiH~ the Colorado, Gunni~on, and Un
compahgre Ri\'<'I'S in Colorado. A narruw·g:mgc branch 
of 1 he Denver nnd Rio Gr-;tndc \\'estern romwcts with 
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the standard-gage line at Alamosa, Colo., and extends 
west to Durango, Colo., and thence south to Farmington, 
N. Mex. Another narrow-gage line of the Rio Grande 
Southern Railroad connects D~rango and Mancos with 
.Montrose, Colo., to the north. The Denver and Salt 
Lake Railroad enters the upper basin from the east but 
terminates at Craig, Colo. 

Pinedale, Wyo., in the extreme north of the upper basin 
must transport its livestock and crops 102 miles to the 
nearest railroad point at Rock Springs. Closest rail cen
ters to Vernal, Utah, are Helper, Utah ( 105 miles), and 
Craig, Colo. ( 123 miles). Other important area-; in 
southern and eastern Utah and in the Dolores River Basin 
in Colorado are many miles from rail connections. · 

United States highways 6, 30, 40, 50, and 160 also 
extend east and west across the basin. North-south high
ways are fewer but U. S. Nos. 187 and 189 serve the 
Wyoming portion of the basin and Nos. 160 and 550 
extend from Crescent Junction, Utah, and Grand Junc
tion, Colo., respectively into the San Juan River Basin. 
:Many Federal, State, and local highways are intercon
nected. Good roads have fostered the trucking system 
that serves the area. All but the remote and mountain
ous areas can be reached by all-weather roads. A few 
unimproved roads traverse parts of the area, but much of 
the barren and badland regions is inaccessible by the road. 

High transportation costs have restricted development 
in tl1e upper basin. The Bank of Vernal, Utah, is con
structed of brick sent from Salt Lake City by parcel post. 
It was erected in 1919 when freight was $2.50 a hun
dred pounds and parcel post only $1.05. 

The urban population within the upper basin provides 
a local market for whole milk, fruits, and vegetables, but 
considerable quantities of potatoes, vegetables, fruits, and 
processed foods are imported. Large quantities of grain 
and other livestock feeds also are imported normally. 
Only high-value-per-pound products can be exported 
profitably. These include li\'estock, wool, butter, cheese, 
eggs, poultry, seeds, \rgetabks, fruit, and honey. Live
stock are sent to Dem·cr, Kansas City, Omaha, Salt Lake 
City, and Ogdrn, and wool is shipped to Boston. 

~lost minerals are shipped in raw ore form out of the 
basin for rdining, although in recent years some milling 
and reducing of f1res ha\·e brcn done near the mines be
fore shipment. Main on: markets are Le:1dville, Colo., 
!\Iidvale ami Tnode, Utah, Amarillo, Tex., and Coffey· 
, ille, Kan. Coal is shipped to eastern Colorado, central 
Utah, and ~outhm1 Idaho for domestic and industri.tl pur
poses and to Dcn\'er and Pueblo, Colo., Pro\'o, Ut:1h. and 
Fontana, Calif.. for u~e in iron ore reduction. 

In general the Wyoming and Utah portion of the 
upprr ba~in is a part of the Salt Lake City-Ogden trade 
area and the Colorado and New ~lexico portion is con
nectrd with the Denver trade area. 
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TABLE XIX.-Value of trade in upper basin (1939) 

rlivision 

RECREATJO:>I 

Who)('Sllle 

~29,6118, 000 
31, o~o. ooo 
I.\ 000. 000 
75,708,000 

The upper basin with its lofty snow-capped mountains, 
clear trout-stocked streams and lakes, beautiful forests and 
cool but sunny weather in the mountain country attracts 
vacationkt.> from ail pars of the Nation. In the San 
Juan Basin is the world's largest natural bridge, brilliantly 
colored rock formations, some of the best preserved In
dian ruins and cliff dwellings, and "Four Comers," the 
only point in the United States where four States join. 
The largest and most complete deposits of dinosaur fos
sils yet discovered have been unearthed near Vernal, Utah. 

Bryce Canyon and Mesa Verde National Parks and 
part of Rocky Mountain National Park are within ihe 
upper basin. There are also 13 national monuments, 
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including Yucca House, 1\'avajo, Capital Reef, Arches, 
Natural Bridges, Hovenweep, Canyon de Chelly, Chaco 
Canyon, Aztec Ruins, Rainbow Bridge, Dinosaur, Colo
rado, and Black Canyon. The San Juan wilderness area 
of a quarter million acres has been set aside as a primitive 
prese1ve in the San Juan National Forest along the Con

. tinental Divide. Other primitive preserves have been es-

tablished in different parts of the basin. .i\'ational Parks, 
monuments, and forests are shown on a map entitled, 
"ConserYation Areas and Facilities" included in an ap
pendix of this report. (See Chapter VIII, Kational Park 
Service.) 

Game is in tibundance in most all parts of the upper 
basin. Sportsmen find excellent fishing in mountain 
streams and lakes. Trout are plentiful in the clear, cold 
water of upper Green River and its tributaries. In the 
upper Colorado River Basin 318 streams totaling 2,327 
miles and 273 lakes furnish plentiful fishing. The Colo
rado State Department of Game and Fish and the Forest 
Service cooperate in keeping the streams and lakes well 
stocked with fish. The varieties of trout most common 
are eastern brook, native, rainbow, and Loch Leven. Val-

OUTDOOR LIFE 
l'isitors enjoy the cool brec~u on Lake Mead aboard the Grand Canyon Boulder Dam lours cru1ser "Hualapai." 

This trip to the Grand Canyon and return is offered daily 
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ROD A.~.'\"D REEL 
Fi;hermf'n di;p/aying their catch, a 9-111ound, J-ounce bas; taken from Lake ,\lead 

ltxito Rc.<;en·oir and fi..;h Lake otTer good fishing in 
lhe San Juan Basin. 

Hunters are attracted particularly by deer, elk, and 
antdope herds, now increa..;ing under protective measures. 
~lountain sheep, blatk and brown bear, beaver, fox, 
badger, <-rmine, muskrat, skunk, miuk, wildcat, lynx, 
coyote, Jnartin, weasd, rabbit, porcupine, grouse, sage 
thickens; and ducks abo are found. Chin<"SC phea.<>ant._, 
introduced into the Green Rin-r B.LSin in the early 1920's 
are now nunu·rous near irrigated lands. 

Pri\'ate summer hom<·s and commrrcial camps and 
r(."!';flrt.s which <•ITer accommodations to :o:pnrt~rnt>n are 
idc;t!ly situatt·d IH'<~r more acccs.•ihlc :o:trl';tms and l.tk(."!';. 

Grand Lake in Rocky ~fountain National Park is noted 
for its beauty. 

Steamboat Spring". Colo., with its warm mineral baths 
is a p<,pular rc:o:ort area. Berthoud Pass and West Portal 
(~loiTat Tunnel), Colo., fa\'ored because of their high 
altitudes and nearness to Dem·er, are noted winter sports 
areas. Thn otTer good accomodations and ideal ski runs. 
The Hot S~lphur ·Springs sl.i tournament has been an 
annual t·wnt since 1911. 

The manv recreational ad,·antages of the upper basin 
will be more. fully enjoyed as they become more accessible 
through impro\·ed tramportation. Their value will be 
enhanced through dl'\·doprnent of other resources. 
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LOWER BASI~ 

.\griculture and mining compete for first place in eco
nomic importance in the lower basin. Since agricul
ture employs a much larger percentage of the population, 
it is ranked generally a~ the most important industry in 
the area. The gross annual income from mining, how
ever, is greater than that from agriculture. Livestock 
raising is an important agricultural enterprise, although 
not dominant as in the upper ba<in. Crops bring slightly 
higher rt.'tums than Jh·e~tock. The warm climate per
mits both summer and winter cropping where irrigation 
water is a\·ailable and high-value crops, such as citrus 
fruits and winter vegetables, are produced. 

In 19-!0, 631,620 people were living within the 140,000 
square miles of the lower basin. This average density of . 
4.5 persons per square mile is almost double that of the 
upper basin but is barely more than one-tenth of the 
national average. 

The building of Boulder Dam and its appurtenant 
works to control and utilize the waters of the Colorado 
Rivt>r has done much to increase the lower basin's eco
nomic contribution to the Nation. Agricultural lands 
near the riYer have been spared the ra\·ages of destructive 
floods, and nearly a million acres have now been prmided 
a dependable water supply, with further expansion in 
prospect. Low-cost electric energy from the project has 
stimulated industrial growth in the lower basin and the 
surrounding territory. War industries of practically 
~very type and on substantial scale sprang up suddenly. 

Within the basin lie some of the scenic masterpieces of 
Nature's handiwork. These, together with man-made 
attractions, draw millions of tourists to the area annually. 
Catering to these visitors has become a well-defined indus
try. E~tablishments such as auto courts, hotels, ~est 
ranches, touri.~t bureaus, and curio stores are almost wholly 
dependent upon this trade. Countless other businesses 
are affected by tourist travel. The value of this industry 
is increasing. 

LA:-;o CsE 

The lower basin, includin~ thr Salton Sea drainage 
an·a, comprises an area two and one-half times the size 
of ;\cw y,,r!' State. Land in the area is grouped, accord
ing to u~!', a' follows: 

Farm land: 
Irrilla'•·J land ....... _ 
Otlwr farm land. 

lnrlian rr.<•'rvatiun~ ...... .. 
\ational for""'~ 
X at tonal park;, .. ~~~~nwwnt• ·~~~,j

ree!'l'atioual &l'f'ftS. _ .•••• _ ••••••• 
(ltherln••rl ......... .. 

3. G07. 000 I' 
41,073.000 

Pr>rN>nf of 
total 8J'f.'8. 

1.5 
32. 4 
17. 9 
16. i} 

4.0 
45. 6 
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Some of the areas as presented are overlapping and 
consequently the total exceeds the basin area. For in
stance part of the farm land is included also in the area 
in Indian reservations. A very large portion of the basin 
area is used for grazing. Included in the area grazed are 
part of the irrigated land and most of the "other farm 
land," also substantial parts of Indian reservations, Na
tional fomts, and "other land." Limited grazing is per
mitted.on l'\ational parks and monuments. Only 1.5 per
cent of the entire area ·is irrigated, yet this small portion 
is the ba'>c for the total crop production. Dry farming is 
practiced to a limited degree in a few of the higher agri
cultural areas, particularly in the Virgin and Little Colo
rado divisions, but is almost negligible in the economy of 
the lower basin. 

Sorts 

Soils of the lower basin han· developed in a climate 
where low rainfall and high temperatures prevail, with 
the result that they are very low in organic material and 
have lost little of their soluble plant nutrients through 
leaching. Soil colors vary from gray to red, with pinks 
and reds prominent. Practically all agricultural soils are 
of alluvial formation but Yary rather v.idely in compo
sition, texture, and fertility. 

Valley bottom soils are generally derived from the more 
recent allmial materials, and range in texture from sands 
to days. They are best suited to agriculture because of 
high fertility, smooth topography, and proximity to irri
gation supplies. 

BPnch and terrace soils make up the largest acreage of 
irrigable soils in the lower basin. Surface soils of this 
type rary from rather coarse and sandy to fine textured, 
and contain abundant quantities of the mineral elements 
of fertility. The subsoil is usually finer textured and in 
places is composed of hea\)' clay. Quite frequently a 
zone of lime accumulation occurs in the subsoil and in 
some areas a definite lime hardpan has been formed at 
'ari(lus depths below the surface. 

Extensive areas of d~ert soih in the lower basin usually 
grade from coarse sands and gra,·ds near the base c•f 
mountains to fairly heavy clay loanlS and days near the 
center of the ,·alleys. Many area~ are high in soluble salt 
content, but where good drainage can be prO\ided, AA!ts 
can be leached easily from the soils and the land made 
highly producth·e. These desert soils are stratified and 
the \'arinu~ horizons grade from coarse, raw sand to heavy, 
plastic clay. Where medium-te.xtured soil occO.rs in suf
ficient depth at the surface or near enough to the surface 
to insure ~dequate water-holding capacity, the land merits 
agricultural de\clopment if the total salt content is low, 
or if leaching and drainage can be provided. 
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MILCH COWS IN IRRIGATED PASTURE 
All-year pasturing produces higher grade milk and assures plentiful winter supply 

IRRIGATED SUGAR BEETS GROWN FOR SEED 
S,·,·d fJroductimr iJ an imf•o rl twl co11tributi(lll to the Xatiorr 
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AcRICULTl"RE 

Crops were grown in the lower basin hundreds of years 
before any other part of what is now the United. States 
was settled. Agriculture has been and always w~ ~on
tinue to be dependent on a satisfactory supply of J.ITl?a
tion water. The area is favored with an all-year growmg 
season. 1\fany crops, such as small grains and vegetables, 
grown in most parts of the Nation onir in su~er are 
produced here in winter. These combmed witJ: per.en
nial crops such as alfalfa and pasture and semitroptcal 
crops in warmer parts of the basin result in a high degree 
of cropland occupancy. Crop failures are ~are, but 
when they occur it is possible for another plantmg to be 
growing on the land within a short time, provided an ade-
quate water supply is available. . . 

Double-cropping of the same land w1tlt botlt wmter and 
summer crops is a common practice where irrigation water 
supplies are adequate. This practice brings a high an
nual income per acre. Double-cropping, howeYer, causes 
a heavy drain on soil fertility and necessitates eitlter ~e 

· rotation of soil-building crops or tlte use of commefClal 
fertilizers, or botlt. 

Because of the wide variety of crops that can be grown 
successfully in the lower basin tile pattern of crop produc
tion is continually changing. New crops are being intro
duced and varieties of oilier crops developed. In recent 
years a number of crops new to tile region have been 
tested and are now in commercial production. Among 
tltese are guar, a drought-resistant forage bean; psyllium, 
a seed used for medicinal purposes; mung beans, valued 
for food and forage; and many varieties of sorghum. 

Alfalfa, grown on approximately 30 percent of tile ir
rigated land, covers a larger acreage titan any other crop. 
It is an important cash crop botlt for local sale and for 
shipment to soutltern California, tile world's largest hay 
market. The production of alfalfa seed is also important. 
The extensive range lands of tile lower basin together witlt 
adjacent areas in Mexico and New Mexico furnish a great 
number of feeder stock. These animals can be pastured 
on alfalfa fields and finished on hay, silage, and grain be
fore being processed locally or shipped to markets. Al
falfa is of fundamental importance as a soil-building 
crop, and its use in tile rotation system is partly responsible 
for high yields of oilier crops. 

All-year pasturing is possible in the area. Cows so 
pastured produce more and higher grade milk, richer in 
fool value and vitamin content, than do cows fed 
otherwise. 

Seed production is one of tile lower basin's most im
portant agricultural contributions to the Nation. Witlt 
excellent gro'l\ing conditions, water for irrigation, and 
virtual freedom from rain during tile harvest season, seeds 
are plump, of strong germination, and excellent color. 
Twenty to 25 percent of tlte sorghum seed used in the 
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United States and more titan 40 percent of tlte sugar beet 
seed are produced here. Bermuda grass seed, grown 
largely in tile Lower Colorado and Gila River Valley~, is 
used extensively in tile development of pastures, erosiOn
control plantings, and lawns tltroughout most of the 
Soutltem States. Fla.xseed yields are high in tlte Yuma 
and Imperial Valleys and bring good _Pric~ because. of 
the high iodine content of the seed whil'h giVes a dryrng 
quality to tile oil extracted. 

The Coachella Valley has become tlte principal source 
of the Nation's domestic date crop. The dates grown jn 
tltis region are of exceptionally high quality. 

Range livestock are dependent on irrigated areas for 
winter feed. Sheep are brought from mountain ranges 
to irrigated valleys during the late fall and lambed during 
November. The lambs are fed on alfalfa and grain pas
tures and marketed in tile early spring. 

Agriculture in tlte region can expand only to tlte extent 
more water can be made available. Much more land is 
suitable for crop production than is in cultivation. Water 
is tile limiting factor. 

Types of farms 

Types of farms in tile lower basin classified according 
to tlte major source of income are shown in tile accom
panying chart (fig. 9). The percentage is of tlte total 
number of farms. 

Livestock and dairy farms.-Approximately 36.6 per
cent of tlte farms are livestock and dairy farJns. The vast 
areas of grazing land have led to extensive ranching oper
ations. The percentage of livestock farms will probabl) 
remain high, but witlt more feed produced on irrigated 
land in tlte future tile percentage of finished catde and 
dairy products is likely to increase, An increase of popu· 
lation in rural areas and tile continued growth of urban 
centers will be accompanied by an increase in th~ demand: 
for tile products of tile dairy and tlte feeder lives~ock f~. 

Field-crop farms.-In an area where ranch li~:es~ock JS 

so important, tile production of feed crops on 1111gated 
lands is likewise important. Such crops as alfalfa, small 
grains, and sorghums are grown principally as an adju.nct 
of tile livestock industry. C..otton has been the most Im

portant field crop, but its relative. importance is decreasing~ 
Fruit and truck farms.-FrUit and vegetable or truck 

farms are much more important in the irrigated areas of 
the lower basin titan either tile percentage of such fanns 
or tlteir acreage would indicate because gross :eturru: per 
acre are very high and a large amount of labor IS requtre~-

Subsistence farms.-The highest percentage of farms JS 

classified as subsistence farms, so called because m~t of 
the farm products are consumed by the farm household. 
In certain localities witltin tile basin inheritance has- re
sulted in farms being divided into very small indh~dual 
holdings which are operated as subsistence farms. Many 
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WINTER VEGETABLES fOR EASTERN l\1:\RKETS 
lrri~;a tt· J /"nels J1rodua l o ll s of carrots and pro •·id.: a li:·dilwod for many groil'crs a11d ha11dlas 
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Indian farms are subsistence units. Subsistence farms 
produce very few products for sale, unlr_ss they are handled 
in conjunction with range land. The development of 
new lands and the provision of supplemental water sup
plies for lands now inadequately irrigated will improve 
present f,1rming conditions. 

Nv~1BER AND SizE OF FARMS 

Arizona is representative of the lower basin with refer· 
cnce to the size of farms. In 1940 Arizona with an 

TABLE X.X.-Number and si::e of ft in lower basin 

;-;.Jh) group WIO 1920 1925 JV30 1935 !940 

Percent of total number of farms 

l"n<ier 10 acres ____ " 27. 2 7. 0 11.1 24. 1 26. ~ 15.0 
1(}-49 acre~-------- 25. 0 31. 1 28. 4 30. 9 33.? 24. 5 
50"-Y9 acres _______ " 8.9 17. 1 17. 6 12. 9 11. 1 8. 4 

SubtotaL __ " 61.1 55. 2 57. 1 67.9 70.6 47. 9 

J0()-4!19 acres ______ 36. ;j 36. Q 32.2 22.2 19. 2 21. 5 
50(}-Y99 acres _____ 1.~ q 4. 8 4. 8 4. 9 10.5 
Owr 1,000 acres __ .8 4. 0 5. 9 5. 1 5. 3 20. 1 

SuhtolaL ___ 38. 9 44. 8 42. 9 32. I 29. 4 52. 1 

TotaL _____ 100.0 100.0 100.0 100. 0 100.0 100. 0 

Number of farms 

rnrl(•r 100 acres ____ '·'"I '·'"'I'. , .... "'I' a '"I ~ "' On•r 100 acres _____ 3, 584 4, 469, 4, 648 4, 549 5, 533 9, 614 

TotaL" ____ 9, 2271 9, 975110, 80214, I73i18, 824:18,468 
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average of I ,389 acres per farm, had larger farms than 
any upper basin State except Wyoming. Livestock rais
ing was the major farming activity on large farms. Be
tween 1930 and 1940 the number of large farms (those 
over 100 acres) in the lower basin increased 2.1 times, 
while the percent of the total area of such farms in
creased only 1.6 times. The most significant increase in 
large farms took place between 1935 and 1940. During 
that period the number of farms of fewer than 10 acres 
was cut almost in half. 

The general trend is toward larger farms. The in
crease in the size of ranches is due partly to the decrease 
in the number of livestock the public range can support. 
Crop farms are increasing in size and number in certain 
areas because improved machinery makes possible higher 
efficiency in farm operation. 

Irrigated farm acreage.-The average number of irri
gated acres per farm in the lower basin decreased slightly 
during the period 1910 to 1940. The decrease was due 
largely to the increase in number of irrigated farms, with 
a lesser corresponding increase in irrigated acreage. The 
Little Colorado division had the smallest irrigated farm 
units as well as the greatest decrease in irrigated acreage 
per farm. The number of irrigated farms in that divL~ion 
increased from 554 in 1910 to 1,94 2 in 1940, but the total 
irrigated acreage increased only 35 percent. The small 
size of these units results from the high percentage of 
Indian farms and the large number of subsistence white 
farms. 

Farm operation.-Full renters ortenants made up H 
percent of all farm operators and farmed about 19 per· 
cent of the cultivated land in 1940. Owner-renters or 

LOWER COLORADO RIVER BASIN 

Percent of all farms Percent of crop land 
accup1ed harvested 

Fwt'RE 9.-Types of farms. FmvRE 10.-Farm operation, 1940. 
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TABLE XXI.-lrrigated farm acreage in lower basin 

Average irrignhxlarrt•age per ini~'llW<i farm (acres) 

D!YI!sion 
1910 1920 1000 1940 

Little Colorado _________ 32.6 37.6 18.2 12.6 
Virgin _____ ------------ -·ios:ii- 31. 7 31. 9 28.6 
Boulder---------------- 126. 6 115.0 132.4 
Gil& •• _- •••• ----------- 79. 1 69.8 71.7 69.3 

Lower basin ••• __ • __ ._.-~ 82.2 84. 0 78.8 75.2 
" 

part owners (those renting a portion of the farm lands 
they harvest), operated only one-tenth of all fanns, but 
farmed more than one-third of all the crop land harvested 
in 1940. Owner-operators J!lade up the rest of the farm
ers and represent the largest group, harvesting nearly 50 
~rcent of the crop land in 1940 (fig. 10). 

Wbil~ the extent of farm leasing in the lower basin is 
below the national average, it presents a problem in cer
tain irrigated sections of the basin, mainly because the 
terms of the individual leases fail to make provision for 

THE COLORADO RIVER 

preserving the productivity of the soil and for the upkeep 
of improvements on the farms. Land that has been in 
alfalfa for a number of years, however, is often leased to 
vegetable growers for a period of 1 to 3 years, the plan 
being to replant to a soil-building crop after the lease bas 
expired. 

Value of farm lands and buildings.-Land values vary 
widely depending upon location, soil qmJity, topography, 
water supply and other factors. Raw land, without pros
pective irrigation possibilities usually sells for $1 to $10 · 
an acre. Irrigated land sells for $100 to $250 an acre 
with the higher prices more common in the Boulder and 
Gila divisions. 

The decrease in the total value of all farm land and 
~arm buildings from 1930 to 1940 was 24.2 percent, as 
compared with 29.7 percent for the entire country. The 
average value per farm of all land and buildings in the 
basin is 50 percent above the average for the United 
Sta~es, while in the Gila and Boulder divisions, the aver~ 
age farm value is twice that of the entire country. 

TABLE XXII.-Value of farm lands and buildings in lower basin · 

A"ernge nlue of lands and buildings 

I>h·iliion 19.'.0 193S 

Per farm 

J,ittle Colorado ••• __ •••• ----~------·-·- •••••••••••• $2, 446. 00 
V ir!{in ••• _ ••••• -.- ••• - ••• - ••••• -.-.- •• -----.------ 6, 036.00 
Boulder •••••• __ ----- •.• _ •••.• _ •.• -----.- ••••• -.--- 18,457. 00 
Gila •••••••• _ •••••••••••• _ ••••••• _ ••• __ •• ___ • _____ , 15, 593. 00 

Lowrr hru;in ••••••••.••• _. _. _. _ ••• ___ • _. __ •• _____ •. 13, 474. 00 

'Cnited States •••••••••• _._ •••••••• ---. __ ._ •••••• __ 7, 614. 00 

The decrease in the per-acre land values during the 
1930 to 1940 period is attributed to a number of factors. 
Agricultural prices declined during this period which was 
one of the rna jor economic depressions. Considerable 
land of much lower value than that previously farmed was 
purchased. The acreage of farm land doubled during 
this period, whereas the total number of famlS increased 
from 21,193 to 25,795, an increase of only 17 percent; 
consequently the \'alue per acre of farm impro\'cmcnts 
was not in proportion to the increase in acreage. 

Land \'alucs ha\'e risen since tl1e 1910 census was taken, 
and in many ~ctintlS of the lower basin a land boom is 
under way. Lands in financial distress 10 years ago now 
are ~elling generally at double and treble the prices of · 
1933 to 1935. 

Farm products and t·alue.-The basin is fa\'ored by a 
climate ideal for producing winter crops. Citms fruits 
and winter \'tgctahlcs returned $3,800,000 and $7,300,-
000 respectively to the famtrrs of the basin in 1939. Dur-

Perll<'l'e Per farm Per acre Per ft(·re 

$3. 00 $1, 831. 00 $2. 97 $2,090.00 $1. 39 
20. 57 4, 169.00 12. 63 4, 770.00 7.'97 
70.29 10,346.00 41. 98 11,057.00 12.43 
16. 92 8, 4i8. 00 9. 12 11, 644. 00 9. 91 

19. 33 7, 246.00 10. 56 8, 389.00 7. 07 

48. 52 4, 823.00 31. 16 5, 518. 00 31. il 

ing the montl!S of December and January the country is 
largely dependent for its supply of lettuce on Arizona and 
the Imperial VJJey of southern California. In 1943 the 
Salt River and Yuma Valleys in Arizona shipped 6,600 
carloads of winter lettuce, shipments being consigned to 
45 of the 48 States. In 1939 the per capita value of farm 
products of the basin was $97, as compared with $75 in 
the Nation. 

Livestock and li\'estock products sold in 1939 made up 
36.7'percent of all agricultural production in the basin, as 
compared with 35.5 percent lor tl1e entire Nation, Feeder 
cattle, sheep, and goats are the predominating livestock. 
Only a few hogs are rai~cd in the area. An increase in 
production of feed crops may result in a considerable in
crease in the proportionate value of livestock and livestock 
products. 

The sale of dairy products is important in some irrigated 
are.l.S. Dairying probably will increase, but it is doubt-
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ful that it will ever a.o;sume the importance in the agricul
ture of the basin that it does in agriculture of the Nation 
as a whole. 

Fanners and stockmen of the lower basin consume in 

Q" .) 

their homes only half as much of their farm products as 
do the a\·erage farmers of the Nation. Agriculture is less 
diversified here and a smaller variety of products is suit
able for home consumption. 

TABLE XXIII.-Value of agricultural pr~ducts in lower basir1 (1939) 

ltrms 
\·alue 

Sold: 

PerNnt ol 
total 

Cnited States 

PerCPnt or 
total 

}h'PS(O~k and livestock product~ .••......................•... _. 

J~;:_r~~-u_c_t~~~ ~ ~= ~: ~== :::::::: =~ ===~= ~ :: ~: ~::: :::::::::::: = 

$22, 835, 000 
4. 295,000 

31,506,000 
3, 534,000 

36. 7 $2, 429, 289, 000 
6. 9 1, 118, 193, 000 

31. 3 
14. 4 
39.8 
14.5 

50. 7 3, 094, 947, 000 
Farm products used by farm household ..•••• ------------------------ 5. 7 I, 132, 063, 000 

Mr:-tERALS AND l\frNING 

The first white settlers in the lower basin were adven
turers, ma~y of whom originally had set out to seek gold 
in Cal~ornia. It was natural that they should prospect 
the reg10n through which they traveled. Significant gold 
and sih-er strikes were made in the 1880's. These strikes 
led to booms with their attendant influx of people. But 
the mining industry, as developed in the last century was 
a precarious business. There was no orderly dev~lop· 
ment, no scientific method of locating ore deposits, or any 
attempt at establishing this major resource as the basis of 
a stable industry. Numerous ghost towns throughout 
the entire area give mute testimony to the feverish ai::td 
impetuous exploitation of the ore resources. 

Today, mining and mineral resources are of vital im
portance to the region, but attitudes and methods have 
changed. Emphasis is now upon sound planning and 
development with full utilization of modern scientific 
knowledge and methods. 

,V:aluable minerals are well distributed, and important 
~g operations are found in many parts of the lower 
basm. (See appendix, maps entitled "Mineral Re
sources, Colorado River Basin.") Mining camps are 
~arkets for farm crops, and mines consume large quanti
ties of the lumber produced by local lumber mills. The 
transport~tion of ore, metals, and mining supplies is one 
of the ~am sou~c~ of revenue for railroads and trucking 
c?mpan1es. Mmmg properties furnish one of the prin
~Ipal tax sources for State and local governments. Min
mg enterprises provide employment for many of the resi
dents and have made possible the development and im
provement of many isolated and remote areas. 
. Of all minerals mined in the lower basin, copper is most 
unportant. Each year, since 1910, Arizona has ranked 
fi':'t amo?g the States in copper production, and probably 
w~ll conunue to hold such rank for many years. Large 
~es .are operated at Bisbee, Morenci, Superior, Globe, 
M1anu, Ray, Ajo, and Jerome, Ariz. The remaining 

copper deposits have been estimated to contain about 23 
billion pounds which could be recovered at costs ranging 
from 6 to 18 cents per pound. The largest reserve of ore 
in the basin is found at Morenci, Ariz., where proven fu
ture supplies total 300 million tons of ore containincr from 
20 to 25 pounds of copper per ton. (See figs. 11 and 12.) • 

Gold ranks second in annual gross income from mining 
in the lower basin. About 50 percent of the gold pro
duced is recovered as a byproduct of copper ores. The 
largest known reserves of gold are found in ores primarily 
v:Uu~ble for their base metals. Mines in high-grade ore 
dJStncts have been sporadic in production, their output 
fluctuating with prevailing market conditions. The Dd
t?ar, Nev., district, the largest of the straight gold-and
silver-producing areas, produced in 1940 minerals valued 
at $130,700. Little commercial grade ore remains in 
any of the known gold-ore deposits. 

Silver is third in importance as a source of income from 
mining. About 75 percent of the silver produced comes 
from copper ores, and a large part of the remainder is 
produced as a byproduct of the lead and zinc mining 
mdustry. 

Zinc production is handicapped by the distance to zinc 
smelters. High shipping costs make the deYdopment of 
low-grade ore deposits difficult and sometimes impossible. 
Zinc deposits are generally associated with lead or copper. 
The largest zinc ore reserves are in copper deposits but 
these are low-grade, and mining and milling costs are 
high. From the standpoint of production costs, the most 
important zinc reserves are those associated with lead. 
One of the largest of these is found in :Mojave County near 
Boulder Dam. The construction of an electrolytic treat
ment plant in this district, using low-cost power developed 
at Boulder Dam, would greatly stimulate zinc production. 
Considerable amounts of zinc ore are produced in the 
Superior, Patagonia, Nogales, Bisbee, Iron King, .Mam
moth, Hillside, and San Xavier districts of Arizona, and 
the San Simon and Lordsburg districts of New 1\Ie.xico. 
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Lend is produced in moderate quantities at various dis
tricts, notably Patagonia, Mammoth, Iron King, Bisbee, 
Cerbat Mountain, Hayden, and San Xavier in Arizona; 
Pinos Altos, Steeple Rock, Lordsburg, and San Simon in 
New Mexico; and the Goodsprings district in Nevada. 
(Seefig.l3.) 

TABLE XXIV.-Gross value of principal metals mined in 
/o;ver basin 

ll!rt,JI 1941 production Total production 

$77, 910,000 $2, 840, 000, 000 
11, 6.52, 000 24 7, 550, 000 
5, 904, 000 198, 450, 000 
2, 562,000 19, 140, 000 
1, 804, 000 32,500,000 

99, 832,000 3, 337, 640, 000 

Production of cobalt, mercury, manganese, vanadium, 
molybdenum, and asbestos was greatly stimulated by war 
conditions. Cobalt is mined in the Tombstone, Ariz., 
area; mercury in the Ord district of the Mazatzal Moun
tains, Ariz.; manganese in the Bisbee, Ariz., region; vana
dium in the Mammoth district of Arizona; molybdenum 
in the Mammoth and Globe-Miami districts of Arizona; 
and asbestos in Gila County, Ariz. 

Several manganese ore bodies are found in the area, 
the mo~t extensive being located in the Artillery Peak dis
trict of Arizona and in the Three Kids mine near Las 
Vegas, Nev. Both of these areas were large producers 
during World War II. This country's largest manganese 
mine is located near Las Vegas. 

Coal is known to occur at several locations. Small 
amounts are mined for local consumption, but deposits 
have proved too poor in grade to compete with the higher 
grade coals mined in New Mexico and Colorado. Sub· 
bituminous grade coal is found in the Kolob-Kanab dis
trict of Iron and Kane Counties, Utah. To date, coal 
mining has been on a very small scale, and development 
work has not been extensive enough to determine the 
reserves -available. 

Limestone and gypsum are mined in the lower basin. 
Important deposits of various salts are found in many of 
t~~ dry lake beds of Nevada and California. Deposits of 
sthca sand near Overton, Nev., are mined and shipped to 
the west coa~t for use in glass manufacturing. Numerous 
other minerals, including alunite, magnesite, clay diat
omite, bentonite, borates, calcium chloride, and petro
leum, are mined commercially on a comparatively small 
scale in the ba~in. 

Adjacent to the lower basin are southern California's 
petroleum and natural gas fields, among the largest in the 
country. The gro~s value of production from these fields 
during 1942 is shown in the following table: 
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T.~BLE XXV.-Natural gas and petroleum produced in 
southern California (1942) 

value or total production 
Coullty 

I :Xatural gas Oa.-;,oJine Crude oil 
·i 

Los Angeles _________ $6, 11<6, 796 $11, .'>98, 193 $90, 620, 837 
Orange _____________ 1, 293, 338 2, 048, 105 25, 457, 3S2 
Ventura .. _. ___ ... _. 2, 180, 252 2, 602, 076 20, 148, 305 

TotaL ...... _ 9, 660, 386 16, 248, 374 136, 228, 524 

Recently developed electrometallurgical processes 
should greatly stimulate the mining industry of the region 
if sufficient low-cost power becomes available. Large 
and important ore deposits of various grades are yet to be 
mined. Development of the lower grade deposits, 
hitherto economically impracticable, will become feasible 
with low-cost power. "Several large zinc deposits of 
medium or better grade, which are not at present being 
worked because of high transportation costs to distant ore 
treatment plants, could be developed with low-cost power. 

The possibility of discovering new ore deposits should 
not be overlooked. Technical advances in prospecting 
methods are continually being made. Vast areas under
lying the numerous alluvium-filled basins and valleys of 
the region are impossible to prospect by present methods 
and offer a promising field for the discovery of new de
posits of valuable ores. 

Industrial research organizations are discovering and 
developing new uses for mineral products and other pe
troleum products and derivatives. 

MANUFACTURING AND OTHER INDUSTRIES 

The lower basin has been almost totally dependent uporr 
outside areas for manufactured goods. In the last thirty 
years a rapid growth in population and an increase in 
transportation facilities and supplies of low-cost electric 
energy have been conducive to industrial development. 

In 1940 one-half of the manufacturing establishments 
were engaged in processing food products. These in
cluded meat packing, poultry packing, flour milling, !ce
cream making, fruit packing, fruit and vegetable cannm~, 
and dairy processing plants. Cotton gi!ls, ~ottonseed-oil 
mills, and breweries also operated in the reg10n. 

Twenty-two plants were dependent upon the forest for 
raw materials. In this group were 12 sawmills, 5 planing 
mills, and 5 veneer mills. Twenty-four establishments 
manufactured household furniture and furnishings. 
Twenty-five plants man~:~factured brick, hollow tile, ce
ment, and concrete products. Three plants processed c.ot
ton products and three plants manufactured machme 
tools. Various other smaller manufacturing plants were 
operating. 
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World War II was responsible for the development of 
large industries in the lower basin. Las Vegas, Nev., 
was the center of much such activity. The world's larg
est magnesium plant was located within the trading area 
of that city. The manufacture of industrial tools and 
implements for war increased greatly during the war pe
riod. Several manufacturing industries were established 
near Phoenix, Ariz., including an aluminum fabricating 
plant and an airplane factory. An airplane assembly 
plant was locateJ at Tucson. Construction of an arsenal 
near Flagstaff created a temporary boom. Small mili
tary establishments, such as the naval training air base at 
Holbrook, caused local temporary prosperity. The war
time demand for wood increased the tempo of lumber
ing operations. War prices for food increased the farm 
mcorne. 

Y ery little industrial utilization of the metallic minerals 
produced in the lower basin is made within the area. 
Practically all metals mined locally arc shipped for re
finement and fabrication to plants located in other States. 
Some of the nonmetallic minerals producer, however, are 
treated and utilized by local industries. Plaster is manu
factured at Douglas, Ariz., from gypsum mined in the 
Sulphur Springs Valley. Limestone io; roasted at several 
plants, and the lime produced iS marketed throughout 
the region. ~luch of the common brick used by the con
struction industry is manufactured at various local brick-
yards. , 

Lumbering operationS are important in the vicinity of 
Flagstaff, where 1,500 persons are thus employed. A 
lumber mill with an annual capacity of one hundred mil
lion board feet is located at :McNary, Ariz. Forests in 
this region are practically all under the jurisdiction of the 
United States Forest Sen·ice, and therefore, the available 
resources can be expected to remain fairly constant. 

Indian arts, such as weaving and silversmithing, fur
nish an important source of income to the native crafts
men and to curio shops. 

Another industry of coruidcrable importancr, which de
pends on and assists with the marl..cting of tlu~· fruit and 
vegetable crop, is the manufacture of ice. Within the 
lower basin several ice plants, including one specializing 
in dry ice, furnish refrigeration for produce en route to 
market. 

The few factorit!l normally located in the region pro
duce chiefly either materials used in a,griculture or mining 
or commodities for local markets. These manufactured 
products include dynJJllite, boxes and crat<'S, saddles and 
harnesses, concrete pipe, fabricated steel, auto radiators, 
stor~ge h<lttcrics, paint and \'amish, and air-conditioning 
equ1pment. 

Probably one rta.~n for t11e lark c•f exteruive industrial 
dc\'clopment in the lower ba~in is its proximity to numer
ous factories in the southern California coast.U rc~ion 
where natural ad\'autagrs ~uch as seaports and low-cost 
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fuel supplies have aided the development of extensi\'e 
industries. 

In ~e la<;t two decades the nearby Los Angeles metro
politan area has become one of the Nation's principal 
manufacturing centers. The six counties which com
prise the southern California area are engaged in vir
tually every line of manufacturing. In 1940 this region 
had 6,254 manufacturing establishments and employed 
139,287 wage earners. In number of establishments the 
processing of food ranks first, there being more than 1,200 
such plants. Nearly 500 factories manufactured house
hold furnishings and appliances. 

The Nation's largest airplane factories were located in 
southc;m California during the war. 

The refining of petroleum is by far the most important 
of the industries related to or dependent on mining. The 
many crude oil derivatives obtainable by refining have 
made the petroleum business an activity of considerable 
scope. Petrolrum products produced in southern Cali
fornia include gasoline, synthetic rubber, tar, asphalt, 
toluene, phenol, paint bases, solvents, fertilizers, alcohols, 
acetic acid, formaldehyde, ammonia, and many others. 

Another important mineral industry in the southern 
California region is the manufacture of Portland cement. 
During 1942 the 5 cement mills operating in the area 
shipped a total of 11,582,051 barrels to markets scattered 
throughout southwestern United States. 

Large quantities of hollow tile and brick are produced 
in southern California plants. Varieties of brick are 
manufactured and sold throughout the State and in con
tiguous areas of the lower basin. Other construction ma
terials produced include lime, sand, gravel, and crll5hed 
rock. 

Many industries found in the coastal region of south· 
em California are based on raw materials from the lower 
basin. 

MARKETS AND TRA~SPORTATIOS 

Trading and shipping centers are well distributed 
throughout the agricultural areas of the lower basin and 
pro, ide convenient outlets for crops and livestock. 

Forage crops such as alfalfa generally cannot be shipped 
out of the ba~in economically because of the transporta
tion charges. The exte1~i\e locallive:tock-raising indus
try creates a great demand for these crops and prices are 
generally based on the prenilin~ price at Ph~nix pl~s 
trucking costs. Alfalfa hay not fed locally to h\'estock JS 

sold in Los Angeles and in San Diego. 
Livestock is marketed mostly on the hoof and shipped 

to feeding pens located either in the southern part of Ari
zona or in St.tles outside the basin. Finished feeders are 
~hipped to Los Angeles and S<m Diego. .. 

Larger towns such as Flagstaff, Holbroc)k, and\\ mslow, 
Aril., provide a limited market for vegetabks and prod-
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TABLE XXVI.-Manufacturing cen5US data-Lower ba5in and Southern California (1939) 

Division N"um~r ol•m· 
Ployees engnged 

Yalueofmw 
matcrisls 

Value or pro!leSS<!d 
products 

Value add•d by 
processing 

-----·---------------------I----I------I------1------
Little Colorado........................................... 976 $587,000 $1,665,000 $1,078,000 
Vindn ... _ ..•.••...•.. _ ------ •.. _ ..•.. _. _. _. _ ........•.• _ 16 37, 000 92, 000 55, 000 
Bmilder .... __ ......... --- .... ___ . _- ........ _ .......... -- 1, lbl 4, 864, 000 9, 869, 000 5, 005, 000 
Gila ..•••••.•••••.••.•.•.•••.•.• _.-- .• _ •.•••••.•.•.• _ •.• - 4, 630 16, 44~. 000 27, 031, 000 10, 583, 000 

Lower basin ...•. __ .•.• _ •.•.•.•...•. -----.----. _____ l...:.·--6,--7-~3-1---2-1-, 9-3-6,-0-0-0 -l---38-, -65-7-, 0-0-0-l---1 6-, -72-1-, 0-00 
Southern California....................................... 139, ~87 758,716,000 1,325,803, 000 5U7, 087,000 

----~-:,------1-------1------TotllL ______________________________________ :____ 14ti, 060 780,652,000 1,364,460, 000 583,808,000 

l"niied f:itRtc~------·-----·--------------···-···----·-·-·- --------·-·- 32,160,107,000 56,823,025,000 24,662,918,000 
l'er~t'nt .lower ba~in is of United States totaL ••.•.•.•....•.•• ------------ 0. 07 0. 07 0. 07 
}'errcnt lower basin and SouthNn California is of United States 

totaL .••.•••.•• ------·-------······-----·-··---------- ..•.•.••.••. 1 2. 43 2. 40 2, 37 

uce. Additional markets for summer vegetables can be 
found in the southern portions of the State where the 
climate is too warm to permit successful truck gardening 
during the hotter months. Local mining districts provide 
valuable markets for dairy and poultry products and vege
tables. Winter and summer vegetables are shipped 
mostly to the east and west coasts, with Los Angeles and 
San Francisco as the chief outlets. Bermuda and alfalfa 
seeds are shipped to the Southern States. Flaxseed is 
sent to Los Angeles to be processed for oil. Citrus fruits 
are marketed throughout the country. Small fruits, of 
which the date is the most important, are sold mainly in 
the Los Angeles area, but part of the crop has a ready 
market in the midwestern and eastern cities. Dairy 
products not consumed locally are shipped to the Los 
Angeles area. Before World War II, much of the short
staple cotton produced in the region was shipped to Japan. 

East and west railroad transportation throughout the 
basin is handled well considering the vast, sparsely settled 
area involved. The basin is crossed by the Atchison, To
peka & Santa Fe Railway and in the extreme southern 
part by the main line of the Southern Pacific Railroad. 
Branch lines of each of these railroads serve the major 
mining and irrigated areas. The main line of the Union 
Pacific Railroad connecting Salt Lake City and Los An
geles crosses the basin in a north and south direction, with 
branch lines extending from Caliente to Pioche and from 
Moapa to Overton. 

A system of United States highways and State roads 
connects the inore important population centers. High
ways for east and west travel in general follow the rail
roads; U. S. 66 crosses the northern part; U. S. 60 and ' 
70 cross the central part; and U.S. 80 serves the southern 
part. These are paved, well maintained, and open to 
travel the year round. North-south highways include 
U.S. 91 extending from Salt Lake City through the basin 
to Los Angeles and U. S. 89 from Salt Lake City to south· 
em Arizona. U. S. 666 south of Springerville, Ariz., is 
one of the most scenic roads in the world and is known as 
the Coronado Trail. A network of unimproved roads 
leads to ranches and smaller population centers, but many 
are impassable during wet weather, and sandy stretches 
make automotive travel difficult during droughts. A 
great part of the basin is accessible only by foot travd or 
by horseback. Transcontinental truck and bus lines, 
American Air Lines, and Transcontinental Western Air , 
Lines pass through or over various farming districts and 
towns in the lower basin, 

WHOLESALE AND RETAIL TRADE 

In 1939 the lower basin and southern California to
gether had 4.29 percent of the Nation's retail and 3.47 
percent of the Nation's wholesale trade. In all of the 
divisions retail trade exceeded wholesale trade, but in the 
southern California area wholesale trade exceeded retail 
trade. 

TABLE XXVII.-Wholesale and retail trade-Lower ba5in and Southern California (1939) 

Division 

W holcsale trade 

Vruue 

$6,079,220 
1, 657,969 

41,449, 2:JO 
~R, 425,024 

137, 611, 443 
1, 780, I 06, 264 

55, 265, 640, 000 

Pert'ent ol 
Unltod SUe• 

0. Oil 
. 003 
. 075 
'160 
• 249 

3. 2:.!1 

Retail trade 

Value 

$16, 396,298 
6, 306,269 

39, 519, 2R3 
137, 056, 23ii 
199, 2 78, 0115 

1' 603, 053, 4ii2 
42, 041, 790, 000 

"Pm>en\ or 
l'nited 8tat•s 

0. 039 
. 015 
• 094 
. 326 
. 474 

3. 813 
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The lower basin and each division show a higher per 
capita expenditure in retail than in wholesale trade. In 
the southern California area the per capita wholesale ex
penditures exceed retail trade expenditures. The Little 
Colorado was the only division in the lower ba~in which 
did not exceed the national average per capita expenditure 
in retail trade. 

TABLE XXVIII.-Expenditures in trade.:_Lower basin and 
Southern California (1939) 

Division I 
I'Pr t'l!pita rxpl!n•liture 

- . -~----

Wholt'sule !Mail 
trade trude 

------------------1----
Littlll Colorado. __ ._. ____ ._._._._· ___ _ 

~:;t~idt:r·::::: ::::::~:::: ..... __ ..... . 
f:ila --- ----·-- ----------------------
Lower ba.~in •••••• _____ •••.• _ ...... _ -~ 
t-\outlwrn California_ •• _~_ .••••.•• ___ . 
l'aited ::Hates ••••... _ .... _ ..• _ ... __ . 

RECREATIOS 

$81.68 
104.80 
246. 85 
214. 38 
202. 10 
505. 30 
419. 57 

3218. 80 
3fi3. 6R 
409.47 
33:~. 02 
331.93 
454. 84 
319. 29 

The scenic beauty of the lower basin had been recog
nized long before its other resources were developed or 
stabilized. This region of high mountains, deep can
yons, colorful deserts, and thou~ands of square miles of 
scenic wilderness has drawn millions of tourists to Yiew 
its natural majesty and to enjoy its delightful climate in 
winter. Twenty-one national parks and monuments and 
13 national forests are located in the area. The Grand 
Canyon, Petrified Forest, and Zion Canyon, to mention 

1 only a few, enjoy world renown. 
Within the last decade the area has acquired a man

made attraction-Boulder Dam with its recreational 
area-which rivals all of its natural wonders and which 
symboliles man's wnquest of nature's fickleness. This 
dam impounds the world's largest man-made lake. Lake 
}.lead extends 115 miles upstream from the dam, through 
canyons, cliffs, and scorching deserts into the lower 
reaches of Grand Canyon and opens to the tourist srcnic 
beauty hitherto inacces~ible. The Boulder Dam l'\ational 
Recreational Area, located hundreds <•f milc.s from any 
large metropolitan renter, has become a tumi~t mecca 
and bdure World War II ranked ~ixth among the na
tional parks and nwnumt·nts in thl~ e nitC'd States in the 
number of vi~itors. 

Zion l'\ational P.uk altraC'Is louri~ts from all parts of 
the country. The unique colnrful MTIWI)' in this area is 
ust•d by the mo\'ing·picture indu~trirs ;ts a setting fllr 
"\\'<"stern" and othn picture~. Throu~h technicolor 
films, the matdJ('~S drsert Lt·auty near Kanab, Utah, has · 
hecornc familiar wht·n·wr motion pirturrs arl' :-ho\\ n. 

The Little o,Jorado Rin·r B.tsin is ;tlmost entirdv with
in a ~pt·rt1\rul.tr srruic art'.l !orally known as "Tilt' En-
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chanted Circle." The fantastically-colored Painted Des
ert and Petrified For~t are within this basin, and tourist 
travel is heavy to these wonderlands. Other popular at
tractions in this vicinity are the Sunset Crater, an extinct 
volcano which becomes a riot of color at sunset; the San 
Francisco Peaks, frequently snow-capped, which tower 

· over the surrounding countryside; and the Meteor Crater, 
formed by the impact of a meteorite during some past 
age. At Grand Falls, when the Little Colorado River is 
in flood stage, one may see a chocolate-colored river 
plunge 185 feet into the canyon below. 

In the Gila River Basin popular attractions include 
CasaGrande, Montezuma Castle, Tonto, Tuzigoot, and 
Gila National Monuments; saguaro and organ pipe cacti; 
spectacular rock formations at Chiricahua, New Mexico; 
and the early Spanish mission church at Tumacacori, 
Ariz. Prescott, Tonto, Apache, Crook, Gila and Cor
onado National forests are located in this area. 

Trips to the Indian reservations yield a glimpse into 
the lives of a people who have carried many of the ways 
of their prehistoric ancestors down to the present day. 
The various ceremonial dances of these natives are espe
cially interesting to the eastern visitor. Wupatki Na
tional :1\Ionument and Walnut Canyon, Ariz., are sites of 
numerous, fascinating, prehistoric Indian ruins. El Mor
ro National Monument, the great rock where early Span
ish explorers can·ed their names is located ncar Gallup, 
New l\1cxico. Prehistoric dinosaurs have left their tracks 
in stone 60 miles north of Flagstaff. 

The waters of the Colorado Ri,·er, detained at inter
vals in man-made lakes, teem with fish of many types. 
Ba.o;s, crappie, and bluegills abound in the rescn·oirs while 
trout and catftsh prefer the moving waters of the main 
channel. Lake .Mead is a fisherman's paradise. Reser
\'oirs on the Gila River and its tributaries are kept well 
stocked with fish from numerous fish hatcheries in the 
region and most of the clear, cold streams in the moun
tain areas cJntain rainbow, Loch LeYen, and other trout. 
Vppcr reaches of certain small tributaries of the Virgin 
Rin·r provide suitable cm·ironment for trout and offer 
limited Ji~hing for recreation, but the main stem of the 
Virgin River, Kanab Creek, and 1\Iuddy River do not 
contain fish because of intermittent flows, silt-laden 
frc.<>hets, or the mineral content of the waters. 

GamC' al>uund in both the Yalkv and mountain re· 
gions. The ~portsm:m hnds a plrt~tiful supply of such 
hi~ game as deer, dk, an~l bear in the forested and more 
primitiw area:-, and all of these animal~ may be hunted 
legally during certain seasons. :\Iountain lions, coyotes, 
aud othrr predatory animals are fairly common in remote 
arras and may be huntt•d the year round. Numerous spe
cies of small game attract many local hunters. Game 
birds found in the basin include the wild turkey, duck, 
'-!OU.'C' snipl' white-win.r pic;\·un, quail. and don·. Fiw 
;latitl;l;ll gat;lC refuges ;~-c h,lcatt·d partly or "holly within 
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the lower basin for the protection and propagation of 
wild-life. 

The National Park Service has done a great deal to
ward preservation of the natural and artificial wonder
Janus for the education and enjoyment of future genera
tions. The Forest Service is improving lakes in the vicin
ity of Flagstaff to enhance their value for boating, fi~hing, 
and swimming. 

Recreation is a major industry of growing importance 
in the lower basin. Numerous hotels, auto courts, res
tauran~, dude ranches, and curio shops depend almost 
wholly on tourist trade. Gasoline and service stations, 
automotive acces.sory stores, and similar establishmen~ 
are partially dependent upon the touring public. Air
lines, railroads, bus lines, and highways derive much of 
their annual traffic from tourist travel. In 1938, an av
erage year, the Go\"ernor of Arizona placed a value of 
$80,000,000 on the State's tourist industry. The same 
year tourist trade in southern California was valued at 
$194,684,000. 

SUMMARY-COLORADO RIVER BASIN 
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ANGLER'S PRIDE 

This review of present economic developmen~ in the 
Colorado River Basin poin~ to the serious need for ad
ditional de\"elopment of water and land resources. In 
some regions nature provides water in such abundance 
that it is taken for granted, but here in the Colorado River 
Ba~in people look to the fluctuating annual supply as the 
most accurate index to their prosperity. Lake Mead is called the "Eden of all bass fish ermen" 

SKIING ON SURVEYOR PEAK 
High srww-cappr.d mountains pro1•ide excellent winter sports areas 
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HIVES OF BEES IN DATE GROVE 
An irrigated date grove is a su:eet setting for honey bees 

ATI'R:\CTIVE HO:\IE ON IRRIGATED FARM 
OJ•J,ortrmiti.-s u·ill he pro: ided fnr mtlll)' 11 cw farm homt'S for z.·ftaans a11d oth ers 
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Agriculturally the basin has advanced to the limit of 
its controlled water supply with only about 1.7 percent 
of ju, total area, or 2,676,000 acrt:S, undt>r irrig<ttion. Of 
this irrigated area 1,325,000 acres are in the up_per basin 
and slightly more, 1,351,000 acres, are in the lower basin. 
~Iillions of acres of dry fertile lands yet are idle and most 
irrigated areas are not producing maximum yields be
r:~11se of water short:1gc.s, while at the same time flood 
waters still uncontrolled flow destructively to the Pacific 
Ocean and are lost for benrficial u.<:e. Control of these 
waters will require cooperative planning and systematic 
de,·clvpment involving construction of huge structures, 
mostly beyond the financial range of private enterprise. 

Much of the vast range can never be irrigated but its 
sparse vegetation will always be a major base of the 
basin's economy. Over-grazing and unseasonal use of 
the range are preventing optimum utilization of range land 
and are causing destructive floods and wasteful erosion of 
top soil. The production of more hay and other forage 
on irrigated land for pen and winter feeding will pennit 
maximum utilization of the range, protect livestock 
against severe winters, permit expansion of dairy
ing and livestock operations, and, in general, in
crease and stabilize the livestock industry. More people 
thus could obtain a prosperous livelihood from the indus
try, and the Nation would be rewarded with more beef 
and mutton, hides, wool, and dairy products. 

Lack of sufficient water is responsible for crop failures 
and low yields. In areas where cash crops are grown, 
increased and dependable water supplies will make pos
sible higher yields on lands now irrigated, preYent crop 
failures, make possible an increase in the cropped acreage 
and permit farmers to diversify and intensify farming op
erations. The products of these farms-peaches, apples, 
citrus fruits, summer and winter vegetables, seeds, sor
ghUllL'!, and other crops-will be readily absorbed in the 
American market. As a result farm income will be in
creased and farmers will enjoy security, stability, greater 
prosperity, and a higher standard of living. . 

Many farms in the basin are too small for efficient op
eration. This condition has resulted mainly from subdi
viding holdings through inheritance, and from the pur
chase of tracts too small for economic units. An increase 
in the irrigated acreage will make possible larger farm 
units and thus reduce the number of part-time farmers in 
the upper basin forced to seek supplemental employment 
away from the farms and the number of subsistence farms 
in the lower basin. 
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At present there is not enough irrigated land to pro
vide agricultural opportunities to those in the basin who 
would like to farm. Of the 39,145 farms in the basin, 
20,677 are in the upper basin and 18,468 are in the 
lower basin. The irrigation of desert lands will provide 
many new farms for servicemen, indu;;trial workers, and 

· others who wish to establlsh themselves in the basin. Con
sequently fewer young people will be forced to migrare 
elsewhere, and to some degree the temporary population 
influx into the lower basin and southern California areas 
during the war period will be absorbed permanently into 
the economic structure of the basin. 

Development of vast mineral resources of the Colorado 
River Basin is awaiting low-cost power. In mineral 
wealth-coal, oil, oil shale, natural gas, copper, gold, 
silver, phosphate, magnesium and numerous others-the 
basin is unsurpassed. The need for these buried treasures 
is growing. Power necessary for additional mineral de
velopment can be supplied by the construction of multi
ple-purpose darns that will sen·e irrigation and other ben
eficial uses. 

Need for improvement in domestic water facilities is 
becoming pressing in some areas and additional water 
supplies are needed also for expansion of many existing 
industries and the development of new industries. 

Lack of transportation facilities,, particularly in the 
upper basin, is hampering the livestock industry. With 
the expansion of agriculture and other industries in the 
basin, transportation facilities "'ill be extended to serve 
areas now remote and isolated. 

It is apparent that full control and utilization of the 
water of the Colorado River system is necessary for addi
tional and continual growth in the basin. It will bring 
greater prosperity to people living '¥.ithin the basin and 
provide opportunities for others who are yet to come. 
Living conditions will be bettered, a broader ta'l: base will 
be established, and at the same time, the need for public 
expenditures for relief of unemployment will diminish. 
A greater population in the basin will bring a solution of 
many of the economic and social problems now resulting 
from extremely sparse settlement. 

It is well established.in this day when goods and serv
ices are freely interchanged among the many parts of the 
Nation and the world, that prosperity cannot be i'Oiated. 
Prosperity in the Colorado River Basin brought by full 
development of water and land resources will have a stim
ulating beneficial effect on the economy of the entire 
country. 



Using 
the 

.Water 

"This clzapter describes the nature and extent of 

present water uses in the Colorado River Basin and out

lines potential projects for beneficial use of all of the 

· water of the entire river system. 

'tAll beneficial uses, including the irrigation of land, 

the production of hydroelectric power, the preservation 

of fish and wildlife, and the enhancement of recreational 

areas, together with the control of floods and silt, and 

the restoration of ground-water levels were taken into 

account in formulating the potential projects." 
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CHAPTER V 

Using the ·water 

More water-water from the Colorado River-is the 
hope of the future. Man cannot govern the amount of 
water that falls as rain and snow, but he can prevent its 
needless waste by careful planning and building of dams, 
canals, power plants, and other works that will so con~ 
trol and conserve it Uiat more water will be available for 
his use. 

A survey of the basin's resources and economic activi
ties not only establishes water as the critical material
the most important natural resource--but focuses atten
tion on what present use is being made of that precious 
material and how it can best be used in the future to serve 
man's various needs. 

This chapter describes the nature and extent of pres
ent water uses in the Colorado River Basin and outlines 
potential projects for beneficial use of all the water of the 
entire river system. Such a basin-wide perspective of 
ultimate potentialities will provide for planning coord
inated development on a sound basis. All beneficial uses, 
including the irrigation of land, the production of hydro
electric power, the preservation of fish and wildlife, and 
the enhancement of recreational areas, together with the 
control of floods and silt, and the restoration of ground
water levels were taken into account in formulating the 

. potential projects. Domestic, municipal, and industrial 
water supplies are planned for a few areas where demands 
are now established, and adaptations for other such uses 
may be made as needs arise. 

The construction of all potential projects described and 
their operation, added to present water uses, would cre
ate a demand for more water than normally is available in 
the river system. Certain of the projects are key units or 
for other reasons hold initial preference in the plan of 
ultimate development. Those could be constructed at 
once as the next phase of river control and utilization. 
Later selection of projects will be influenced by more com· 
plete surveys, cost estimates, stream flow records, and by 
agreement among the respective States as to the alloca
tion of the water which has already been apportioned be
tween the upper and lower basins. 

Estimates of present depletions of the water supply of 
the Colorado River and of future depletions from con· 
struction of potential projects are based on average flows 
during the long-time period of record, 1897 to 1943 in· 

elusive. Depletions are considered to be the reductions in 
virgin stream flow of the Colorado River at Lee Ferry and 
at the international boundary resulting from man-made 
improvements. 

The upper and lower basins are discussed separately 
and each is further divided, to permit more detailed treat
ment of specific areas, into the divisions suggested by 
physical characteristics: the Green, Grand, and San Juan 
divisions in the upper basin, and the Little Colorado, Vir
gin, Boulder, and Gila divisions in the lower basin. (See 
~hapter I.) . 

State maps, one for each of the seven Colorado River 
Basin States, entitled "Water Resources Development, 
Colorado River Basin," showing the location of irrigated 
and irrigable lands, existing and potential resen·oir sites, 
main canals, and other features of existing and potential 
projects for the development of water resources, are in
cluded as an appendix of this report. 

UPPER BASIN 

An area larger than New York, Pennsylvania, and New 
Jersey combined, is tributary to the Colorado River above 
Lee Ferry. This is the Upper Colorado Basin. It in
cludes parts of five Rocky Mountain States. Rimmed by 
some of the highest mountains in America, snowcapped 
throughout the year, it is the source of the greater part of 
the water reaching the Colorado River. 

Within the basin 1,325,000 acres are now irrigated. 
Much of this iriigated acreage produces pasture grasses 
and hay and serves as a home base for livestock grazing 
on the vastly larger areas of range and forest land. Some 
irrigated lands, however, are devoted to more intensive 
farming with vegetables and fruits as chief crops. The 
construction of potential projects outlined in this chapter 
would practically double the upper basin's irrigated area 
and bring supplemental water to half a million acres now 
lacking a full supply. · These potential projects would 
bring water to lands determined by land classification to 
be arable. Vast areas of nf, 've pasture lands, mostly at 
high elevations, were not so lassilied, but would become 
more productiv .. e under irrig tion. These lands have not 
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been ~un'l')t'd, nr•r ha,·t· works hi'Cil clc:-igned hy which 
they might l •e in igatnl, VI hirh atl'nunts for thci r cxdus:on 
from ~1wrific projert plan~;. To pr11ridc for the cn:ntual 
irrigatinn of tht·~t·lands .111•lmi~{ cll.tnt·o,ts areas of arable 
lands 11nt otlH•rwi.,e rowrnl in thl· basin pLm an ultimate 
deph·tiun in the flow of C:.•.orado Rinr at Ll'l· Fnry nf 

500.000 ;urt~·krt cach year i~ tc.-.rn e,l. It is not po&'iblc 
to divide this potential dcpktion among the di\ isit,ns or 
States of the upper basin. 

Sr,mdv a ~tart has bern made in dcn·loping the hy
drorlcrtri:· pmH't' rt·~ourrc.<. nf the upper ba~in. Prt'St'nt 
t;t•nrr :1tion l•f :no mill inn kiltlW<ttt hours am~tdly coulll 
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be incrfa~ed 28 times with full development of water re
source~ in the basin. 

The exportation of water for use in adjoining basins, 
now a\craging only about 184.000 acre-feet annually, is 
only 6 percent of ultimate potentialities, if it were not for 
limitations of the Colorado River Compact. In present
ing possible exportations of water from the upper basin 
to the adjoining North Platte, South Platte, Arkansas, Rio 
Grande, and Bonneviiie Basins it is contemplated that ap
propriate understandings will be reached between repre
sentatives of both the exporting and importing basins con
enning the manner in which such projects shall be con
structed and operated to safeguard within the upper 
basin the veo;ted and future rights in irrigation; to pre
serve fishing and recreational facilitie<> and scenic attrac
tions; to maintain conditions of river flow for the benefit 
of local dome<>tic uses and sanitary purposes; and to 
utilize the waters for irrigation, power, industrial devel
opment and other purposes, in such a manner that the 
greatest benefits are realized. 

Green Division 

The Green River drains 45,000 square mile<> in Wy
oming, Utah, and Colorado. Its drainage area is 70 per
cent larger than that of the Colorado River above their 
junction, but its average annual contribution to the Col
orado River is only 44 percent of the combined flows of 
the two streams at their confluence. 

Average annual flows of the Green River and its prin
cipal tributaries for the longe<>t period of record and for 
the 1931-40 decade, the drieo;t period of record, are shown 
in the following table: 

TABLE X.'XIX.-Average annual stream flows in the Green 
division 

~tat ion Period of 
record 

GrePn River at Daniel, Wyo. 
, (Warren Bridge) _________ 19:~4-4:3 

:-lew Fork at l:lould~>r, Wyo .• 2 11115-43 
Henrys Fork at Linwood 

l:tah__ ... __________ ---~ _ 1929--43 
Green River at Linwood, 

l.tah ____________________ 1929--43 
Yampa River at 1\laybell, 

Colo.-------_. __ .•• ___ . _I 1917-43 
Brush Cre<'k at Jensen, t'tah. 1940-43 
:\,hlcy Cr(l('k at Vema!, lltah.l1915-43 
\Yhite Rin•r at Wal$on, Utah. 1924-43 
(,re<m River at Green River 

l"tah ...... __ .......... '. 1901}-43 
San Hafacl Rh•er at Tidwell. 

l'tah .................. :.lt91H8 
I 

I E«=tlffit\tl'c'\. 

I Uucurds uut oompl('te. 

A vel'll!te annual How 
(acrc·!t.) 

For period For 10~1-40 
of record period 

339, 000 I 320, 000 
281, 000 225, 000 

54, 000 44, 000 

1, 234, 000 1, 066, 000 

1, 065, 000 
16,000 
75,000 

549,000 

952, 000 
I 15, 000 

51<, 000 
452,000 

4, 902, 000 3, 370, 000 

190, 000 I 132, 000 
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Flows of the Green River and its tributarb are great· 
est in the spring when mountain snows are melting. 
About 60 percent of the annual run-off occurs during 
April, May, and June. Late summer flows are extremely 
low. Storage is necessary for regulation of the flood run
off to furnish supplemental water to lands lacking a de
pendable supply, to provide irrigation water to lands still 
undeveloped, to permit diversion of surplus water to ad
joining basins, and for the production of firm power. 

The streams emerge from canyons relatively clear and 
pure but pick up some alkali in the valleys, especially in 
late summer when return flows from irrigation are high. 
Run-off from raw shale beds along LaBarge, Fontenelle, 

· Big Sandy, and Bitter Creeks and Strawberry River car
ries a fairly high salt concentration, a danger that must 
be recognized and studied further in planning future de
velopment. Heavier concentration may result from ex
panded irrigation, from increased exportation of pure 
water from the stream heads, and from re<>ervoir evapora
tion. Silt is not prevalent enough in streams of the Green 
River Basin to constitute a serious problem. 

Development of ground water re<>ources in the Green 
River Basin has been limited to a few small wells for 
stockwatering and domestic use<>. Some water obtained 
from wells is heavily charged with minerals. Neither 
the quality nor the quantity of ground water now devel
oped is indicative of any substantial use of water from 
wells for irrigation in the future. Hot springs at Steam
boat Springs, Colorado, are the largest of three spring 
areas in the Yampa River Basin. 

PRESENT DEVELOPMENT OF WATER RESOURCES 

Irrigation accounts for the greatest use of Green River 
water at present. Homes, cities, livestock, and indus
tries consume necessary but comparatively small quanti
ties. Five small hydroelectric power installations on trib
utary streams serve rural areas. Streams and lake<> are 
natural spawning waters for fish, and the mountains and 
valleys are habitat for wildlife; but little has been done to

1 improve natural conditions. 
Irrigation within the Green River Basin commenced in 

1854 when Mormon pioneers established old Fort Supply 
in Wyoming on their immigrant trail and diverted water 
from Blacks Fork onto adjacent land. From this humble 
beginning progress has been slow. The short growing 
season, particularly in the upper Green River Basin in 
Wyoming, limits the kinds of crops that can be grown suc
cessfully. The greater part of the Uinta Basin was e<>tab
Jished as an Indian reo;ervation in 1861 and lands unoccu· 
pied by Indians were not opened to settlement until 1905. 
The remoteness of much of the b~in from railroads has 
also slowed agricultural progress, but with the growth of 
highway transportation this disadvantage may largely be 
overcome. 
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Approximately 571,000 acrt.S in the Gre~n River ~asin 
are now irrigated and 11,470 acres more will be pronded 
water through works now being constructed. Most of the 
pre;ent use is by simple diversions and easily constructed 
canals. A large part of these lands suffer late-season 
water shortages. Some water from tributaries of the 
Duchesne, Price, and San Rafael Rivers in the Green 
River Basin is e.xported westward to the Bonneville Basin 
in Utah. .. -- · 

Present development of water resources in the Green 
River division is discussed in more detail under four sub
divi~ions: (1) Upper Green River Basin, (2) Yampa and 
White Rh·er Basins, (3) Uinta Basin, and ( 4) Price and 
San Rafael River Basins. 

Uf',IJer Green Rit·er Basin.-This area extends from 
the headwaters of the Green River down to the Y an1pa 
River which enters the main stream from the east in 
Colorado. It is about 90 percent in Wyoming, with the 
remainder in Utah and Colorado. 

Irrigation development in this area includes numerous 
ccrrununity or privately owned ditches and small reser
voirs. Ditches divert at frequent intervals along the 
streams. 1\!ost of them have been constructed and are 
maintained at minimum expense. It is common for 
farmers to have individual ditches, and in some cases 
single farms are served by several ditches diverting from 
a stream at different points. In addition to many small 
irrigation reservoirs and stock-\\ atering ponds, 17 reser
voirs with capacities of 1,000 acre-feet or more, all con
structed by prh·ate interests, are distnbuted throughout 
the basin. Private holdings of irrigated land are large. 
~!0!\t arc hay-producing ranches, varying from a few 
acres to several thousand acres. 

The Eden project, being rehabilitated and extended 
by the Bureau of Reclamation, is the only Federal irriga
tion project in the upper Green River Basin. As author
ized in 1940, the project \\ill furnish a full or supplemental 
irrigation supply for 20,000 acres. Surplus flows of Big 
Sandy Creek will be stored in Big Sandy Reservoir No.2, 
to ha"e a capacity of 35,000 acre-feet, for use on project 
lands. With completion of the Eden project, 245,660 
acres in the upper Green River Basin will be irrigated. 

The seven existing power plants in this subdivi•ion in
clude only one small hydrodectric derclopme1.t with a 
capacity of 150 kilowltlS. Mo~t of the energy is gen
eratL·d at four steamplanlS and is used largely for coal 
mining. There are no intcrconnertions with outside 
1')'!>tcnu.. 

rampa and White Rh'a Basi11s.-The Yampa and 
White Rhm, tlo\\:illg we~tward. anJ generally parallel, 
drain the eastern arm uf the Green River B-ll>in. The 
greater pan of their Jrainage b;L,ir.s is in nort.hwcstem 
Colorado and the remainder is in wutht·m Wyoming and 
ea.~tern Utah. 

Within tbe two ba.~ins 117 ,:!30 arres are nuw irrigated. 
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Most of the irrigated lands are along river or creek bot
toms, with only a few small areas on benches from 20 to 
40 feet above stream beds. D:versions are made through 
numerous community or privately O'h11t'd ditches. Water 
is stored in several small reservoirs, capacities of which 
tota114,500 acre-feet. These reservoirs have been built 
at minimum expense to sen·e lands belonging to only a 
few operators. Some of the resen·oirs have not been 
used in recent years because their dams were considered 
unsafe. 

A 200-kilowatt power plant at Uecker, Colo., is the 
only hydroelectric development in these basins. A 4,250-
kilowatt plant at McGregor and a 375-kilowatt plant at 
Meeker, both steam-electric, furnish most of the power 
used in the area. 

Uinta Basin.-The Uinta Basin, as considered in this 
report, includes areas drained by the Duchesne River, and 
Ashley, Brush, '\'illow and Minnie ~Iaud Creeks. The 
drainage area is entirely in northeastern Utah, and ex
cept for the Willow Creek drainage is west of Green River. 
The Green River channel from the Yampa River to 
Minnie )laud Creek is considered to be within the Uinta 
B.~Sin. 

Irrigated lands within the Uinta Basin amount to 165,-
600 acres, most of which is short of late-season water. 
Indians once owned 77,000 acres of irrigated land in this 
basin but have sold 25,300 acres. Present regulations 
prevent sales and limit leases. In 194:2 Indians leased 
26,200 acres, cultivating only 11,800 acres themselves. 

Sixteen Government-built main canals and six small 
ditches make up the Indian irrigation system, totaling 162 
miles of canal and 633 miles of laterals and sublaterals. 
Indian water rights were established before unoccupied 
lands in the resen·ation area were opened to outside set
tlers. Consequently their primary rights consume all late
season water of the Duchesne Ri\·er and its tributaries, 
leaving white-owned lands critically short. In normal 
years Indian la11ds receive enough water, but they would 
profit by storage regulation to pro, ide better seasonal dis
tribution. No storage resen·oirs ha,·e been con.~tructed 
for Indian lands. 

Throughout the basin white settlers h:n·e organized 
mutual irrigation lompanies for the purpose of building 
irrigation works and distributing water. Private 
diversions are largely limited to tributary streams and 
springs. 

Sening Vinta Basin lands are 28 reser\oirs, some very 
~mall, with a total storage capacity of i4,000 acre-ft'et. 
~lore than half of this was provided by the Bureau of 
Rl'cbmation with the construction of tl1e ~foon Lake 
pn•ject ( 1933-38), which includes Moon Lake anJ Mid
view Rcsen·oirs. Water from Strawbc~· \'alley Reser
voir, constructed in 1913 on Strawbcrl)' River as one of 
the earlier Bureau of Reclamation de\'cll1pmeots, is ex
ported westward by tunnel to ):mJs in the Btmne,·ilk 
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Basin. The Duchesne Tunnel, to divert water from the 
Dm:hcsne River to the Bonncdlle Basin, is now under 
con~truction as a unit of the Provo River project. When 
completed it will export annually an average of 32,000 
acre-feet of flood water from the Colorado River Basin. 

The four existing power developments include one 
Diesel and three small hydroelectric plants, with combined 
capacities of 2,050 kilowatts. There are no connections 
with plants outside the Uinta Basin. 

Price and San Rafael Riuer Basins.-Adjacent to each 
other, these two basins are in east central Utah. Both 
the Price and San Rafael Rivers originate on the eastern 
slope of the Wasatch Mountains and flow southeast in 
parallel courses to Green River. The Green River chan~ 
ncl from Minnie Maud Creek to the Colorado River, for 
convenience, is considered as a part of the Price and San · 
Rafael Basin area. 

Within this area 15,970 acres are irrigated from Price 
River, 35,250 from San Rafael River and 2,820 acres 
from Green River, thus aggregating 54,040 acres. At 
one time 25,000 acres were irrigated from Price River, 
but poor soil, erosion, and alkali have caused the irrigated 
area to be reduced to its present size. Any future ex~ 
pansion of irrigation to new areas is expected to be accom~ 
panied by abandonment of a less productive area now ir· 
rigated. ' 

Natural flows of Price River are supplemented for ir· 
rigation by releases from the Scofield Reservoir on Price 
River. Scofield Dam, constructed by private interests in 
1926 to impound 61,000 acre-feet of water, partially 
failed 2 years later. For safety, storage has since been re
stricted to 30,000 acre-feet. The Bureau of Reclamation 
was authorized to replace this dam and in 1943 began 
construction of a new dam 800 feet downstream. The 
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reservoir formed by this new dam will have a capacity 
of 73,000 acre-feet of water, 30,000 acre-feet of which 
will replace the usable capacity behind the old dam, and 
8,000 acre-feet will be reserved for fish propagation. The 

• remaining 35,000 acre-feet will be held for a time by the 
United States and ultimately used to store water for irri
ga~ng Price River lands in exchange for other water e..x
ported from high tributaries of the Price River to the 
Bonneville Basin. 

Huntington, Cottonwood, and Ferron Creeks are the 
sources of irrigation supply in the San Rafael Basin, each 
serving independent areas with irrigation companies dis
tributing the flow of each stream. Storage capacity ag
gregates 5,875 acre-feet on Huntington Creek and 1,310 
acre-feet on Ferron Creek. Late-season water shortages 
are most acute in the Huntington Creek area where the 
acreage irrigated is greatest in proportion to the available 
water. Eleven small projects,· including the Sanpete 
project (Ephraim and Spring City tunnels) constructed 
by the Bureau of Reclamation, divert flood water west
ward to the Bonneville Basin. 

The lands irrigated direcdy from Green River are in 
the vicinity of Green River, Utah, and are served mosdy 
by pumping. 

Water piped from tributary streams and springs sup
plies larger municipalities in the Price and San Rafael 
River Basins. No electric power is produced. Trans
mission lines carry power into the area from the Bonne
ville Basin to the west. 

Summary.-The following tables summarize present 
irrigation developments in the Green division showing the 
more important reservoirs, areas irrigated, estimated 
stream depletion by water consumed within the basin, and 
amounts exported to adjacent basins. 

TABLE XXX.-lrrigation reservoirs in the Green division 1 

Subdivision and reservoir Source o! wator 

Upper Green River Basin: 
~~lln~OI!.J:ke_ ___ ............ --. -~- .. ·-· 

See footnotes at end ot table. 

Location rapacity 
(B<TP·feet) 

22,700 
15, 120 
12, 820 
12, 300 
35,000 
10, 760 
4, 330 
4, 200 
3, 930 
2,000 
1, 870 
I, 790 
1, 450 
1, 400 
I, 22G · 
I, 100 
1, 090 
1, 060 

5, 500 
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TABLE XXX.-lrrigation reservoirs in the Green dizision 1--Continucd 

1 Location I (~ci:,~~!ij I _______ I __ _ 
Subdivision and reservoir Sou ret of wn tt:r 

Uinta Basin: • i 
Rtrawh('rry ____________ • _ _ __ _ _____ Strawberry Riwr ______ . __ . ___ . __ • ___________ , l:tah _____ _ 283,000 
Moon Lake.------------------ Lake Fork Riv!'r______________ _ _____ do _______ _ 
Oak.'l Park ________ --------_ •.• ____ ._.____ Bm,h Crec•k______ _ ________________ i_ ___ .do ___________ . 

I 3.j, 800 

rr~;~~~~-~a~t:=~~: ~: ~::: =::: ~ ::: ~~= ~ ~::::: 1-~~~~g~~:-:~~~~~~=: = ::::::::::::::: ==:::: = :!: : = ==~~== ::: ~ ~~ ~~ ~ ~ 
1 lnrlutll-s ~nb• fPSPrvvirs with capa~ltit'l! of more than 1,000 acrf'-IL>et. 
I Proj<-ct uniler ronstructiun. 

J Wat~r US<'<! in Wyoming. 

6, 730 
5, 790 
3, 9?:i0 
3, 920 
3, 140 
2, 700. 
2, 370 
1, 300 
I, 260 
1, 200 

73,000 
3. 500 
2, 460 
2, 315 
1. 200 

TABLE XX.XI.-Present irrigatl'd areas in the Grun division 
by Stales 

TABLE X.."\XII.-Estimated present average annual water 
consumption in Green division 

I Acr•s irrigated Water consumed (acre-r~~t) 

I Color..Jo I t"tah I Wyummg I Totlll 

------~ • I ~--

Subdtvislon ilubdh'lsion 

Colorado / t'tab f Wyoming [ Total 

---~---...,.~-- I i 

l'pper GJ'('en Rher RasinJ 1, 8-10' 9, 430,'1 234, 390t1 245, 660 
Yampa and White Rin-r 

1 

I I 
rpp<'r GJ'('('n River Ba..•in., 2 ooo1 18, ()()0.1 372. 000 I 392, 000 
Yampa. and White HiYer !, ' i : ' 

__ lla..<ins.~---·--·-----· 104, 030! 50
1 

13, 150, 1~!· 2ao 
l.mta lla~m .••••.•.•.•. , 0, 165,600: 01 16a, 600 

ha..<ins .•.•. ----------1 113,000, 0 19,000 132,000 
l'mta Ba..~in ............ : 0, 243,000, o: 243,000 

l'rie~_ and .San Uafael j ! 1 j 
Un er lla..~ms _____ • __ .. O: 54, 040

1 

0
1 

54, 040 

TotaL •••..••••• ,l05, 870: 229, 120:• 247,540,1 582,530 

Pril'e and San Rafael 1 · ' 

Hh·er lla,ius.- ...... -I 0
1 

97, ooo; 0 97, 000 
~----·---.---.---

TotaL •.• ------ -I 115, ooo' 3.'38, 000 I 391, 000 I !-i64, 000 
I 1 

• lncludrs ll ,470 am:s of n•w Jan<! tu F:<len proj~ct, und~r construction. t!nrludes 17,000 a~IOPtlur Ed•n prujt'<'!, under oonstruttion. 

TABLE XXXIII.-Estimated pment average annual u·ater l'xports from Grct'n dil'ision 

__ s_·u-bd_l_,.~_•l_on_a_n_J_pro_J<_-<_1 _• ____ j ___ F:xr•Jrtilt~ Sll'1"11rn, Gr.'('n Rirt'r Htl~in --~---'-m_rlO_rt_in_¥ stfl'am, Bonn~viUr Ila.<in l_Acr"'~':'_ 

t'inta R~~J:in: I ! 
Daniel Creek..................... !'tra11hern· Hiver_____ --·-·-----1 ntuJit'l~ ('J'('ek _____________________ __l 
1-\trawll{'rn· \'i<ll('V, do . ' !o>pan' I }' k n· ·er i 
l'rovo Hil:'-'r a ___ :~_-::::~:::::::::: ·uu~IH·s~;;. Iii~·~.;::.::~::-:::::::.:~:::! l'rov~ IUv~~----·~--~:: ::::::---- · · · ·:r 

Prire and !'an Hafad flivt>r B"-'<in~: I I 
Batnp!·t~· 1 .................... Cottouwood ('reek·····-···-·---- __ Oak ('J'('t•k __________________________ , 

]ln........................ . .. du .•• ____________ ------------ Ephraim l'l'N·k ___________________ -: 
1\1 ifrrllam'Otl>< JlrOjt<<'l-1!1 :;\ o.: 1 

L .......... --------·--·----- llulltinl{ton Crt-t•k.____ _ _ _ ..... l 
L · ·- ·-- ·-- -·-- l:m·l' ltiHr -,-- ·- ·- · ·--- · • • · ·--- ·- Trihutarit~ of ~nJutrh Hh···r.--6................. (utt.oii\\Oml(rt't'k ................... , 

2 ;:~,::_::::: __ - ---- -- ::· .. , , •• ,,_ :·::· ::::: .. 1-
1 A llr•tul•·l'l• "'" ho t' t~h. 
' ( '-""trut·t··d hy illm·•u ill lln·lllmol ion. 

3, 500 
66.000 
32.000 

4, 000 
4. 000 

4, 000 
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Pon::"TIAL DEVELOPMENT oF WATER RESOURCES 

Thirty-three potential projects are outlined for use of 
water in tl1e Green division. These projects would be 
primarily for irrigation and power prod~ctioh, b~t. w~uld 
have incidental value for flood control, s1lt retentiOn, nver 
rc"ulation recreation and fish and wildlife conservation. 

In addi~ion eleven' projects, including two alternative 
srhemes, are mentioned which would export an average of 
l,J37,700 acre-feet of water annually from the G1cen 
River Basin to adjoining basins for irrigation and inci
dental power production. 

Potential irrigation development in the division could 
provide a full supply of water for 639,650 acres of new 
land and a supplemental supply for 270,730 acres now 
inadequately irrigated. The present irrigated area thus . 
would be more than doubled and about 50 percent of the 
lands now irrigated would receive supplemental water. 

Eleven power plants could be constructed in the di
,·i~ion having a total installed generating capacity of 460,-
000 kilowatts. Large reservoirs on the main stream 
would regulate the flow for power production and would 
help stabilize the flow of the Colorado River at Lee Ferry. 

Cpper Green River Basin 

Six potential projects, one having nine separate units, 
are outlined for use of water in the upper Green River 
Basin; four of these would provide an increased water 
supply for irrigation and would be primarily for power 
production.~ Two additional projects which would ex
port surplus water to adjoining basins are also described. 

Sublette project.-This project includes all of the po· 
tential developments for irrigation and power production 
within the Green River Ba.•in upstream from Green River, 
Wyo. The nine units comprising the project are interre
lated. Return flows from irrigation of the units at higher 
elevations would augment the water supplies for the lower 
units. In all 251,080 acres of dry land, and 46,260 acres 
now inadequately irrigated would receive water. Only 
one small power plant is included in this project (Elkhorn 
unit). 

West Side unit would provide'irrigation water for the 
northern part of the basin adjacent to Beaver, Horse,, 
Cottonwood, and Piney Creeks, all tributaries of the 
Green River. A canal heading at a reservoir (capacity 
3+0,000 acre-feet) at the Kendall site and extending 
south and west 105 miles could serve 66,050 acres, of 
which 37,000 acres are now inadequately irrigated and 
29,050 acres are new land in need of a full water supply. 

Daniel unit would irrigate small patches of river bottom 
land, amounting to 5,160 acres of new land between Ken
dall reservoir site and the mouth of New Fork River. En
largement and extension of exi.~ting ditches would be re-
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quired. A r~ervoir at the Kendall site would provide 
necessary storage. 

Elkhorn unit would irrigate 134,030 acres of new land 
on the east side of Green River between Kendall reservoir 
site and Pacific Creek near Eden, Wyo., by a 160-mile 
main canal heading at Kendall Reservoir and collecting 
sutplus flows from Green River) New Fork River, and 
Big Sand Creek. Storage would be provided by Ken
dall, Burnt Lake (capacity 25,000 acre-feet), and Boul
der Lake ( 180,000 acre-feet) reservoirs. A tunnel 1,800 
feet long would tap Burnt Lake Reservoir and deliver the 
water to a penstock where a head of 530 feet would be. 
utilized at a 1,500-kilowatt plant, capable of producing 
9,000,000 kilowatt-hours of energy annually. Water 
used for energy generation would be reregulated at Boul
der Lake Reservoir for irrigation purposes. 

Paradise unit would involve pumping water from New 
Fork River to irrigate 4,490 acres of new land along the 
river below the mouth of Boulder Creek. Seasonal power 
from ·the Burnt Lake power plant (Elkhorn unit) would 
be sufficient for a 32-foot pumping lift. Natural and 
return flows would be ample without providing reservoir 
storage. 

Eden project extension unit would bring into cultiva
tion 20,250 acres in addition to the 11,4 70 acres of new 
land and 8,53e> acres of insufficiently irrigated land near 
Eden, Wyo., that will be sen·ed when the Bureau of Rec
lamation completes the construction of the Eden project. 
This additional acreage of new land could be irrigated by 
constnu.:ting 12 miles of new canal and extending laterals 
phinned in the present construction program. Return 
flows to Big Sandy Creek from upstream irrigation would 
provide a full water supply. 

Lower Big Sandy unit would furnish a full water sup
ply to irrigable lands totaling 11)850 acres on both sides 
of Big Sandy Creek near its confluence 'l'.ith Green River 
by gravity diversion of irrigation return flows reaching the 
creek. 

LaBarge unit could bring water to 3,370 acres of new 
land and 5,540 acres of land now insufficiently irrigated 
near LaBarge, Wyo. A reservoir of 10,000 acre-feet 
capacity at the LaBarge Meadows site on LaBarge Creek, 
together with some new canals and laterals would be re-
quired. · 

Fontenelle unit would require a 5,000 acre-foot res
ervoir at the Minnie Holden site on Fontenelle Creek with 
enlargements and extensions of the present distribution 
system in order to provide water for 2,050 acres of new 
land and 3,720 acres now larking an adequate supply 
along both sides of Fontenelle Creek. 

Seedskadee unit would serve 40,830 acres of rich irri
gable lands located along both sides of Green River below 
its confluence with Fontenelle Creek. With the excep
tion of 4,500 acres which would have to be reached by a 
33-foot pump lift, the lands could be irrigated by gravity 
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diversions from the Green ,River. No reservoir storage 
would be required. If Fontenelle Dam, a feature of the 
potential Green River-Bear River Diversion project, is 
constructed, diversion of water for this unit could be 
greatly simplified by canals heading in Fontenelle Reser
voir at high elevations. 

Opal project.-To serve 16,020 acres of new land and 
· 5,400 acres now insufficiently irrigated in the Hams Fork 
area, two new canals diverting southward from Hams 
Fork and a reservoir with 60,000 acre-feet capacity at 
the Middle Hams Fork site would have to be provided. 

Lyman project.--Storage in an oii-stream reservoir of 
30,000 acre-feet capacity at the Bridger site would fur
nish supplemental water to 20,910 acres along Blacks 
Fork River. The reservoir could be fed by canals from 
Blacks Fork and the West Fork of Smiths Fork. Down· 
stream from these lands are 3,100 acres which could be 
irrigated from return flow if an additional new canal were 
constntcted. Also in the vicinity of the Lyman project 
lands are .7 ,950 acres under present canals but not now 
irrigated. Water for these lands could be obtained by 
the construction of a canal to bring water from the 
Henrys Fork project. 

Henrys Fork project.-This project wo~ld serve 21,090 
acres of irrigated land and 9,190 acres of new land in the 
Henrys Fork and Sheep Creek areas and in addition the 
7,950 acres of new land in the Lyman area. Full de
velopment would require utilization of the Big Basin 
natural reservoir site for the storing of 107,000 acre-feet 
of water. This reservoir could be formed by the con
struction of only a small dike, water being supplied from 
the tributaries of Henrys Fork through a feeder canal. 
An outlet canal from the reservoir to Henrys Fork lands 
and the enlargement and extension of the present inter
state canal would be required. To serve the new lands 
in the Lyman area a 30-mile canal extending west from 
the reservoir would be needed. 

Flaming Gorge project.-Flaming Gorge and Horse
shoe Canyon on the Green River, 3 to 4 miles south of 
the Wyoming-Utah boundary, present several altema· 
tive sites for a dam to provide for power production and 
stream regulation. A dam at a point on the river where 
the water surface elevation is about 5,84-0 feet above sea 
level could raise the water surface to rlevatiou 5,995 feet, 
forming a reservoir with a total capacity of 1,500,000 
acre-feet and an active capacity of 1,050,000 acre-feet. 
The reservoir would be 55 miles long and would reach 
to within 10 miles of Green River, Wyo., and transcon· 
tinental highway U S 30. From tl1e reservoir a tun
nel could be driven 4 miles to the point where Skull Creek 
joins the Grren River 17 miles downstream from the dam 
Ly river route. A short penstock from the tunnel portal 
would carry water to a pov. er plant at the mouth of Skull 
Creek, where the tailw;ltcr elevation would be 5 700 feet 
and the maximum static power head 295 feet. 'with an 
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installed capacity of 30,000 kilowatts this power plant 
could produce 158 million kilowatt-hours of firm energy 
annually. 

Red Canyon pro}ect.-The Red Canyon dam site on 
Green River is 8 miles east of the mouth of Skull Creek 
where the Flaming Gorge power plant would be located. 
In meandering between the two locations the river flows 
13 miles and drops 131 feet. This full drop could be 
utilized for power production by means of a dam at the 
Red Canyon site and a power plant with an installed 
capacity of 12,000 kilowatts. The annual firm power 
production would amount to 68 million kilowatt-hours. 
The reservoir, confined within near-vertical canyon walls, 
would have a capacity of 50,000 acre-feet. Stream reg
ulation would have to be provided from the Flaming 
Gorge development. , 

South Pass diversion project.-With a 31-mile collect
ing canal, 8 miles of· which would be in rock, to divert 
flows of East Fork River (tributary to New Fork), Big 
Sandy Creek, and Little Sandy Creek to Landor Creek an 
annual average of 50,000 acre-feet of \Yater could be ex
ported from the Green River Basin for use in the Mis
souri River Basin. The water would supplement flows 
of North Platte River for irrigating lands in Wyoming. 

Green River-Bear River diversion project.-This proj
ect would consist of two separate units which would ex
port approximately 337,000 acre-feet of water annually 
from the Green River Basin to Bear River in the Bonne
ville Basin for irrigation of lands in Wyoming and Utah 
and for the production of power. Allowing 20,000 acre
feet for reservoir evaporation the total depletion to the 
Green River by construction of both units would amount 
to 35 7,000 acre-feet. 

Hams Fork-Twin Creek unit would export 37,000 acre
feet annually from Hams Fork and LaBarge and Fon
tenelle Creeks to Twin Creek, tributary of Bear River. 
The construction of 41 miles of canal, including three 
tunnels with combined lengths of 5.1 miles, would be re
quired. Collected flows from all three streams would be 
regulated by Middle Hams Fork Reservoir, also a feature 
of the Opal project. To regulate the additional flows 
for c.xport the reservoir capacity would have to be en
larged from 60,000 to 170,000 acre-feet 

Green Rizw-Smiths Fork unit would export 300,000 
. acre-feet of water annually from the Green River to 
Smiths Fork, a tributary of Bear River, by means of a 37-
mile tunnel hl'ading near LaBarge, "'yo., at the potential 
·fontendle Rrscrvoir (capacity 400,000 acrc-ft:ct). Be
cause of rf'!lervoir evaporation the actual depletion to the 
Green River by construction of this unit would be 320,· 
000 acre-feet annually. 

l'amj1a a11d White Riz·cr Basins 

Twel"e projects for ultimate development of water re
somces within these basins are outlined. Ten are pri-
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marily for expansion of irrigation and two are mainly for 
power production. In addition two plans, one of which 
is an alternative, to export surplus water to the adjoining 
North Platte Basin are described as possibilities. 

Little Snake River project.-With the development of 
this project 92,110 acres of new land and 15,710 acres 
Mw partially· irrigated would be furnished irrigation 
water and 43,000,000 kilowatt-hours of firm power would 
be produced annually. A reservoir of 15,000 acre-feet 
capacity at the Savery site on Savery Creek could supple· 
ment natural flows in irrigating lands both along the 
Little Snake River below the point where Savery Creek 
enters from the north. The enlargement and extension 
of present canals and the construction of a new canal 
diverting from Savery Creek would be needed to serve 
lands on Dolan .Mesa, north of Little Snake River. 

Two reservoirs would be provided on Slater Creek, 
which flows northward into the Little Snake River. The 
higher reservoir at Columbus Mountain site, . with a 
capacity of 125,000 acre-feet, would receive moot of its 
water by feeder canals from the Middle Fork of the Little 
Snake River and from Elk River, a tributary of theY ampa 
River. Water released from this reservoir would be 
diverted just above Slater Falls and carried by a canal 
3)12 miles long to a 7,500-kilowatt power plant where a 
power head of 454 feet could be utilized. Tailwater in 
sununer would be diverted into the potential Great Di
vide canal and canjed to 31,000 acres of new land. 
Twelve miles downstream from the power plant is the Pot 
Hook reservoir site. A reservoir at this site with a capac
ity of 85,000 acre-feet would store winter power releases 
and spring inflow to Slater Creek below the Columbus 
l\fountain Reservoir. Water from the Pot Hook Reser
voir would be conveyed by the potential Pot Hook canal, 
heading at the junction of Slater Creek and Little Snake 
River, to 44,000 acres of new land south of the Little 
Snake River and below lands served from the Great Di
vide canal. 

Upper Yampa project.-The irrigation of 11,140 acres 
of cultivated land and 3,460 acres of new land along the 
upper Y arripa River both above and below the town of 
Yampa, Colo., would be possible with storage in the 
Yampa River Reservoir No.4, with a capacity of 14,000 
acre-feet, to supplement natural flows and existing 
storage. 

Wessels project.-This project would serve 6,010 acres 
of new land on benches above present canals and 380 
acres now irrigated but in need of a supplemental supply 
near Steamboat Springs, Colo. The natural flow of the 
Yampa River augmented by releases from a 15,000 acre
foot reservoir at the Upper Bear site on the Yampa River 
would provide sufficient water for" irrigation. 

Mount Harris project.-Supplemental water would be 
furnished to 1,4.)0 acres of cultivated land and a new 
supply to 16,600 acres of dry land with the development 
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of this project. These lands, covering rolling benches 
south of the Yampa River between Steamboat Springs 
and Craig, Colo., are mosdy on the Hayden Mesa with 
only a small part .in the Twenty Mile Park area. Dunk
ley Reservoir on Fish Creek with a capacity of 30,000 
acre-feet could store water delivered by feeder canals 
from Williams Fork River and Trout, Middle, and Foidcl 
Creeks. Canals would have to be built to carry the water 

, released for irrigation to the project area. 
1 Great Northern project.-Full irrigation service for 

1
! 6,010 acres of dry land and 3,260 acres of irrigated land 
'In need of more water along and between Elkhead and 
Fortification Creeks, northern tributaries to the Yampa 
Ri,·er, is possible. A reservoir of 30,000 acre-feet capac
ity at the California Park site on Elkhead Creek could be 
fed in part by a feeder canal from Elk River. Water 
stored in the reservoir would supplement natural flows of 
the two creeks. A new canal, system would be required 
to carry the water to the lands. 

l'ellow fackl't project.-Water for irrigating 31,820 
acres of new land and 5,950 acres of land requiring sup
plemental watrT would be furnished with the develop
ment of this project. Most of the land lies on benches 
south of theY ampa River between the mouth of Williams 
Fork and Mayb~ll, Colo., but 11,790 acres are along 
northern tributaries of the White River, north and east of 
Meeker, Colo. The irrigation supply would come from 
White River and Milk Creek, a tributary of the Yampa 
River. A reservoir of 30,000 acre-feet capacity at the 
Thornburgh Site on Milk Creek could serve project lands 
in the Yampa River drainage area. A canal to carry the 
unregulated flow of the White River could partlx supply 
the reservoir and could serve adequately project lands 
along White River tributaries. 

Deadman Bench project.-This multiple-purpose proj
ect would bring irrigation water to 89,720 acres of new 
land, 28,540 acres of which are in Colorado and 61,180 
acres_ in Utah. It would also produce 87 million kilowatt. 
hours of firm energy annually and provide stream regula
tion, flood control, silt control, and recreational oppor
tunities. A dam across the Yampa River at the Juniper 
site, 2t miles west of Craig, Colo., raising the water level 
185 feet, from the present river elevation of 5,945 feet up 
to 6,130 feet, would create a reservoir 20 miles long with 
a capaqity of 1,250,000 acre-feet. Of the total reservoir 
capacity 60,000 acre-feet would be used for irrigation, 
740,000 acre-feet for power production and flood control, 
and 450,000 acre-feet reserved as inactive, but useful for 
silt corfu.ol, fish propagation, and recreational purposes. 
The power plant at the base of the dam would have an 
installed capacity of 15,000 kilowatts. The irrigation 
canal would divert from the reservoir 120 feet above 
stream bed and would carry water to new lands on Dead
man Bench between the Yampa and White Rivers. 

Maybell project,-Water released from Juniper Reser-
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voir through the power plant into the Yampa River could 

1 

another canal would bring water into the basin from Elk 
be conveyed by a canal to 8,540 acres of dry land along , River, a tributary of the Yampa River (Little Snake River 
the Yampa River below the reservoir and near the mouth project). An alternati,·e J!lan would eliminate both of 
of Little Snake River. these transmountain canals and also the potential Colum-

Cross Mountain project.-The Yampa River below the bus Mountain Reservoir and Slater Falls power develop-
Juniper reservoir site flows into Maybell Valley. Cross ment (Little Snake River project), which would be de-
l\fou11tain blocks the lower end of the valley except for a pendent largely upon water imported from Elk River. 
na,rrow chasm through which the river escapes. By driv- Additional main stream storage on the Little Snake River 
ing a tunnel2.3 miles through the mountain and construct- at either the Sheep Mountain or the Three Forks sites 
ing a low diversion dam at the canyon head to divert the could furnish part of the water supply that would have 
ri' cr into the tunnel, a fall of 175 feet could be utilized. , been brought from Elk River to lands in the Little Snake 
The dam at river elevation 5,810 feet would be only 15 · River Basin. Approximately 75,000 acre-feet of the flow 
feet l1igh anc;l the backwater would flood only a few acre.1, of Elk River thus would be available annually for diversion 
The power plant would have an installed capacit'· of by tunnel to the 'North Platte River for use on lands in 
18,000 kilowatts, and with stream regulation provide by Colorado and Wyoming. Further field investigations 
the upstream Juniper Reservoir, would have an an ual and an allocation of .water between Wyoming and Colo-
firm production of 99 million kilowatt-hours. rado are prerequisites to final adoption of a plan of 

Lily Park project.-The Little Snake River unites with development. 
the Yampa River in Lily Park. A few miles below the 
confluence of the rivers the valley narrows. Here where 
the.river enters a canyon is the Lily Park power site. The 
present river surface at the site is at elevation 5,580 feet 
above sea level. A dam could be constructed to raise the 
surface 70 feet thus backing the water about 6 miles up 
the Little Snake River and 12 miles up the Yampa River to 
Cross Mountain. With the water surface at a maximum 
elevation of 5,650 feet the reservoir capacity would only 
be 75,000 acre-feet. Some hay land would be flooded. 
A larger reservoir is not needed for regulation of the 
stream below the Juniper Reservoir. Little Snake River 
would be partially regulated by upstream irrigation. de
velopments. A power plant installed at the dam would 
have a capacity of 10,000 kilowatts and be rap<Ihlc 
of producing' 4 7 million kilowatt-hours of firm energy 
annually. 'I i 

Josephine Basin project.-By the extension of the pres
ent Miller Ditch to carry the unregulated flow of the White 
River, 2,400 acres of new land located 4 milt'S soutl~vest 
of Meeker, Colo., could be irrigated. · 

Picear~ce project.-Piceance Creek flows northwl'St to 
join the White River 20 miles west of l\1eeker. A 5,000 
acre-foot rrS<"rvoir on the creek 30 miles above its tnouth 
could store water for the irrigation of lands along the 
creek channd, including 610 acres of new land and 2,380 
arres of cultivated land in need of a supplemental supply. 

Littl" Snake.,Yo!th l'lattc diz•ersion project.1 The ex· 
portation of about 51,000 acre-feet of wata annually from 
the North Fork of tittle Snake River, B.1ttle Crrck, and 
Sandstone Crt~ek to the North Platte Basin for irrig-ation 
of land~ in W.yoming and by rxchauge in Colorud~ would 
be pos.~1hlc With the construction of a 60-mile canal. 

Elk Rh•fr·Nortll l'latte dil'mion Jnojrcl.-llmlrr tilt' 
tentative plan for dl·vdnpmcnt of t.he Little Snakr· River 
a canal would rarry water out of thr Little Snakl: Rh·er 
Ba~in (Little Snake-North Platte diyersion proje< t) anJ 

Uinta Basin 

For the development of the water resources of Uinta 
Ba~in 10 projects are outlined for use of water within the 
basin; 8 of these would be primarily for irrigation and 2 
for power production. Two projects, one an alternative, 
to export surplus water to the Bonneville Basin are also 
described. The irrigation developments would serve 
white- and Indian-owned lands. The Oifice of Indian 
Affairs is considering a few small projects to provide sup
plemental water for lands administered by that agency. 
Most of those are prodded for in the plans for basin-wide 
development. 

Moon Lake project extension.-North of the Duchesne 
River, extending from Rock Creek eastward through the 
Whiterocks River service area~ are 86,200 acres of irri-. 
gated land including some owned by Indians that could 
be furnished supplemental water and 26,300 acres of new 
land that could be made productive with irrigation water 
if storage were provided in the following reservoirs: ( 1 ) 
Pelican Lakr, 5,200 acre-feet capacity, supplied from 
Uinta and Whiterocks Rivers; (2) Halfway Hollow, 
32,200 acre-feet capacity, also supplied from Uinta and 
Whiterocks Ri\'CI-s; ( 3) Upalco, 1:.?,300 acre-feet capacity, 
storing flows from Yellowstone Creek; and (4:) one or 
more rr!'crvoirs al uw!t·termined sites on Rock Creek or 
other strrams capable of rdca.,ing an a\'crage of 23,000 
acre-feet annually to arable lands on the Blue Bench and, 
if additional yields are provided to replace natural8ummer 
flows, exports of water to the Bonneville Ba.."in through the 
potential Rock Creek tunnel could be inneased accord
ingly. The first three rest'rvoirs listed would be at ofT
stream sites, but could be fed from existing canals with 
sli~ht extensions. New construdion required would in
dt~dc a ~cr\'ice canal from Halfway Hollow Re:;rrYoir to 
Ouray \'alley, which would also be mable as a fwlcr 
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canal for Pelican Lake Reservoir; a 6-mile extension of the 
present Y cllowstone Canal, now serving the :Moon Lake 
project, to Uinta River; a 3-mile canal from Lakefork 
River to Yellowstone Creek above the head of the Yellow
stone Canal; and a canal from Rock Creek to the Blue 
Bench and Lakefork River. 

Fruitland project.-A storage reservoir of 4,000 acre· 
feet capacity on Red Creek, a tributary of Strawberry 
River, with extensions of present service canals would pro
vide water for the irrigation of 1,600 acres of new land 
and 400 acres lacking an adequate supply near Fruitland, 
Utah. 

Castle Peak project.-A canal34 miles long, heading at 
Ducht:sne River near Duchesne, Utah, could carry water 
to 21,700 acres of new land and 2,100 acres of land now 
insufficiently irrigated on south Myton Bench. Water 
could be stored for late season use in reservoirs at the 
Hades site (25,000 acre-feet capacity) on the North Fork 
of Duchesne River and at the Starvation site ( 65,000 acre
feet capacity) on Strawberry River, or at alternative sites 
on tributaries of the Duchesne River above the canal 
heading. 

Mosby project.-Water from Whiterocks River im
ported by a canal into Deep Creek could be stored in a 
reservoir of 13,000 acre-feet capacity at the Crow Creek 
site on Deep Creek to irrigate 3,800 acres of new land and 
provide supplemental water for 400 acres located about 12 
miles west of Vernal, Utah. 

T'ernal project.-Storage of Ashley Creek water in 
Stanaker Reservoir, a potential offstream reservoir of 
3-!,000 acre-feet capacity, would be used to irrigate 1,900 
acres of new land and furnish a supplemental supply to 
22,300 acres of cultivated land near Vernal. In addition 
to a dam to impound water in Stanaker Reservoir short 
feeder and service canals would be needed. 

Jensen project.--A reservoir of 6,000 acre-feet capa~ity 
at the Tyzack site on Brush Creek would provide sufficient 
storage to supply 3,600 acres of irrigated land with ad
ditional water and 800 acres with a full amount near 
Jensen, Utah. Existing canals could distribute the water. 

Minnie Maud project.-A supplemental water supply 
could be furnished 800 acres of irrigated land bordering 
Minnie Maud Creek along the Duchesne-Carbon County 
boundary by storage in a small reservoir ( 550 acre-feet 
capacity) at the Minnie Maud site on Minnie Maud 
Creek. 

Green River pumping project.-By pumping water 
from Green River with lifts of about 40 feet, 11,000 acres 
of dry land and 1,000 acres of irrigated land between Jen
se~ and Ouray, Utah, could be adequately irrigated. 
With the present wide fluctuations in river flow, diversion 
darns cannot be maintained and occasionally part of the 
area b inundated. Future upstream power reservoirs 
would ~rnooth out the flow and make pumping for irriga
tion practicable. 
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Echo Pa•k project.-Three and one-half miles down
stream from the confluence of the Green and Yampa Riv
ers is Echq Park dam site. It is in Colorado only 2 miles 
east of the Utah State line. The river elevation at the 
site is 5,048 feet above sea level. A dam to raise the 
water surfa<.:e 500 feet would impound 5,560,000 acre-feet 
of water ( 4,710,000 acre-feet active capacity) and would 
cont ul the flow at that point. The reservoir would ex
tend up Green River 64 miles to Red Canyon and up 

' Yampa River 44 miles to Lily Park. A number of 
su~pected archeological sites along the Yampa River 
should be thoroughly explored prior to filling the reservoir. 
A power plant installed at the dam would have a capacity 
of 120,000 kilowatts and would be capable of producing 

· annually 668 million kilowatt-hours of energy. In ad
dition to power, this multiple-purpose project would pro
vide hold-over storage, flood control, silt retention, and 
recreational opportunities. During a succession of dry 
years releases would help meet the stream flow require
ments at Lee Ferry specified by the Colorado River Com
pact. Transcontinental highway US 40 is only 20 
miles south of ttte site and would afford easy access to the 
area for vacatiOnists. 

Split Mountain project.-Bclow Echo Park, the Green 
River leisurely divides and unites several times to form 
large islan•h, giving rise to the name "Island Park." It 
then flows through Rainbow Park and Little Park to Split 
Mountain', so named because the river has split the moun
tain in half. A dam at the head of Split Mountain Can
yon at river elevation 4,930 feet could raise the water sur
face 118 feet, backing water up to the Echo Park Dam 
and forming a reservoir with a capacity of 320,000 acre
feet ( 295,000 acre-feet active capacity). Stream flow 
would be regulated by the upstream Echo Park ReserYoir. 
A power head of 200 feet could be utilized by means of a 
pressure tunnel in three sections extending from the dam 
8.3 1niles downstream to a power plant, 5 miles up the 
rinr from Jensen, Utah. With an installed capacity of 
90Jl00 kilowatts, this plant could produce 84:6 million 
kilowatt-hours of firm energy annually. _ 

Central Utah project.-An exportation of 625,000 
acre-feet annually could be made from streams in the 
Uinta Basin to the Bonneville Basin in Utah. A collect
ing conduit wonld intercept flows of Brush Creek, Ashley 
Creck

1 
and the Duchesne River and their tributaries, de

livering the water by gravity flow to the Strawberry Reser
voir which would be enlarged to a capacity of 1 ,300,000 
acre-feet. Relea..~es from the reservoir wo\lld be made 
through a tunnel into Diamond Fork of Spanish Fork 
River whrre a 2,900-foot drop could be utilized to gen
erate electricity before the water is reregulated and used 
for irrigation in the Bonneville Basin. 

Water could be pumped from the potential Echo Park 
Reservoir on Green River to replace irrigation supplies 
now uscJ on lands in the Uinta Basin which would be 
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, diverted to the Bonneville Basin uncle~ thlS P"?Ject an to 
permit expansion of irrigation in the Umta Ba~~·. 

The construction of this project would eiL'tllnate the 
Rock Creek Turmel project and also would maki\ unneces
sary most of .the structur.es otherwise require\ for the 
Moon Lake extension, Frmtland, Castle Peak, am. Mosby 

• projects. . . .' ) . 
Rock Creek Tunnel proJect.-Coru.tructlOll of thJS PIOJ· 

ect would bring additional water from the Colorado ~ver 
Basin watershed into the Bonneville Basin. By mea.Il;S of 1 

a 9-mile tunnel from Rock Creek, a tributary of Duchesne 
River, to upper Duchesne River, 45,000 acre-feet of water 
a:tmually could be brought into the Duchesne Riyer 

1

and 
thence canied by the puchesne tunnel~ Provo River. 
The Du~hesne tunnel, a feature of. the Pro. River project, 
is a 6-mile tunnel under construcuon to br 1g 32,000 acre
feet annually from the Duchesne River

1
to Provo River. 

It would be lined with concrete to red~e friction losses 
and accommodate the larger flow bruQght from Rock 
Creek. If replacement storage were p1 ~ided for Uinta 
Basin land~. additional summer flows o approximately 
8,000 acre-feet from Duchesne River a d Rock Creek 
could Le diverted into the tunnels. 

' \ 

Price and San Rafael River Basins ~ 

Five projects are outlined aS possibilities 1r develop
ment of water resources in these basins. Four nail trans- . 
mountain diversions are also discussed. 

Emery County project.-A reservoir of 57,00Q acre
feet capacity of the Joes Valley site on Cottonwood Creek, 
a tributary of the San Rafael River, and a highline canal 
from Cottonwood Creek to Huntington Creek would pro
vide a:tnp!e irrigation service to all lands under present 
canals from the two streams, including 20,000 acr~ now 
itJSufficiently irrigated and 3,300 acn:s of dry land Li the 
vicinity of Huntington and Castle Dale, Utah. By im
pounding spring run-off and thus providing comperua\ing 
storage in late season for the irrigation of lands with ap
propriated water rights, this reservoir would make ~s
sible increased transmountain diversions from Hunti•r~'ton 
and Cottonwood Creeks through existing works. 

Buckhorn project.-By the enlargement and extension 
of the CJen·land canal to carry surplus waters of Hunting· 
ton Creek to a potential reservoir of 15,000 acre-feet ca· 
pacity at the Buckhorn site, 3,800 acres <,f new land about 
12 miles east of Castle Dale, Utah, could be made produc
tive with irrigation. 

G11nnison Valle)' project.-West of Green River, Utah, 
are 3,300 acres of irrigable land that could rect'ive water 
from. Green River with a 2130-foot pump lift. East across 
the nver are 430 acres requiring only a 50-foot pump lift, 
and ,6,GOO acres that LOuld he reached by pumping a 
max1mum of 370 feet. lnexpensi\'c power for pumping 
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could be obtained from the development of nearby power 
sites on the Green and Colorado Rivers. 

Desolation Canyon project.-Of several dam sites in 
Desolation Canyon of the Green River suitable for power 
production the Upper Three Canyan Creek site appears 
to be the best. It is 50 miles by river upstream from 
Green River, Utah. A dam to raise the water surface 
from a present elevation of 4,400 feet up to 4,650 feet 
would back water upstrea:tn to a point just above the 
White and Duchesne Rivers, creating a reservoir with a 
total capacity of 900,000 acre-feet and an active capacity 
of 700,000 acre-feet. The reservoir would regulate the' 
inflow to Green River below the Echo Park Da:tn with 
only occasional spills. A power plant in the da:tn with an 
installed capacity of 78,000 kilowatts could produce 431 
million kilowatt-hours of firm energy annually. 

Rattlesnake Power project.-The Rattlesnake Dam 
site, lowest power site on Green River, is 22 miles upstream 
from Green River, Utah. A dam to raise the water sur
face 250 feet above its present elevation of 4,150 feet 
would create a reservoir with a capacity of 500,000 acre
feet, 370,000 acre-feet of which would be active capacity. 
The power plant would have an installed capacity of 
78,000 kilowatts and an anual firm production of 434 
million kilowatt-hours. 

Gooseberry project.-From a 17,000 acre-foot reservoir 
at the :Mammoth site on Gooseberry Creek, a tributary of 
Price River, about 11,500 acre-feet of water could be eli· 
verted anually westward through a tunnel 2.3 miles long 
to irrigate fertile lands in the Sanpete Valley of the Bonne
ville Basin. 

White River diversion project.-The exportation of 
2, 700 acre-feet of water annually from the White River, a 
tributary of the Price River, to Spanish Fork River for 
irrigation of lands under the Strawberry Valley project in 
the Bonneville Basin would be possible by the reconstruc
tion of an abandoned canal. Three small reser\'oirs on 
tributaries of the Price River could pro,ide replacement 
storage for the Price River lands and thus increase the 
possible diversion to 4,200 acre-feet. 

Ferron-Manti Creek dit•ersion project.-This is one of 
the two tunnel diversion possibilities that exist to take 
water from the head of Ferron Creek, a tributary of the 
San Rafael River, to lands in southern Sanpete Valley in 
the Bonneville B.u;in. No strea:tn flow records are avail
able but it is estimated that an a\'erage of 15,000 acre-feet 
of surplus water may be exported through the two tun
nels. One tunnel 2.2 miles long would bring water to 
1\lanti Creek. En route to irrigate lands this water could 
be used in two existing municipal power plants ha,ing 
combined heads of 2,974 feet. 

Ferron-Twch•e Mile Cruk dh·ersion projat.-A tunnel 
c.xtrnding 1.8 miles to Twdre }.lile Creek would make 
possible the other diversion from Ferron Creek, thus help-
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PARKER DAl\1 
. General view looking upstream and showing Parker D am discharging about 10,000 second feet of water 

MAIN CANAL 
. Auction of the main canal of the Salt Rirrr projc.:l 
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ing to export the 15,000 acre·fe~t of wa:c~ ~ year from, 
the Colorado River Basin for use m the adJommg Sanpete 
Valley. 

Summary \ 
The following tables summarize the possibilities for 

ultimate development of water resources in the Green 
River Basin, showing the multiple purposes to be sen-e( 

by the various projects, estimated construction cosh;, 
potential reservoirs and their capacities, areas to be fur
nished full and supplemental supplies of irrigation water, 
and power plants with their potential capacities and 
annual production of firm energy. Most of the reservoirs 
would have incidental value for recreation and fish and' 
wildlife conservation. Potential export diversions and 
stream depletions are also summarized. 

TABLE XXXIV.-Potential projects in the Green division 

Subdivision ar.tl project LOC!II ion o/ proJrc\ Rouroo o( water supply 

Upper Green River Basin 

Sublette ____ -·-···-- ______ ---· ___ ----- Wyoming.' ____ -- __ . Green River_ ____ •..... _ 

~=~i}~'~~~i;i~i~ = :.-·:::::::~::: ::::::: ::::~~~::::: :::: ::·: :::::~~::::::: ::::::::.-------Elkhorn nr.it ______ -------------·-·-· ..... do....... _____ do _____________ _ 

I, F, P ___ .. __ . S36, 500, 000 
I, F _______ _ 
I, F___________ __ ___ 
I, P, F _________ -----------

PnradiSt." tlldt ________ . __ _ _ ______ .<lo .. __ __ .• __ Nf'w Fork River .... _ .... _ ....... 1_____________ --

!:i¥1~:~:~di·~~: ::::: :::~~~:: :::: ~= :jj::: .: :: ;: . ~= ~i~~~~~~~J~ ~~~ :::.:: ~~:::: 
SPNlskad,.(j_ unit ____ • ___ .. ----- ______ ..... do .......... ___ GN·en River _____ .---- .. __ . ___ __ 

OpuL ___ . __ ~------------------------ ..... do______ __ __ Hams Fork_.---·---------------
Lyman .... l .. ____ .. _ .... ___ .. _. _______ .. do ____ . _...... Blacks Fork, Smiths Fork. _____ _ 
Henrys Fork. .••••. _ ............... ___ Wyonunp:, rtah .. _ .• Henry~ Fork._. ___ .. ___ ... ___ ... 

ii:(rbnagn~o~·~ ~: ~::::: ::.::::: =~ :::::: -ft~h~~:: :::: _: ..... -~~~-~do~~~-~~~ ... -.-::::::::::::: 
Yampa and White River Basins 

Liltlr Snake River .... ----------·--·-- Wvoming, Colorado_ Little Snake River tributaries.. . 
FpPf'r Yam]>a ..... __ • _ •••. __ .• _ .•.•• _,, Colorado __ ..... __ •. Yampa Ri\·er. ____________ .... __ 
\\c~sels _______ .......... ___ . _ ... _. ••.•• __ .. do .. __ . __ .... __ _ __ .• do. •-··- --------- ---·--- __ 
Mount Harris 1 do Trihutarit>s of Yampa Rin•r •• __ __ 
Gre~~.~ Northt>r-~:~:::::~:::::::::::::::1:::::c~o:~::::::::::: Elkhead Creek and Elk Rim ... .. 
l(•llow Ja(•ket.-.. ----··-------.i ..... do .... ______ White Riwr and Milk Creek ..... . 
Deadman Bench ...•........ ___ . __ ••• 

1

1 Colorado, Ptah_.. •• Yampa Riwr _ .. ____ .... 

f~~~t~!~~~~~t~~~~::::: ~. ~- :~:~:~:~:::::: : ~0~~~~~~::::::::: :=i==:~J~::::~::: ~:::-:.::-
Jost>phiue Bll.'!in ........ -·----·---··-- ..... do.----------- White Ri\'er ..... .. 
Pkeanee _____ . ---- •• __ •.•.... _ •. _ -·-. . .do .. ) •... _ .• _ Pir{'anr!' Cn:ek. __ ... . 

Uinta Ba!iin 

Moon J.ak!'. Extt·n~ion .......... _ ..... _ Utah.... J l lurll('~nl' River and tributarie~ ..• 
Fruitland ........................... _____ do .• .'. Ikd Cn•rk ------------------
c~~.-~tle I't•ak ......... -------------- ... do.. • fltll'hP~Il(' Riwr. .............. .. 
Mo~b.v _- .. . .. . . .. . . ....... _.. . .. •lo.. • I lt't'P Cn•ek, WhitProrks River .. 
\'erna.L ......... ---- .................. clo... A~hlPy Crt't'k ______ . ---------
Jpnsen............ .. _ ....... do..... HrushCr('('k ... -----------
~liunit• M&u!l...... . . .. .... . .......... do... • Minnk ~btHI Cn·Pk .. . 
GrN•n Rin·r Pum)>iHg...... •. .. ......... rlo... Green H.i\'rr ....... . 
Echo Pn.rk __ ... .. ...... ..... . Colorado.... • ....... do ......... . 
Split Mountain ....................... t:tah -·--·-------- ... do ....... . 

Price and San Rafael River Basins I 
Erm•ry Count v. _ .• 
H1wkhorn .. •. ----· 
G11ntli~nn Vallt'\' ___ . 

. .. ... tlo.. ~1· Cottonwoud Cn·ck ..... 
......... ---"''·- lluntinp:ton Cn"<'k. 

• .tlo.. . ... Gn•t•n lti\l'r .•. 

!_ _____________ -----------
!_ ___________ __ 

I, F _____ ...... ___ 
I, F ____________ -----------
!_ _____________ -----------
1, F________ 3.600,000 
I, F.._____ 4. 330, 000 
I, F ...... ____ 1,470,000 
P, F, H, s _______ 10, ooo, 000 
P, F ..... ______ 4, 100,000 

J, P, F. ..... I, F ________ __ 
I, F __________ _ 
I, F _________ __ 
I, F ___________ _ 
I, F ....... __ __ 
I, P, F, H, S .... 
L... .. .. p __________ __ 
P, F ____ _ 
L...... --
I, F .......... .. 

I, F .... " 
I, F. .. .. 
I, F ___ __ 
I. F...... . __ 
I, F ~---- ...... I, F ____ . __ .. 
I, F __________ _ 
}_________ ---
P, F, H, 8 _____ _ 
P, F, H, 8 ...... 

I. 
I, 
1. ..... 

21,500,000 
2, 300, 000 
1, 100, 000 
3, 300,000 
2, 700,000 
4, 700,000 

23,800,000 
700,000 

5, 000,000 
1, 900, 000 

300,000 
800,000 

i, 900.000 
400,000 

5, 300,000 
1, 100, 000 
1, 500,000 

300,000 
100,000 
4ll0, 000 

43,000,000 
~3. 000,000 

2, 500,000 
1, 200. 000 
1. 100, ()00 

ll(~,;ulntion Cnn:von_ •• 
Hnttll'~llnke l'owt·r .•.. 

. .... - • • . • -~ . . . . do . . .. 

1 

_ .. .cit>. _ .. • . 
. .... ···--~- do.. .. ..... tlo .. _ . 

I P, F, H ...... . 
• ..... 

1 

P, F, H .. . 
Zl, OOtl, 000 

I 23, 000, 000 

.. t ·----------, ·- I T<JtttL. ·-·-

'I 
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TABLE XX.XV.-Potential reservoirs in Green division 

Subdivision and n11111e or site &urc. or water supply Project served 

Upper Green River Basin 

KendalL ............. ~------------- Green River ... c .................... Sublette ........................... . 
Burnt Lake .•••... _ ....... __ ...... _ Fall Creek ................. : .... ___ ...... do ............................ . 

ggrn;~~~~~~~~~~ ~~~~ ~ ~ ~~ ~ ~; ;~ ~ ~~ ~t~~~!!t~;~~~;~;~~ ~~~ ~~ ~ ~~ ~;; ~ ~ ~ ~~i~~~~~~~:i~~-~~~~~n:_~~=-~=.~ ~ ~;~~ ~~ ~~ ~ 
Middle Hams Fork .................. Ham's Fork ........................ Opal and Gr~en-Beardiversion ...... .. 

~~~~~i~~~ :::::::::: ·:::: ::::: . ~~r~~~~: ::~~!~~··: ::::::::::: ~~~?~}r~ :::::::::::::::::::::-
Yampa and White River Basins 

Savery _____ .. ___ .... __ .. _.......... Savery Creek ....... : .............. _ Little Snake River----·- ___ ._ ....... . 
Columbus Mountain .... _._ .... ___ .. _ Slater Fork ..... ------------------- ...... do ............................ . 
Pot Hook ................. _____ ......... do .................................. do ........................... .. 

~~~;1:~~~~;~~;;:~ ~ ~ ~~~ ~~~ ~;~~;;~ . i~~!~:~~~~~~~~~~~~ ~~;~;~~~;;;; ~~; ~~i~~~~~;;~ ~;~;: ~=.=.;;~~;;;;;I 
t~~~!~~~~= :::~ :=:: =~::: :::::::::: _ ~~~s!~~~~~~ = ===:::::::::::::::::: r~;d~;r~~~~~~~~~~~~-~~~~~== ::::: 
Piceance._ ................... ____ •• Piceance Creek...................... Piceance .... __ ......... ------- .... . 

Uinta Basin 

Pelican Lake Whiterocks and Uinta Rivers......... Moon Lake Extension ....... _______ .. 
Halfway Hollow 1 ..... do ................................ _.do .................... ________ _ 
Fpalco 1_ ••• _ ..................... _ Lakefork River ............... ___ ....... _.do ............. _____ .. ____ ... .. 
Hades............................. Duchesne Riv-er..................... Castle Peak and Rock Creek tunneL .. 
Starvation ....... ___ ........ __ ..... Strawberry ........ _______ ............ __ .do .... ____ ........ ___ ....... __ _ 
Crow Creek........................ Det>p Creek and Whiterocks River...... Mosby ..... _ .......... ___ .. __ .. __ .. 

~~::.t:~~: ::::: :::=: :::::: ======= w~~ir c~r:et.~~ :: :::::======== === == :: .rp~~~~= :::: =:::: ::::: ===== :=:: ::::: 
Red Creek .. -............... _____ ._ Red Creek ...... _................... Fruitland .............. ___ ..... ____ _ 
!\Iinnie !\Iau<L ..................... 'Minnie Maud Creek ................. Minnie .Maud ...................... . 
Rtrawberry Enlargement ............. Brush and Ashley Creeks ............. Crntral Utah .. ---------------------
Echo Park. .......... _ ............ _ Green River ..... ------- ........... _ Eo•ho Park .......... _ ...• __________ _ 
Split ~lountain. ----- ..... _ .............. do .... _._ ............... __ ..... Spilt !\fountain ..... __ ........ _______ _ 

Price and San Rafael River Basins 

!~~~~·~;~~ ~ l; ~; ~ ~ ~ ~~ \ ); ~ ;; ::; :~~~~~};~;;;~~;;:; ~: ;;;;; : ~~f"~ml::; ;~ ::~~~~~ :~; 
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Total CIIPBd!)' 
(aere-feet) 

340,000 
25,000 

180, 000 
10,000 
5, 000 

400,000 
170,000 

30, 000 
107,000 

1, 500, 000 
~0. 000 

15,000 
125, 000 
85,000 
14,000 
15, 000 
30, 000 
30,000 
30,000 

1, 2.50, 000 
75,000 
5,000 

.s, 200 
32.200 
12 300 
25:000 
65,000 
13, 000 
34, 000 

6, 000 
4, 000 

5.50 
1, 300,000 
5, 560,000 

320,000 

17,000 
1, 000 
1,000 
1, uoo 

57,000 
15,000 

900,000 
500,000 

TntaL .. ____ ........ _ ... _____ ........ ______ .. __________ .. _______ ... ___ .......... ____ ---------------- 13, 360, 250 
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TABLE XXXVI.-Potential irrigation development in Green division 

Subdivision and pro)c>et State 

Uppt~r Green River Basin 

Sublette: , .. 
West side unit-~--- ___ . __ •.••.• -----------.-" n.T Jyorim"iJ~g •••••.•.• -··---

~~~~~~~:ht~~~== :::: == ~ ~== =: === == == = = :::: ~ -~~ ----. ·-- ------ .. ----
'Eden project extension unit.-.-------------'-- :~do= --------------------

Lower Big Sandy unit ...... -- •.•••. _ ••.•.• _. -I· __ .. liuou .. ___ ....... ___ •• _. ___ ••• _. _. 
LaBarge unit •••••••••••••.••• - .....••. -•.. -1--- _ --·~uloo ___ ... _____ ••.• _ ...... . 
~·on~>tnelle uui!·----------------------------- . ~~ 

£f.~~~~~~~~~~~;;;~:::::=:==::::~:::::::==::==: ;.~ -~~-
Ifenrys Fork._. ____ •••• ___ • ____ • ___ ._._._ ••• _._,\\'',; y~,-o~-':n~~u:n::g.:,-yirrr:tn:h~:-- ··-- · 

--
--

---

Area to be !Jtonefited (acre•) 

FurnishPd 
New ]and SUP!Jlementai 

wattr 

29, 050 37, 000 
5, 160 --

134,030 ----------
4,490 ----------

20,250 ----------, 11, 850 - - • - --- - --
3,370 5, 540 
2, 050 3, 720 

t~: ~~g I---T4oo· 
3, 100 20, 910 

17, 140 21,090 

Total 

66, O.'iO 
5, 160 

134, 030 
4, 490 

20, 250 
11, 850 

8, 910 
5, 770 

.40, 830 
21,420 
24, 010 
38,230 

ilubtotaL ________________________________ ---------------------------------------- 287,340 93,660 381,000 

Yampa and White River Basins 

tittle Snake River ........ ____ -- .............. __ Wyoming, Colorado •••• --- ___ .• ------- •. 
Uprwr Yampa ..•.••• ___ •. _ •.••••••••••••••• __ •• Colorado._-- •. _ •.• _ ••..• ___ ••. ___ •••••• 
\Ye,; . .;cls .• , _ ••• ___ ... _ •••• ___ ••••• _ ••• _. _ •• _. ________ do ••••• _. __ ~ __ • ____ ._. __ ._._ •..• __ _ 
l\fount Harris .• __ ••.••••••• _. ______ •••••••••••••• _ •. do .. _ •• ____ ••• ____ •••••• _____ ._._ •• 
Gr•·at Xorthern •• _ •••• ____ •••• ____ • ___ •••••• _. __ . ___ do •.•••••••••••• _----·-_. _______ •••. 
Yellow Jacket .... ----.-- •••••••• ---- ••••. ______ . _._.do ... __ ••• ________ •••• _ ••• _ ••• _-- __ 
Deadman Bench ..••••• ___ ._ ••• -- _______ •••• _ •• _ Colorado, Utah. __ •• __ ----._ •••••••. ___ _ 

S~:~~~~~~- ii~i~: ::::::::::::::::::::::::::::::: _ ~-o!~d~~~:: ::::::::::::::::::::::::::::: 
Piceance .•••• _ ••••• --- ••••• ----- ••• __ .-------- ____ •• do •••• _._ ••• _. __ • ___ •• _. _____ ._ •. __ 

I~===== I====== I====== 

92, 110 
3, 4GO 
6, 010 

16, tiOO 
16, 010 
31, 820 
89,720 

8, 540 
2, 400 

610 

15,710 
11, 140 

3i(0 
1, 450 
3, 260 
5, 950 

2, 380 

101, gzo 
14,600 
6, 390 

18, 0.50 
19, 270 
37; iiO 
89, 720 

8, 540 
2, 400 
2, 990 

267,280 307, 5-'iO SubtotaL .•••• ___ ••••••••••••••• _ •••.••• ______ .••. ___ •. _ •• ___ •• _ ••• __ :.· ••••• •••• _ 40, 270 
l======i=====:====== 

Uinta Basin 

1\loon Lake project extension .•••.•• __ ._ •• __ •• ____ Utah .••••••••• _.· .• _________ •.••. -----_. 26, 300 86, 200 112, 500 
Fruitland •••••••••••• ---·---------------------- ••••• do •••• ------------········-··--·-·- 1, 600 400 2, 000 
Castle Peak •. ----_ .• ----_ •••••••••••••••••• __ •••• _.do .••• _. __ • ___ • ______ • ____ •• _______ 21, 700 2, l 00 23, 800 
Mosby ..................... _ •.•. _ •••• _ ••• ______ . __ .do. __ •••• _ ••• ____ ••• _ ••••• _ •• _____ . 3, 800 400 4, 200 
VernaL ................................. _ ••••••• _ •• do .••••••• _. __________ •••••••• _____ 1, 900 22, 300 2-1, 200 

tl~~~- ~i;\;d :::::::::::::::::::::::::::::::::: :::: =~~:::::::::::::::::: ::::::::::::--- ------ ~~~- 3, ~~~ 4, ~~~ 
Green Hiver pumpiug ••••• ____ ••••••••••• _ •.•• __ ••••• tlo ........ ____ • ___ . __ • ___ •• _____ . _ _ 11, 000 1, 000 12, 000 

1--------1-------1--------
SubtotaL ••••••..•••• : • .•••• _ ---------- ___ ... __ ...... ____ • _. ------- ____ •• ___ • .•. 67, 100 116, 800 183, 900 

!======;=====:====== 
Prire and San Rafael River Basins 

t~~lkho~~~~: ::::::::::::::::::::::::::::::::: :. __ -·~:·~u- .• • ••• ----- --·-··· -·-- ••• 
Gunu1!on Valky .................. _ .••••• _ ..• _ .• 1• ____ . tlu•u' .••••••••.• ___ ... _. 

Subtotal. ••••• ___ • __ • __ •• _ •• ___ ._. __ •• _. __ • __ • _. ________ ••••• ___ •• _. ____________ _ 

TotaL-- ••• _ •••••• _ •••••• _ ................. _. __ •• _. _ •. _. ____ • _ ••• _ •••• __ ••• __ • __ _ 

3, 300 20, 000 
3, 1'00 ----------

10, 830 -- -- -- --- -

17, 930 i 20,000 i 

639, 650 I 270, 730 I 

23,300 
3 800 

10:830 

37,930 

010, 380 
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TABLE XX."{VII.-Potential irrigation development in Green division by States 

Area to b(l b(lneflted (oeres) 

State and •ubdivillion Furnished 
New land sur~Pll1HWntal Total 

wa.tt.'r 

Wyoming 

28~: 030 8~: 450 3~~: 4RO 
300 910 210 

~afo 386, 690 
~rE;;a ~r;;n,~:i~~r ~~~~~il-~i~8--~~=:::::::::: ~: ~::::::::: :::::::::::::::::::::::: ~: =~---="-==--1--~:.:...:.:::.:::._J_---'--.::..:.:..:::.::..: 

95, 360 SubtotaL ••..•.••••....•.•... ------------------·-··--···-·········---·-···-1===:::==11==,;==1===~= 

Colorado 
197, 800 30, 360 228, 160 Yampa and White River Bash1s .••••• - ------:-------------------- -" ----------------·1===~=,1===~==1======= 

Utah 
4, 310 8, 210 12,520 

61, 180 ---- __ .. ----- 61, 180 
67, 100 116, 800 183, 900 

n~~a G:r~,~~~\\~~i~:r I~~~~~ B~l;s--~~=: =: =::: :. :::: ~ ::::::: :C:: ::::: = ::: =: = ::::::::::::: 
trinta Ba~in. _ .. _______ .. ___ ...... _ ----- •• --------· •••• ------ ~------.-- ---·-·--- .. 

17, 930 20,000 37, 930 

150, 520 145, 010 295, 530 
Price & San Rafael River Basins ...... ----------·--··--------: ...................... 1 ___ ..:__ __ 1 ___ .:-,-,--I----:::.,..--'-...,.-:-:-

639, 650 270,730 910,380 
SubtotaL. __ ....... - •• - •••. --.-- •• --.------------------------------·----~ -- 1 _ __::=c:::::~l--=.:::::l-;-::.=-l--' 
TotaL. ________ • _. _____ • ___ • _ ••• - ••••• - ••••••••• -- •• -•- --· ----- ••••••••• --. 

TABLE X.XXVIII.-Potential power development in Green division 

River basin and project State Str•am 
Power plant in· II Annual flrm ~NIP!'-
~talled capacity •non lktlo\\ Oltl· 

!kilowatt') hours) 

Green River 

f'ublt·tte (Elkhorn unit) __________ .._ ___ Wyoming ................. ;:-,:~-- Cre~k _______________ _ 
:Flam in!( Gorge ......... _ .... _________ Utah ________ •••• _·-·-·-·· """' River _____ ••• ------

1. 500 I 
30,000 
12, 000 

9, 000,000 
158, 000, 000 

Hed l'anyon ...... _ ------ __ •. ···-·-- ...... do .. ·--·-·-······--·-!--· ... uc1 .................... -I 

~~~n~ r~~~~;~a-i~::: =~=~==== :::::::::::: b~~~~-~~:::::::::::::::::1··-- .. UCI •••• ·•• ........ •••• --J 
120, 000 
90,000 
78,000 
78,000 

68,000,000 
668, 000, 000 
486, 000, 000 
433, 000, 000 
434,000, 000 

ll~"''lnl ion_. __ ._._ ...... __ ................ do •• , ................ J ...... u<•---·-·· .............. -I 
Hattlesnake ________ -------.---------- ..... do ......... _··-- -----1---- .. uo .................... --1 

Yampa River 

Uttle Snake River ..... : .............. Colorado ................. Slater Cr('ek ....... ."'...... 7, 500 43, (100. 000 
D<·adman Bench (Juniper) .................. do ................... Yampa River.............. 15,000 87,000, OUO 

g~<l!p~:k~~~~~~~:::::::::::::::::::::: :::::~~::::::::::::::::::: :::J~::::::::::::::::::: ~~: ~~~ ~?: ~~8: ~~g 
!----·-

TotaL _________________________ ---··-···-------·---·---·-.......................... 460,000 12,532,000,000 

TABLE XXXIX.-Potential export diversions from Green 
dh·ision 

8ubdivision lllld pro)<•ct 

Upper Green River Basin 

St•tc served 

E'thnst•d 
averBJ:e 
annunl 

diversion 
(ocre-fe••l) 

R01tth Pa~s dh·er.~ion Wyoming........... 50,000 
GrePn Hivcr-llrar Hi~,:~r--di: 

vcr>ion: 1 

Hams Fork-Twin Creek 
unit._ ..... --------- ..... do............. 37,000 

Green River-Smiths 
Fork unit ......•.••. Utah and Wyoming. 320,000 

Yampa and White River 
llasins 

J.ittle Snake-North Platte ... Wyoming and Colo- I 51, 000 
, rado. 

Elk River-North Platte _____ ----"do............. 75,000 

TABLE XXXIX.-Potential export diversions from Green 
division-Continued 

Subdlvilllon and project State sen·ed 

Uinta Basin 

Crntral Ut-ah~---- -------- TutHul•t;n ............... . 
Rock Creek TunneL ..••.• -1--- -'~~<"). -- .... -------.I 

Price and San Rafael River 
Basins 

E•timated 
QV('rflge 
&nnusl 

div('rsion 
(uc~feet) 

625, ooo 
I 53,000 

GoosehPrry ----~ __ . __ ........... do ___ ... _...... 11, 500 
White River diwrsioo ...... _____ do............. 4, ~00 
~l·rron-1\lanti (;re~k ............. do ............. } l.'i, 000 
J<erron-Twelve i\hle Creek •...•.• do ............. r ___ _ 

TotaL ............. ------------------·- 1, 137, 700 
I 

1 Smaller of alwrnntJ\'lll'rojN~ts not UIC'lUJl'd m total. 
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TABLE XL.-Present and potential stream dep/P.tions in Green division 

Estimated averag~ nnnnal depletion (..a"ll-fcet) 

1------------------r---~-----~--------------
State and subulvislou 

Present depletion 

Consumed In 
basin Exported 

l'otential increase 

Consumed in 
~as in Exported 

Total ultimate 
depletion 

-----··--1-----1---------1·-------+------ ------

· , Colorado 
2, 000 ------------ ---~---~--.-- --~--------- 2, 000 Upper Green Riyer .•.•• ~-. ----.---------------------------

Yampa and Wh1te R1ver. ---------------------------------
1 
_____ 

1 
______ 

1 
_____ 

1 
__ ___,. __ 

1 
_ 113,000 ______ ..,. _____ 324,000 I 7S, 000 512,000 

HubtotaL _______ ------- ------- ·------ • ·------ · ·- ·· ·l=====i======l=====l=====l===== 115,000 ___ ,..,., _______ 324,000 I 75,000 51!, 000 

Utah 

¥~::;a ~~:nf;i~.~r lti~~r:: ~ ~: :::: ==:::: ~ = ~:: :::::::: =:: ::: ----- ~~·-~~~. :::::::::::: 
lTinta Bru;in •••..... -----------------------------------·-- 243,000 1 101,500 

9, 000 320,000 347,000 
95,000 .. .., ... _______ ..... 95,000 

135, 000 625,000 ! 1, 104, 500 
Price and San Hafael River.------------------------------- 97,000 12,000 25,000 30,700 164,700 

1---------1---------l!-------1--------l------
264,000 975,700 1, 711, 200 

a 372,000 - .. -- ...... -..... --- 474,000 87,000 I 933, 000 
19, 000 ____ ,.., ______ 15,000 ... ,.. ____ ... _____ 34,000 

I 
I 391,000 

---,-ii3~5oo· 
489,000 87,000 i 2 967,000 

a 864, 000 1, 077,000 1, 137, 100 I 4 3, 192, 200 

1 R~turn flow usahle in Wyoming. 
1 Jnrludes :J2,(K~I acre-feet expected to be diverted hy the Durhesne tunnel of the Provo Rh·~r project. 
• lnrlul!es-17,000 aere-1~1 e>t~ected to be oonsumed by the Eden project, authorized lor construction. . . · . 
• The Green division will share also In the depletion of 500,000 acre-feet annually allowed for JtBSture imga.tloo in the upper,basm 

Grand Division 

The drainage area of the Colorado River above the 
mouth of the Green River for convenience in this report is 
called the Grand division. Extending westward from the 
cr(.-st of the Continental Divide in central Colorado the 
divi~ion encompasses an area of 26,500 square miles, 89 
percent of which is in Colorado and 11 percent in Utah. 
The division is larger than West Virginia and one-fourth 
the size of Colorado. Most of the run-off originates in 
the high mountainous eastern part of the region where 
rain and snowfall is heavy. The Grand division has a 
drainage area only three-fifths as large as that of the 
Green River, but its average annual run-off is 25 percent 
more than that of the Green division. 

A\'erage annual flows of the upper Colorado River and 
its principal tributaries for the long-time period of record 
and the critically dry decade ( 1931-40) are shown in 
table XLI. 

The upper Colorado River and its tributaries are fed 
largely by niclting snow. Even with the present deple
tions from irrigation 55 percmt of the annual run-off oc· 
curs in May and June and 72 percent in the 4-month 
period, April through July. The river system product'S 
more water than would be required to irrigate fully all 
arable land within it~ basin, but future cxpnnsion of irriga
tion is dependent on r~cn·oir storage for proper s('asonal 
distribution. 

The upprr tributaries of the Colorado River contribute 
clear water to the ~ystcm, The Gunni.~on Riwr bdow 

TABLE XLI.-Average ~nnual stream fiou:s in the Grand 
division 

Average IIDDual flow (acre-feet) 

Station Period of 1-------,---
record For period of For 19.31-40 

record period 

Colorado Ril'er at Glenwood 
Spring!!. Colo_. _ .• __ . __ •. 190G-43 2, 140, 000 1, 704, 000 

Roaring Fork River at Glen-
824,000 wood Springs, Colo •••.... 1906-43 1, 076,000 

Colorado River at Cameo, 
Colo .................... 1934:-43 2,911,000 12,83.5,000 

Guuni~on River above Grand 
JuncLion, Colo ___ .....• _. 2 1897-1943 2, 075, 000 1, 4-!6, 000 

Dolores Rivl.'r at Dolores, 
2i0, 000 Colo __ . _. _____ . ________ -~'! 19()()-43 338, 000 

Dolores ltiver at Gatewav, 1 

Colo _________________ : __ 
1

1938-43 Sil,OOO I 1 MS,OOO 
Colorado Rn·l.'r lll.'ar Cisco, j 

l'tah ____________________ 
1

:1914-43 j6, 024,000 
1 

4. 669,000 

1 E;timatfd. 
I Ht•<'Urfls not com pl~te. 

1\'orth l<'ork and the Color:Hio below Glenwood Springs 
carry some silt but not generally in sufficient amounts to 
be harmful although greatly concentrated in summer 
cloudburst storms of short duration. DL"Soh·ed mineral 
salts increase with return flow from irrigation below 
an deraliun of 7,000 ft·ct but do not reach harmful 
proportions. 

Little usc is made of ground water in the Gr;uld dh·i:.;ion. 
. \ few shallow wells supply rome water for dt)mestic and 
stock use. In the lower valleys, where shale bt'dro(k rre
d,lminates, most ground water is hearily rharged with 
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Grand division of the Colorado River basin 

dissolved mineral salts. Subsurface structural conditions 
needed for a large artesian water development are not 
known to exist anywhere in the division. 

PRESE:-IT DEVELOPMENT OF WATER RESOURCES 

Sc.anty rainfall makes irrigation necessary for crop pro
duction in this division. The first irrigation ditches were 
constructed to divert from headwater streams, but as agri
culture expanded new ditch diversions followed down
stream and the usual order of developing hrigation from 
lower valleys upstream was reversed. Many water rights 
of first priority are still appurtenant to lands high on 
streams. Early ditches were ~mall and sim~l\'onstructed 

to serve only one or two farms. Later when construction 
of diversion dams on the lower, wider streams and larger 
canals to serve expansive areas required cooperative effort, 
numerous mutual enterprises were organized. 

Federal irrigation projects were started in the area 
shortly after the Bureau of Reclamation was established 
by an act of Congress in 1902. The l!ncompahgre proj
ect was the first Federal development authorized in this 
division. In 1912 the Grand Valley project was begun. 
Together, facilities of these projects served more than 100,-
000 acres or over 20 percent of the land irrigated in the 
Grand division. In 1938 the Bureau of Reclamation re
constructed the Fruitgrowers dam for storage of 4,600 
acre-feet of water. It replaces an old dam, built by the 
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irrigators in 1898, which was breached and failed during 
atloodinJune 1937. 

The neighboring San Juan River area in the Colorado 
River Basin receives water from the Dolores River. The 
exportation of surplus water eastward across the Conti
nental Divide was commenced in 1880 when the small 
Ewing ditch for placer mining was constructed from the 
head of Eagle River to the Arkansas River watershed. 
Additional diversions either across mountain passes in 
canals or under them in tunnels followed. Construction 
has been started on other developments to take water out 
of the basin, including the Colorado-Big Thompson proj
ect of the Burea~ of Reclamation. 

Sixteen hydroelectric plants with combined capacities 
of 49,717 kilowatts are operating in the Grand diversion 
at present. Largest is the 21,600-kilowatt Green Moun
tain plant, recently completed as a unit of the Colorado-
Big Thompson project. The Shoshone plant of the Pub
lice Service Co. of Colorado, the second largest, has a ca
pacity of 14,400 kilowatt-,, Thirteen small stream and in
ternal combustion power plants have combined capacities 
of only 8,497 kilowatts. More power is generated than 
consumed in this area. Transmission lines carry large 
blocks of power over the mountains for use in eastern 
Colorado. 

The amount of water used for domestic, municipal, 
industrial, and stock-watering purposes is small in com
parison with the available supply. The mountain streams 
and lakes are kept well stocked with fish, making the 
Grand division one of the most popular fishing and sum
mer recreational areas in theN ation. 

Prc~ent development of water resources is discussed in 
more detail under three subdivisions. 

Colorado Riz•er above Gunnison River.-The Colo
rado and its headwater tributaries above the Gunnison 
River irrigate 256,000 acres, and expansion of existing irri
gation facilities will bring water to 15,670 acres more, 
bringing to 271,670 acres the total area that will be irri
gated by diversions from the Colorado River above the 
Gunnison. 

Upstream from Palisade, 186,000 acres are irrigated, 
nearly 60 percent of which is in the mountain vallcvs 
?bovc Glenwood Springs, where ditches are small, avcrag
mg 3 milt-s in len~;,'th and 8 second-feet in capacity. Water 
is IJlcntiful during mo~t of the growing season, being 
heavily applied in an1ounts varying from 5 to 8 acre-feet 
an acre annu:tlly. From this irrigation there is a large 
return flow to the river. About om~-fourth of the irri
gated bnd, however, sufTrrs from the lack of water in late 
sea~on. Supplcmcntal water can be supplied in part by 
the construction of simple canals to divcrt water from 
larger Mreams, but storage in rC"scrvoirs will also be nrres
sary. .Expcnsive construction is pr~Jhihitc.l by the low 
vah.•e of crops that are produced. 1Iost I.md proJurrs 
native gras.~t·s \'alurd annunlly from $7 to $15 an acrt', 
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Between Glcnwoori Springs and Palisade the climate is 
suitable for growing crops of higher value, such as fruits, 
vegetables, alfalfa, and sugar beets; consequently larger 
and more costly irrigation developments have been pos
sible. The irrigated lantb, being on mesas higher than 
the river, are served almost entirely from tributary streams. -
Some storage reservoirs have been provided, but about 
half of the area irrigated is in need of an additional late
season water supply. From 3.5 to 5 acre-feet of water is 
applied annually to each acre. Return flow from irri
gation finds its way into the river channel and is usable· 
for irrigation in Grand Valley and lower areas. 

In the Grand Valley, which begins at Palisade and ex
tends west almost to Utah, 70,000 acres are irrigated by 
diversions from Colorado River above its confluence with 
the Gunnison River, and 15,670 acres more will be reached 
with full expansio~ of existing irrigation systems. The 
Grand Valley Irrigation Co. built a 110-mile canal in 
1883 which serves 30,000 acres. Other smaller develop
ments followed. In 1912 the Bureau of Reclamation 
commenced construction of its Grand Valley project. 
With a diversion dam on the Colorado River 8 miles above 
Palisade, and a canal to serve lands above the existing 
Grand Valley Canal, this project now irrigates 40,000 
acres, including some lands irrigated before 1912 but now 
supplied from the project canal. Additional small acre
ages are being reclaimed each year. All irrigated lands 
in Grand Valley receive an adequate supply of water. 

Projects now in operation export about 96,000 acre-feet 
of water annually from the headwaters of the Colorado 
River across the Continental DiYide to the South Platte 
and Arkansas Basins. Several of these projects, notably 
the Denver municipal system (:Moffat tunnel) for diver
sion from Frazier Rh cr and its tributaries, have not yet 
been completed. Upon their completion average annual 
diversions will aggregate 197,000 acre-feet. A further 
exportation of 320,000 acre-feet to the Big Thompson 
River, a tribulary of the South Platte, will be po..'\Sible 
when the Bureau of Reclamation completes construction 
of the Colorado-Dig Thom~on project. This project will 
provide supplemental water for 615,000 acres of fertile 
fann land in northeastern Colorado, now insufficiently 
irrigated. Power will be generated at the newly con
structed Green J\Iountain plant on Dlue Rin-r, a tributary 
of the ColoraJo, and at five plants having combined heatls 
of 2,800 fret to be constructed in the South Platte Ba.5in. 
The Green ~fountain Rrserroir with a capacity of 154,600 
acre-feet will rl'l)vide replacement storage for use in t11e 
Colorado Riwr Ba.~in \\hen export din:-rsions would other
wise reduce ( :ulorado River flows bdow irrigation re
quirements :tnd will also provide water for power 
generation. The Granby Rcst'n•oir of 54:6,400 acre-feet 
will impound water on the upper Colorado River. From 
it the water will be lifted an average of 130 feet to a canal 
leading to Shadow !\fountain and Grand Lakes from 
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COLORADO RIVER DIVERSION DAM 
Bureau of Recl~mation completed this dam in 1915 for Grand Valley Project 

GRAND VALLEY CANAL 
This 55-mile canal carries water to irrigate lands in 

Grand Valley 

GRAND VALLEY POWER PLANT 
This plant will furnish necesJary energy for pumping 

irrigation water .·· 
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whlch the wat~ will flow in the 13-mile newly dri' en 
Alva B. Adams tunnel through the Continental Divide, 
thence through Eve power plants eventually to be con
structed. Carter Lake, Horsetooth, and oth~r reservoirs 
will regulate the water for irrigation. 

Gunnisor~ Riur.-The Gunni<;On River and its tribu
taries, including North Fork and Uncompahgre River, 
irrigate 238.000 acres of fertile lands in west central Colo
rado. About l 7 ,()01) additional acres will be served when 
prC:i>ellt enterprises are fully devdoped. 

UJr.>"1ream from Sapinero, 61,600 acres are irrigated 
along the upper Gunnison River, where lands are hlgh, the 
growing season is short; water is abundant, and crop 
values per acre are low. . 

F (rtile soils, good air drainage, careful husbandry, and 
t.;.Jensive irrigation devdopments combine to make the 
lands along the ::'\orth Fork River among the most produc
tive in the basin. To irrigate adequately the 56,200 
acres now under cultivation an annual diversion of from 
3.5 to 5 acre-feet of water for each acre would be required. 
Only :1bout half of the land no\\· irrigated has a full water 
supply. Reservoirs dnd canals have been· pro,ided at 
relaLi·.-ely high cost. Some alterations in the present sys
tt:ms and exchanges of water rights together with new con
~tmrtion will be required for maximum use of the avail
ahle water resources. 

In the valley of the t:'ncompahgre Rinr 7.0,400 acres 
are irrigated by the t:'ncompahgre project of the Bureau 
of Reclamation, and an estimated 17,000 acres more will 
be added when lands that have been drained in recent 
years are placed in production. A 6-mile tunnel carries 
water di\·crted from the Gunnison River ~est to project 
tands. The natural flow of the river, supplemented when 
nccC5.l;ary by storage releases from the upstream Taylor 
Park Reservoir, pro\iJes a full water supply. 

Le5ser tributaries of the Gunnison, including Cimarron 
Creek, Crystal Creek, Smith Fork, and Forked Tongue 
Creek irrigate substantial areas. These areas do not re
cche an adequate supply, particularly in the late-growing 
season. Water is pumped from the lower Gunni.<;On to 
about 3,100 acres of land in Grand Valley, southeast of 
Grand Junction. 

Thr("C ~mall ditches export water from the Gunni..'On 
Rivrr Basin acr065 the Continental Divide to the Arkansas 
Rh·er and Rio Grande Basins. 

Colorado Ri:·rr betu·un Gunni.wn and Gru11 Riras.
Little land is irrigated directly from the Colorado River 
between the Gunni..on and Green Rivers, but tributan· 
Mream~ serve about 45,600 acres. ~[ore than 80 perrc1;t 
of tho.e land~ are within the D~·lores Ri"cr Basin and 
rccei\e \l-ater from that litream and it.; t1 ibutarie-s. About 
100,000 acre-ferl of water alo;o are di,·ertcd west" ard 
from the Dol~m.':" Ri\Cr to irrigate 30,1)i)() acrl's of lanJ 
in ~lorltcLuma \'alky of the S~n Juan Ba..~in, and 7,400 
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acre-feet are diHrted from Lost Canyon, a tributary of 
the Dolores, to 4,600 acres in the Summit project, also in 
the San Juan Basin. 

Summary.-Present irrigation development in the 
Grand division is summarized in the following tables: 

TABLE XLII.-lrrigation reservoirs ill the Grand division 1 

So~ of water 
: Capaeity 
; !&ere-
' (~!) 

Colorado RiH~r above 
Gunni50n River 

1 
! 

I I 

Granby~---------------~ Colorado River______ .... 1.)-!6, 400 
Williams fork:----·---- William~ lork P..in·r__ ____ -l :_ 0, 2(Wl 
Green ~lountrun ________ Blue Hm'r _______________ b-1.600 
hanhoe _____ -- ____ _-_ --1 hauhoe Creek ___ •••. ---. -1 1. -!00 
:\fis..-.ouri Height.\! _______ 

1

, C:attl<' Creek_--------·-·---: 2, 8(10 
Han·ey Gap____________ East Fork Rifle _____ . ___ .. 

1 
4, bOO 

B!g C:reek ~o. L-------1 Big Creek._______________ 2, iOO 
Btg Creek ::\o. 3 ________ 

1 

_____ do __________________ · 1, 800 
Big Creek ::\o. 7-------- •••. do _____ -'---------. 1, 500 
IkOn Lake ____ .... _.---~ LE'on Creek ________ .___ 3, 000 
Cottonwood Lake Xo. L Cottonwood Creek ____ . 2, 800 

Gunnison River Basin 
I 

Tay_lor Park _______ .. ___ J Taylor Rhr-r ----- _______ •. ;lOti, 000 
Fruuland ______________ 

1 
Crystal Creek_ ____________ . 4. bOO 

0\·erland ______________ , Cow Creek·--------------i 2,600 
Fruitgrowers __________ i 8urfaceandCurrant Creeks.: 4. 600 
Park _________________ · Surface Creek _____________ : 3, 200 
Eggl~ton Lake ____ • __ . : Kiser Creek _____ ------ ____ ; 2, 700 
Barron _______________ 

1

, _____ do ___________________ \ 1, 000 
Deep Ward ____________ Ward CreeL-------------! 1,400 
Maud Lake ____________ 

1 

_____ do •..........•.•.... -~ 1.100 
Cedar ~les,a___________ Surface Creek. ___________ . 1 1.000 

Colorado River betwffn I 
Gunnison and Grfi!ll 

1
. 

Rivers · 

I.ake llope _____________ j Lake Fork of San ~ligueL.: 2. 300 
Trout Lake _______ . ____ 

1 
_____ do _______ ------------· 2, i40 

Lone Cone·------------1 ::\e.turita and Brewster: 1. 830 
i Creeks. , 

Gurle~·-----------------1 Beaver Creek_ ___________ _' 3. 200 
Buckeye._. ______ • ____ -I Deep and GeySt>r Creeks_. _ 2. 000 
Grouud Hog ___________ , B.;a\'er, Little Fish, and.· 22,000 

· Ground Hog Creeks. I 

•Inrl!ld<'> onlyl'b('rvt•lfli 11·itb rspariti~s ol ID<\f't than UUJ 11m.'- ((>('t; all ~r~~ir.~ 
l!'l'mCulonloio. 

I .\ ut hortw.l. dam 1101 v~l "''nslrurtod. 
I En~argt<m•nll';•nn••fhy cuy ol U..nnor. 

T.~LE XLill.-P•ncnt irri!:attd areas in the Gra•rd di:-isiorz 
by' Stall'S 

:'oubdivi,on 
l"o!nrlido ' t"lah Total 

Co!t)ra..lo Rin•r abon~ Gurmi,oon 
Hi\'t>r ......... _________________ '2il, 640 0' 2::1.670 

Gunnbon Hi\·er ••••••••••.•••.••.• ,l2:•.:i, 000 l1 ~ :;.:,,'\, UUO 
Colorado Hm•r brtwet"n Gu11ni..ou 1 ! i 

and Green Riwr _ •• _ ..• __ •. _ .•• ·' 3S, 000 8, 000 46, 000 

Total. -------····-------·1 :)1\4, 6i0 8, 000 542,670 

'lnduol•sl\~"tla.'"•·S '" bo- irri<'lll'dlrnm •xi,liO,: pro~M.s in On; :A \'.ll~•l"· 
'lndwieiii;,IUJ en.s ,Y ot• l.IDd to t.r: 11Tijlal"'l .Ju<l<!f Ill~ l' Drulll!JO.hf!l' pro.i<\"1. 
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TAYLOR PARK DAM IN COLORADO 
Reservoir releases supplement irrigation supplies for Uncompahgre project 

FISHING AT GREEN LAKES RESORT 
Sportsmen find excellent r shing in mountain streams and lakes 
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TABLE XLIV.-Estimated present average annual water 
consumptiort in Grand division 

Water consumed (acre-feet) 

Subdivision 
Colorado Utah Total 

----
Colorado River above Gunnison 

River. __ .!!._.- •• --- •• -- •• ------- 409,000 0 409,000 
Gunni~on River ___________________ 367,000 0 367,000 
Colorado River between Gunnison 

6.5, 000 13,000 iS, 000 and Green Rivers-----------·--·-
TotaL_---_---_-- ___ --- .••. 841,000 i3, 000 1854,000 

1 Includes allownnoo for undrvPlop!'d lanrls und~r fxistiug projects ~sUmatcd at 
05,000 ll!'l'e·lt>t:t. (See note following tublo XLIII.) 

TABLE XLV.-Estimated present aoerage annual water 
exports from Grand division 

Acre·feot 

Exporting stream l Importing stream I I 
Present t!~~~J.: 1 Total 

Colorado Rive::= South Platte.. 54, 000-~395, 000 449, 000 
Do __________ Arkan~as _____ 42,000 26,000 68,000 

Gmmi~on Rh·cr ••. _____ do_______ 300 0 300 
Do __________ Rio Grande... 2, 000 j __ o_ -~ 2, 000 

TotaL •.•• -------------- 98,300 j421,000 3519,300 

1 All oxportallons to Colorn<lo. 
I Future ir1~r""''" wtth full duvelopmnnt of present and authorized p1uj1'<'tS. 
DOlls not in('ludo lll8,0fl0 acro·ft'ilt diverted from Dolores .kivPt Jur usc in San 

J'unn area of Colorado !tivcr Bll'in. 

PoTENTIAL DEVELOPMENT OF WATER RESOURCES 

Thirty-five potential projects for development of water 
resources in the Grand division are outlined. The irriga
tion of 224,000 acres of dr} arable land and 160,220 acres 
of cultivated land lacking a full irrigation supply would be 
possible. 

Nine hydroelectric power plants with an aggregate in
stalled capacity of 288,000 kilowatts would be capable of 
producing nearly 1.6 billion kilowatt-hours of firm energy 
annually. Several other favorable power sites probal,:>ly 
will be located when detailed surveys are made. 

Some of the projects would provide municipal and in
dustrial water supplies and recreational opportunities and 
in addition would benefit fi.~h and wildlife. 

Three additional projects would increase by 160,400 
acre-feet present diversions to the San Juan area in the 

. Colorado River Basin. 
Possibilities exist for exporting annually an awrage of 

1,492,000 acre-feet acro:;s the Continental Divide to the 
Rio Grande, South Platte, and Arkansas Rivet'S. 

Potrntial pwjccts are discus.,ed under the three sub
dirh;ion~ of !he Grand di\'L~ion, 

Colorado Rh·er Basin abot•e Gunnimn Rhw 

. Of .the 14 projcrts which would expanJ irrigation by 
dJverston from the Colorado Rher ahm·e Grand Junrtion, 
3 are upsttTam from GlmwooJ Springs, 4 art' in the Roar· 
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ing Fork River area, and 7 divert from the main Colorado 
River or its tributaries between Glenwood Springs and the 
mouth of the Gunnison River. Two of these projects 
would increase power production. The water available 
for export from this subdivision would probably amount 
to 639,000 acre-feet. 

Troublesome project.-This project would serve lands 
located in Troublesome Creek Valley upstream from Glen
wood Springs and northeast of Kremmling, Colorado. 
Two dams, one to impound 7,500 acre-feet of water at 
the Rabbit Ear site on Troublesome Creek and another 
to store.9,000 acre-feet on East Troublesome Creek, to
gether with enlargement and extension of two sen·ice . 
canals, would be required to provide water for irrigating 
3,600 acres now inadequately supplied and 6,800 acres 
of new land. With the farm lands all above an elevation 
of 7,000 feet, a short growing season would limit crops to 
native grasses. 

Muddy Creek project.-Muddy Creek flows south to 
join the Colorado River at Kremmling. Along its course 
are 2,520 acres of irrigated native grass land requiring 
supplemental water and 3,620 acres of irrigable land. A 
water supply could be provided by constructing a dam to 
store 7,000 acre-feet at the Barbers Basin site on Muddy 
Creek and a 17 -mile canal to carry water from the reser
voir to project lands. 

Gore Canyon project.-Below Kremmling, Colo., 
the Colorado River flows through Gore Canyon where it 
falls 360 feet in 5 mile5. This drop could be used to gen
erate power by the construction of a low diversion d;un at 
the head of the canyon and a tunnel to convey the water 
to a power plant at the lower end. Upstream regulation 
at the existing Green Mountain Reservoir on the Blue 
River and at other reservoirs that might be provided to 
furnish replacement water for transmountain diversions 
would help smooth out natural flows for greater firn1· 
power production. With an installed capacity of 30,000 
kilowatts, th!; plant would generate 177 million kilowatt
hours of firm energy annually. 

Fourmile project.-Located 8 miles southwest of Glen
wood Springs, this project would irrigate 500 acres of new 
land and 1,400 acres in need of supplemental water. Ex· 
isting ditches alung Fourmile Creek, a tributary of Roar
ing Fork, could distribute tl1c water, but a dam to store 
2,000 acre-feet of water at Fourmile No. 4 rescnoir site 
on Fourmile Creek would be required. 

Cattle Crerk Jlroject.-OnJ.y storage would need to be 
provided to irrigate 900 acres of new land and to furnish 
5,500 acres with supplemental water. The Lmds are lo
cated along Cattle Creek, which flows w~tward to join 
Roaring l'ork, 9 miles above Glenwood Springs. The off
stream ~1 issouri Hrights Resrrvoir of 2,800 acre-feet 
capa, ity could be enlarged to a capacity of 9,000 acre-feet 
and lillcd by an enlargment of its 2-mile feeder canal from 
Caule Creek. 



USING THE WATER-GRAND DIVISION 

Capitol Creek projut.-A new service canal 10 miles 
long would be required to bring water from Snowmass 
Creek to 2,000 acres of grass lands now insufficiently irri
g-atrd from Capitol Creek. Both Sno"Wmass and Capitol 
Creeks llow northeast and converge before joining Roar
ing Fork at Snowmass, 12 miles downstream from Aspen. 

rfoody Creek project.-Two thousand acres of irri
gated land located near the junction of Woody Creek with 
Roaring Fork, 6 miles south of Aspen, could be furnished 
ample supplemental water by a new canal 13 miles long 
diverting from Roaring Fork at Aspen. Native grass is 
also the principal crop on these lands. 

Silt project.-First of five potential developments down
stream from Glenwood Spring, the Silt project would re
quire construction of a dam at the Rifle Gap site on Rifle 
Creek to provide storage for 10,000 acre-feet of water. 
Reservoir water would be released to present users from 
Rifle Creek and in exchange an equivalent amount from 
East Rifle Creek, a tributary, would be diverted southeast
ward through an improved Grass Valley Canal to supply 
1,100 acres of new land and 5,200 acres now partially 
irrigated near Silt, Colorado. 

West Divide project.-This project, located south 
across the Colorado River from the Silt project, would 
supply water to 400 acres of new land and 7,700 acres 
now inadequately irrigated. A 7,000 acre-foot reservoir 
at the Haystack site on Middle Willow Creek would be 
provided but no new ditches would be required. 

Ilunter Mesa project.-On Hunter Mesa, located 
southwest of Rifle, Colo., and immediately west of lands 
of the West Divide project are 4,700 acres of dry land and 
2,300 acres in need of supplemental water. An adequate 
water supply could be obtained from Buzzard Creek, a 
tributary of Plateau Creek, by means of a 10,000 acre-foot 
storage reservoir at the Owens Creek site on Buzzard 
Creek and a 27 -mile canal to carry water to the lands. 

Roan Creek projcct.-Along Roan Creek, which enters 
the Colorado River at Debeque, Colo., are 3,100 acres of 
irrigated land which could be furnished supplemental 
water by construction of a dam to impound 3 000 acre
feet of water at the Carr Creek site -on Car; Creek, a 
tributary. . 

Collbran project.-In Plateau Valley in the vicinity of 
the towns of Collbran, Plateau City, and ~Iesa are 7,100 
acres of new land and 18,900 acres irrigated with only a 
partial water supply. A 24,000 acre-foot reservoir at the 
Vega ~ite on Plateau Creek, supplied by a 3-mile canal 
from Leon and Park Creeks, and two new distribution 
canals totaling 42 miles in length would provide water for 
these lands. An alternative plan would utilize part of the 
water for municipal purposes in the vicinity of Palisade, 
Grand Junction, and Fruita in Grand Valley. 

Grand Valley project extension.-Five thousand acres 
of arable land above the highline canal of the Grand Val
ley project near Grand Junction could be supplied irriga· 
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tion water by pumping from the canal with lifts ranging 
, from 32 to 125 feet. 

Cisco-Thompson project.-Scattered tracts of uncle-
. veloped arable land extend from Thompson, Utah, east

ward across Grand County into Colorado. About 87,-
000 acres, of which all but 3,500 acres are in Utah, are 
situated below elevation 4,97 5 feet. Wedged between the 
Green and Colorado Rivers but high above both streams, 
theSe lands present a difficult problem to irrigation planers. 
From a reconnaissance investigation a gravity diversion 
from the Colorado River appears most practicable. The 
canal would head about three miles upstream from the 
town of Grand Valley, Colo., and continue on the south 
side of the river for 34 miles; thence crossing the river by 
siphon it would continue through a 13-mile tunnel and 
140 milt'~ of canal to the land, making its total length 
nearly 190 mil~. High lands in Grand Valley could also 

. be irrigated from this canal making unnecessary the pump
ing outlined in the Grand Valley project extension. Sum
mer flow of the river would be insufficient to supply both 
this project and irrigation demands in Grand Valley. To 
make up deficiencies in Grand Valley, replacement stor
age could be provided at the Whitewater site 6 miles above 
the mouth of the Gunnison River, where, without detailed 
surveys, it is estimated that a dam 200 feet high would 
impound 1 Y2 million acre-feet. The upper 50 feet of 
storage would provide full stream regulation. With res
ervoir outlets 150 feet above the stream, a canal could 
run to the northeast, delivering water by gravity flow to 
the existing Grand Valley canal near Paliside, but a 
45-foot pump lift would be required to serve the Highline 
canal. Water· released through an outlet in the west 
abutment of the Whitewater Dam would irrigate 4,700 
acres of land in the Redlands area south of Grand Junc
tion. Power could be generated under a minimum head of 
150 feet by release of surplus storage water from the reser
voir. The power plant would have an installed capacity 
of 18,000 kilowatts and the annual output would amount 
to 100 million kilowatt-hours. 

Colorado River-Yampa River diversion project.-By 
. diverting surplus waters of the Colorado River at Kremm

ling, Colo., through a tunnel to the headwaters of the 
Yampa River, this project would substantially increase t11e 
power potentialities of the Yampa and Green Rivers 
(Green division) and reduce in a Jesser amount the poten
tial power output of the Colorado River in the Grand 
division. It presents an alternative possibility and merits 
further studv. 
, Potential ~xport diversions.-SurpJus water of the Colo

rado River above the entry of the Gunnison River could 
be exported eastward across the Continental Divide for 
use in the South Platte and Arkansas River Basins. With 
adequate diversion works and rrplacement storage reser· 
voirs for supplying irrigation requirements in the Colo
rado River Basin, and either replacement water for power 
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~;eneration or replacement power for the Shoshone plant 
~f the Public Service Co. of Colorado at Glenwood 
Springs, it is estimated that water would be a\·ailable for 
exJX>rt as follows: 

TABLE XLVI.-PotentUJ txport diversions from Colorado 
Riz·a abot•e Gunnison River 

I E:<t>mat•-d 
av~I'Bj!~ annual 

Erp<>l1ing !'tffam lmP<>nin~ basin j arn•Junt anJl-

1 

a~ok- forur"'rt 
(at~ll 

-E-af!-_II'_R __ i-,.e_r_a_n_d -P-i11-e~-, _C_ree_k _____ -_,i-So-u-th_P_l-at-te ____ -_ _ 160, 000 

l>Jue Rtn•r _________________________ do_________ 290,000 
William~ Rin•r _______________ -',---_.do ______ -·- 50, 000 
Fr\'in~ Pan River.-------"----- Arkan;;.a.o_______ 64,000 

c~-·~:::·.·: :: ::::::: :::::J:::::~·:::::: ::r I ~~: 
\ 
I Cunniton Ricer 
l 

Future developments outlined for Gunnison River Basin 
inJude thirteen projects to irrigate 91,530 acre;, produce 
1 ;6 million kilowatt-hours annually, and ser\'e other pur
fYJ..<.es. Transmountain diversion projects would export 
853,00J acre-feet of water annually to the Rio Grande 
and Arkansas Rivers. l 

Tomichi Creek project.-This project would bring into 
production 3,100 acres of arable dry land and provide 
supplemental water for 8,300 acres of partially irrigated 
gr~ lands along Tomichi Creek, extending upstream 
from Parlin, Colo., which is 10 miles southeast of Gunni
son. A 10,000 acre-foot reser\'oir at the Upper Tomichi 
Creek site and a 22-mile canal to reach part of the area 
would be required. In the event an export diversion 
project is constructed which would divert water from 
other tributaries of the Gunnison River into the Tomichi 
Creek Basin en route to the Arkansas Basin, a la.rger 
acreage in the Tomichi Creek Basin could be irrigated. 

Cochetopa Creek project.-Twenty-five miles south of 
Gunnison along Cochctopa Creek, a principal tributary of 
Tomichi Creek, are 3,900 acres of irrigablc land and 4 iOO 
acres of irrigated land requiring supplrmental water.' A 
full irrigation supply could be obtained for these lands 
\\ith a 5,500 acre-foot re.<;.trvoir at the Banana Ranch ~ite 
on Cochetopa Creek and a 2,500 acre-foot reservoir at the 
~lcDonou.ch site on Los Pinos Creek, a tributary. A new 
canal would also be required to reach part of the area. 

oh;;r;ruk project.-High bnds along Ohio and Antl"· 
lope Creeks north of Gum1ison, C'..olo., suitable for gro\\ ing 
nativr gras.<oe.s would be irrigated by this projl'cl. Abou~ 
3,470 acres of new land would be furnished a full!>upply 
of water, and II ,3fl() acres in need of more w:1tcr, a ~upplc· 
nH:ntal supply. Two re;(•n·oirs woulJ hr requirrJ: Lakr 
Brennan ( caparity to be rnlar~t'J from 3iG acrr-it·rt to 
3,000 acre-fed) on Anthracite Crn'k, a tributary of 
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Korth Fork River, and Castle Creek (6,000 acre-feet 
capacity) on a tributary of Ohio Creek. A 2.5-mile canal 
to carry storage releases from Lake Brennan to Ohio Creek 
and canals to reach the new land would be needed. 

Lake Fork project.-On Lake Fork of the Gunnison 
River 2 miles south of Lake City, Colo., is a potential 
power site. The development would include a dam near 
the outlet of Lake San Cristobal creating a resen·oir of 
29,800 acre-feet capacity and a conduit 2.85 miles long; 
connecting the reservoir with a power plant in Wade 
Gulch. Nearby on Henson Creek a low diversion dam at 
Hidden Treasure ~lill would divert the flow into another 
conduit 2.45 miles long. The flow of both Lake Fork and 
Henson Creek would be available for power production 
under a static head of 308 feet. The power plant installed 
capacity would be 6,000 kilowatts and the annual firm 
production 12 million kilowatt-hours. 

Sapinero project.-Potential transmountain diversions 
from the headwaters of the Gunnison River would require 
a reservoir for re-regulation of the flow before it enters the 
Black Canyon of the Gunnison. A dam at a site near 
the mouth of Sapinero Creek could also be utilized for 
power production. A power plant could be constructed 
at the darn with an installed capacity of 18,000 kilowatts 
capable of producing 100 million kilov;att-hours each year. 

Fruitland Mesa project.-Crystal Creek, flowing south
west ioins the Gunni..<;On River about 4 miles upstream 

. from the intake oortal of the Gunnison Tunnel of the t: n
compahgre Reciamation project. Its waters are diverted 
northward to lands on the Fruitland :Mesa south and west 
of Crawford, Colo. An additional supply of about 35,-
000 acre-feet yearly could be brought to Crystal Creek 
from Curecanti and Sapinero Creeks to the east by means 
of 30 miles of canal and 3 miles of tunnel. Stream regu
lation would be prO\ided either in the basins of origin, on 
Crystal Creek, or by the enlargement of the existing Gould 
or Fruitland Resen·oirs, supplied by a canal from Crystal 
Creek. A full watrr supply would be furni~hed 7,650 
acres of new land and 9,590 acres now irrigated would 
receh·e supplemental water. 

Smith Fork projcct.-Construction of a 4-mile feeder 
canal from Smith Fork to supply a 15,000 acre-foot reser
\'oir at the Grand View site south acro..<s the creek from 
Cra\\ ford, Colo., and the enlargement and extension of 
existing di!'tribution canals would male possible the irri
gation of 4.23U acn~ of n('W land and prO\·ide supple
~ental water to 9,220 acres now in.l-u!ficiently irrigated, 
all in the vicinity of Crawford. 

Paonia projcd.-Constructit'll of a dam to store 14:,000 
acre-feet of water at the Sprin~ Creek site on East ~Iuddy 
Creek a tribut.tT\' of the I\orth Fork of Gunni.<;On River, 
anti u:e enlar'-!t'm~nt of a 35-mile dimibution canal would 
bring water t~ 2,000 acrrs of new land and supplement 
pre!'mt in.ldl·qu.lte supplirs for 12, iOO acres located north 
of :\'orth Fork near llotchLi~<., Colo. Thll: pbn ll: a modi-
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fication of the Paonia project as previously authorized for 
construction. 

Minnesota project.-This project would require only a 
3,000 acre-foot reservoir at the Beaver site on Minnesota 
Creek to supply water to 2,600 acres of partially irrigated 
land and 200 acres of undeveloped land located south of 
North Fork River near Paonia. 

, Lerou.'( Creek project.-A reservoir with a capacity of 
10,000 acre-feet at the Castle site on Deaver Gulch sup
plied by a 1-mile canal from Leroux Creek would provide 
water for 3,900 acres of dry land located on Redlands 
Mesa north of North Fork River near its confluence with 
Gunnison River. A service canal 8 miles long would be 
required. 

Grand Mesa project.-Currant, Surface, and Tongue 
Creeks join the Gunnison River a few miles downstream . 
from its confluence with the North Fork. Surplus flows 
of these streams could provide supplemental water for · 
18,200 acres of fertile land now irrigated and a full 
supply for 5,200 acres of good arable land. Construc
tion required would include a dam to store 12,000 acre
feet of water at the Gorsuch Reservoir site on Currant 
Creek, a 19-mile feeder canal, and a 20-mile distribution 
canal. In addition, Eggleston Lake on the headwaters 
of Forked Tongue Creek, which now stores 2,700 acre
feet, would be enlarged to store 3,700 acre-feet. 

Ouray project.-The Uncompahgre River, a tributary 
of the Gunnison River, heads in the San Juan Mountains 
of southwestern Colorado and in the first 27 miles of its 
course falls 3,200 feet. 

The best power sites are in a canyon near Ouray, Colo. 
A few miles south of the town an earth dam could be 
constructed on Red Mountain Creek at Ironton Park 
creilting a reservoir of 21,900 acre-feet to regulate the flow 
of the creek and to receive the flow of the Uncompahgre 
River diverted around the mountain side in a conduit. 

A power plant down the canyon would receive water 
from the reservoir under a head of 1,130 feet. Below 
this plant the Uncompahgre River would be diverted to a 
second power plant at Ouray where a power head of 750 
feet could be utilized. The third and final stage of the 
power development would be a power plant below Ouray 
at Bachelor Switch with a head of 475 feet. The total 
in~talled capacity of the entire development would be 
16,000 kilowatts and the annual firm production 64 mil
lion kilo\\-att-hours. 

Regulated power water releases below the Bachelor 
Switch power plant could be diverted in summer for the 
irrigation of 9,330 acres of new land and 2,340 acres in 
need of supplemental water on Log Hill Mesa, northwest 
of Ridgeway, Colo. A diversion dam and a canal 37 
milc:s long would be required. The Ironton Park Reser
voir would also provide some flood control downstream in 
Uncompahgre VaHey. 
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Redlands project.-Lands on the Redlands Mesa west 
of Grand Junction, Colo., are irrigated by pumping 
from the Gunnison River with lifts ranging from 100 to 
300 feet. An extension of present facilities within rea
sonable pump lifts would make possible the irrigation of · 
1 ,600 acres of new land. 

Potential export diversions.-The Arkansas River Basin 
ana to a small extent the Rio Grande Basin could receive 
water conveyed across the Continental Divide from head
waters of the Gunnison River. With works to collect and 
divert the water, including pumps with lifts up to I ,000 
feet, and reservoirs from which to replace water required 
for irrigation and power generation in the Colorado River 
Basin, the following exportations could be made: 

TABLE XLVII.-Potential Export Diversions from the 
Gunnison River 

Exporting stream Importing basin 

Estim~i•d 
average quan
tity available 

for export 
annuallr 
(acre-feet) 

Gunnison River and tributaries Arkansas_______ 460,000 
above Gunnison, Colo. 

Gunnison River and tributaries _____ do_________ 340,000 
below Gunnison, Colo. 

Anthracite CreeL. ____ ... _______ . __ do.- ____ .__ 40, 000 
Cebolla Creek _________________ Rio Grande _____ 

1 

13,000. 

TotaL _________________ ----·-----------~ 853,000 

Colorado Rit•er between Gunnison and Green Rivers 

Possibilities for irrigation development in this part of 
the basin include four projects along the Dolores River, 
principal tributary of the Colorado River in this area, 
and two along lesser tributaries. Two main stream power 
potentialities are also described. Power development 
possibilities are believed to exist on the Dolores River 
and· its tributaries but have not been investigated. In 
addition, three diversion projects would benefit lands in 
the adjoining San Juan division or the Colorado River 
Basin. · 

Saucer Valley project.-Disappointment Creek is the 
first stream to join Dolores River after it flows into San 
Miguel County. Along the creek are 1,300 acres of irri
gated land requiring supplemental water and 5,000 acres 
of undeveloped land in need of a full supply. This area 
could be served by a 14,000 acre-foot reservoir at the 
Custer site on Spring Creek with a feeder canal from Dis· 
appointment Creek. Two new service canals would also 
be required. 

Nucla project.-Suppiemcntal water is needed for 
5 ,800 acres of irrigated land located north of San Miguel 
River near Nucla, Colo. A full supply of water could 
bring into production 5,700 acres of dry land ~ituated 
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northwest of the town. Water nece..o;sary for all of these 
lands could be provided by co~truction of dams to store 
20,000 acre-feet at the Finch site on Horsefly Creek and 
5 000 acre-feet at the Cottonwood site on Cottonwood 
Creek, and by enlargement and extension of the Colorado 
Cooperative canal. Both reservoirs would be on trib
utaries of the San Miguel River. Future water supply 
studies may show that water from these reservoirs could 
replace water from other tributaries now used on lands 
within the project area, thus releasing water from those 
tributaries for use on lands south of the river in the San 
;\liguel project. 

San Miguel project.-A new aqueduct, heading on the 
south bank of the San Miguel River, 4 miles downstream 
from Vance Junction could continue west past Fall, Sal
tado, and Beaver Creeks to the Miramonte and Stone 
Cabin Reservoirs. The aqueduct could divert natural 
flows of intercepted streams, including some water now 
tL<.ed near Nuda, providing replacement storage can be 
had at the future Finch and Cottonwood Reservoirs of the 
Nuda project. :Miramonte Reservoir on Naturita Creek 
,,·ould have a capacity of 63,000 acre-feet. Water re
leased from ~Iiramonte Resen·oir would supplement 
present supplies for 14,100 acres and irrigate 33,900 acres 
of new land in the Dry Creek and Gypsum Creek Valleys 
and near Norwood and Red\·ale. Stone Cabin Reservoir 
to provide 12,000 acre-feet of storage capacity on Dry 
Creek could store natural and return flows of Dry Creek 
in addition to that supplied from the feeder canal for use 
on 7,000 acres of new land along East Paradox Creek. 
The Gurley Reservoir on Anderson Creek would be en
larged by 7,800 acre-feet to a total capacity of 11,000 
acre-feet and its existing feeder canal \\·ouH be enlarged 
and extended to Fall Creek. The enlarged reservoir 
could scr\'e the same area as Miramonte Resen·oir. 

West Paradox project.-\\'est Paradox Creek originates 
in Utah and flows southeast to join the Dolores River in 
Colorado. In its valley are 3,900 acres of irrigated land 
in need of supplemental watrr and 5,500 acres of arable 
dry land. At the present time high ditches bring water 
from nearby streams to West Paradox Basin where storage 
is provided at the 2,000 acre-foot Buckeye Reservoir. 
Full development would require present collecting ditches 
to be enlarged and extended to bring Taylor Creek into 
th~ system. The capacity of Buckeye Resen·oir would 
need to be increased from 2,000 to 9,500 acre-feet and a 
new service Lanai constructed. 

Derrey firojat.-The Dewey Dam site L<~ in Utah on the 
Colorado River 3 miles below the mouth of Dolores River 
and 16 miles southeast of Cisco, Vtah. A dam to raise 
t.l1e prc:-ent rivrr water surfare from an cl~\'ation of 4,085 
feet up to a maxir.mm surface of 4,405 feet wm.Id create 
a reservoir with a total capaLity of 8,200,0()() acre· feet and 
an acti\ e capacity cJ{ G,JOO,OOO acre-fl'et. The n-st•n·oir 
would rxtend 55 mil('S up thr C, .loraJo RinT and 20 milt'S 
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up the Dolores River with 110 square miles of lake surface 
and a maximum width at the lower end of 12 miles. The 
Denver and Rio Grande Western Railroad and highways 
U S 50 and Utah 128 would be relocated out of the 
flooded area. The town of Cisco, population 53, lies en
tirely within the reservoir site but if relocated on the 
reservoir shore line and on both a railroad and a transcon
tinental highway, it should have ample opportunity to 
become a resort center. The development would be 
multiple purpose for silt retention, flood control, recrea
tion, hold-over storage for river regulation, and power · 
production. A power plant at the dam would have an 
installed capacity of 140,000 kilowatts and could produce 
797 million kilowatt-hours of firm energy annually. 

.Moab project.-A dam on the Colorado River, just 
above the highway bridge on U S 160 at :Moab, Utah, 
would back the river up to the Dewey Dam site. The 
present stream elevation at the site is 3,94 7 feet and the 
reservoir would have a surface elevation of 4,085 feet and 
a capacity of 183,000 acre-feet. The town of ~foab 
would not be inundated. The power plant installed at 
the dam would have a capacity of 60,000 kilowatts and 
an annual firm production of 344 million kilowatt-hours. 
The development would be multiple purpose for silt re
tention, flood control, recreation, bold-0\·er storage, and 
·power development. 

Pack Creek project.-Along the lower channel of Mill 
Creek and continuing up Pack Creek, its tributary, is a 
10-mile strip of land which includes 3,150 acres of good 
soil. Only 1,950 acres, mostly in the downstream por
tion near :Moab, Utah, are irrigated, and these require 
supplemental water some years. A reservoir of 3,000 
acre-feet capacity at a site on .Mill Creek located just up
stream from the land could store water to supplement 
existing supplies for the lower portion of the strip and to 
replace Pack Creek flows \\hich could then be used en
tirely on the upper part. Also by driving a tunnel 6-1-0 
feet through a ridge, ~fill Creek flows above the reser
voir could be diverted to augment the water of Pack 
Crrck in irrigating the upper lands. 

llatch Creek project.-Hatch Creek, known also as 
Cain Spring Creek and Lockhard Creek, flows northwest 
and enters the Colorado River 12 air-line miles southwest 
of ~Ioab. On two of its tributaries, Coyote and East 
Canyon Creeks, are two pwmising reservoir sites which 
have been surveyed by the State engineer of Utah. Below 
each site are strips of unde\'cloped and unclassified land 
which arc considered arable by local inten~ts. Water 
supplies ha,·c not been determined but it is probable that 
8,500 acre-feet of water could be stored on Coyote Crt'tk 
and 2,500 acre-feet on East Canyon Creek to supplement 
natural flows for irrig-ating about 4,000 acres of land. 

Pvtt'ntial di;•ersinus lo San Juan dil'ision.-Prcscnt 
di\'rrsiuns of watt·r from tht Dolores Ri\'t~r to lands in the 
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San Juan River Basin, averaging 108,000 acre-feet an
nually could be increased 38,000 acre-feet by expansion 
of the existing Montezuma Valley project, and 120,600 
acre-feet by construction of the Dolores project, including 
a Jam to impound 185,000 acre-feet at the McPhee site 
on the Dolores River. Reservoir losses would consume 
approximately 6,000 acre-feet, reducing actual delivery 
under the Dolores project to 114,600 acre-feet. 

These three projects are more fully described as poten
tial developments in the San Juan division. 

'summary 

The potential Blanding project would divert water 
from the head of Ing.ian Creek, the lowest tributary of the 
Colorado River in the Grand division, to lands in the 
San Juan division. A 1-year record of stream flow 
( 1928) indicates that an annual diversion of 1,800 acre
feet might be made. 

The following tables summarize the plan for ulti
mate development of the Grand division, showing po
tential projects and their multiple purposes, estimated· 
costs, potential reservoirs and their capacities, new lands 
to be irrigated, areas to be furnished a supplemental sup
ply of irrigation water, potential di\'ersions to the San 
Juan Basin in the Colorado River Basin, potential export 
diversions, and estimated amounts of water to be con
s~med and exported by States. 

TABLE XLVIII.-Potential projects in the Grand Division 

SubdivisJon and project Location or proJect Source or water supply 

Colorado River above Gunnison 
River 

Troublrsomc. _. _____________ ----- Colorado_______________ Troublesome Creek __________ _ 
1\Iuddy Creek ____________________ ••••. do _________________ Muddy Creek _______________ _ 
Gore Canyon _____ •• __ • ___________ • ___ .do _____ •• ___ ••• ____ Colorado River----- •• _____ • ______ _ 
Fourmile._-_ •. _ •••••• ________ •• _ . _ ••• do __ •••••• __ • ___ •• _ Fourmilt' Creek •• _. ______ • _______ ~ 
Cattle Creek ______ • __ • ____ •• _. ___ • _ ••. do _____ ••• ____ ._ •• _ Cattle Cr!'ek ______ ••• _________ • __ _ 
Capitol Crprk •••• ____ • ~. __ •• ___ • ___ ••• do ___ • ________ .____ Snowmass Creek._._. _____ ._. ____ _ 

~;~~~~: ?~~~~: ::::::::::::::: ::_- -_ :_--_ :ddo
0 

____ -_:: ._: • ____ -: _- ._. __ = Roaring Fork. ____ • _______ • ______ _ _ _ _____ Rifle Cr~;>ek ______________________ _ 
Wt'Et Divide. ____________________ -----dO.---------------- Middle Willow Creek _____________ _ 
Hunter 1\lt'sa ••.•• _ •. _____ • _. _ ••• _____ .do •• _____ •• ______ ._ Buzzard Creek._. __ ••• _____ •• _. __ . 
Hoan Creek ••• ---------- __ ··----- ••••• do ___________ ._____ Carr Creek. ________________ ------
Collbran ____ --.- __ -- _________ ---- __ ••• do_________________ Plateau Cre!'k. __ • ____ ---·- -------
(;randTVallPy Extension _______ ---- _ •••• do _______________ •• Colorado River ____ ------- _______ _ 
C1sco- hompson __________________ Utah and Colorado ______ ••••• do.a _________________________ _ 

Gunnison River 

Tomichi Crt'ek ______ ·----· -· -·- __ Colorado. __ --·---------

Colorado River between Gunnison 
and Green Rivers 

Tomichi Creek·-··----------------
Cochetopa Creek. ____ ------- ___ ••• 
Anthracite, Castle Creek. _. _______ • 
Lake Fork.------------------·---
Gunnison IUver _ •• ·-· -------------
Cur!'cante. Sapinero Cretks ________ _ 
Smith Fork. _____ --------- ______ __ 
East Muddy Creek and North Fork. 
Minnesota Creek _____________ -----
J,eroux Creek •• __ . _________ •• _._._ 
Currant, Surf are, and Tongue Creeks. 
Uncompah!/,re River ______________ _ 
Gunnison River. _________________ . 

l'aurrr Vall~v n" D' C k ~ 1 • ----·---------------- • • 1sappointmrnt roe -------------
;~nr 1r(g~;.i~.- :: ::.·_-_·_-_- -_-_-:_-_-_-:: _-_-1- --- -"'!'''"u ____ - ••.. ----- --··-1 Hor~f>IIV and Cottonwood Cr!'eks. __ _ 

' -- -- • _ _ _ ~n And~r~on, Naturita, Dry Creek 
\Ye•t Pa d . _and San 1\Iigurl JtivN. . 

ra ox ••. -------·---- _______ ._.do •••••• _____ ••• ___ "('~t, Paradox, Deep, and Gey,;er 

Purpose to bet EstimaW! oon• 
served structi(m C<Jst J 

I, F 
I, F 
p 

I, F 
I, F 
I 
I 

I, F 
I, F 
I, F 
I, F 

I, F, M 
I 

P, I, F, H, S 

I, F 
I, F 
I, F 
P,F 
P,F 
I, F 
I, F 
I, F 
I, F 
I, F 
I, F 

p~ I. F 
J, F 

I, F 
I, F 
I, F 

I, F 

$2,210,000 
500,000 

3, 800,000 
600,000 
430,000 
130,000 
170, 000 

1, 320,000 
1, 300, 000 
1, 500,000 

610,000 
1, 940, 000 

415.000 
34,240,000 

1, 860, 000 
1, 150,000 
I, 080,000 
1, 300,000 
7, 800,000 
3, 500,000 
2, 200, 00t) 
1, 400,000 

820,000 
2, 800,000 
1, 920,000 
4, 100, 000 

367, eoo 

9-10,000 
1, 500,000 
6, 590,000 

n I CreC'kS. 

r~E:~:i~r~~~~~~~~~~~;;;~~~~~~~~~~ :~:t~~~~~i~~~~~~~~~~~~~~~ -ti!~~cr;~~~~\~r:_;~~~~~~~~~~~~~~~~~; ~:f.:;:~ 
640,000 

38,000,000 
9, 900,000 

7i5, 000 
400,000 

Tot nL _. _______ • ____ • _____________________ • ______ • _______ • _____________ • _____ •. _________ . ______ . __ 138, 207, 000 
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TABLE XLIX.-Potential reservoirs in the Grand division 1 

Subdivision and name or site 

Colorado River above Gunnison River 

Rabbit Ear _____ ---------- .. --------------
East Troublesome •... - .... -_.--.----- •• - .. 

• Barbers Basin.--.-.-·-- ••• -.- ... ---------
Fourmile No.4.-------------------.---- .. 
Missouri Heights enlargement ___ .-.-- •••.. -
IWI.e Gap.------- •• -.- .. ------------------

~!-~~~ac~~~f~ =: =: =: = = = = = =:::::::::::::::: 
Carr Creek. __ .-- •. -.--------------------'r e!(a ... ~ _ .. - - - .. --- .. ~ -- ~ - - - .. - - - - - -- - - - - -- ---

Gunnison River 
Tomichi. __ • ___ -- ____ ----. __ . __ ----- ____ _ 
Banana Ranch ____________ . ____ .----- ••••• 
McDonough ____ • __ -----._--- ______ .. _____ _ 
J,ake Brennan enlargement ..•.. -.-.--._._._ 
Castle Creek .• _.---- ____________________ _ 
Lake San CristobaL ________ . ____ . __ . __ . __ 
Sapinero ___ •• --. __ •..... _ ••••.••• _ •. ____ _ 
Grand View •• ----. ____ .•. - .. __ •. _.--._ 
Spring Creek.------.-.---- .. _-----.---.-. 
Beav!'r ----- __ •• ____________________ • ____ _ 
Castle. __ ....... _________ . _____ -" _______ _ 
Gorsuch •• __ -·----.- •. __ .. ___ . ___ ._ •••••• 
Eggleston enlargement. .. __________ . ______ _ 
Tronton Park. ___ •• __ .-.------ •... -.----.--
Whit!lwater _. __ . ----- _ ••.... --------. __ --

Colorado River between Gunnison and Green 
River 

Custer_ ••. _____ . __ • _ 
Finch ••....••••••••••.•. __ .. __________ . __ 
Cottonwood ..• _________ .. ______ ._. 
Gurley enlargement.._ _ _. _ _ __ _ 
1\Iiramonte ..•. _ ---- •. ----- ______ . _. _____ _ 
Stone Cabin ____________________ --------
Buckeye enlargement ••.• _________________ _ 
Dewey------. ________ . _________ .• _______ _ 
!\Ioab ________ . _. __ .. ______________ .• ____ _ 
Mill Creek •.••• __ •. _. __ .... ___ ... ___ •. _ ... 
Coyote •••..•.... _ .. ___ • _ .. ______ •.• ___ •• 
East Canyon •••• __ • ______ ._. ____ . ___ • ___ _ 
1\Icl'hee 2 ••• __ ••••••• ____ • _ .. __ • __ •• ____ _ 

Source of water supply Project served 

Troublesome Creek. ___ ._ .... _. __ . __ .. ___ Troublesome ... ________ _ 
East Troublesome. ___________________________ do ______ ---- ______ _ 
Muddy Creek. __________ . _____ . ________ . 
Fourmile Creek ____ . _ ~ ____ .. __ .. _. ___ ... 

Muddy Creek ... _______ _ 
Fourmile. __ ----- .. ____ _ 

Cattle Creek ••... ___ • _____ ... _________ _ Cattle Creek. __________ _ 
Rifle Creek ••.. _______ ------ __________ _ Silt ______ .. __ ... _. ____ _ 
Middle Willow Creek _________ .. __ . __ •• _. West Divide... ____ _ 
Buzzard Creek. _____ . Hunter Mesa __________ _ 
Carr Creek .•• __ • ___ • _ . _ . _ . _ .. ___ . ___ . __ Roan Creek _________ _ 
Plateau Creek _____ ------. ______ .. ______ _ Collbran •• ____ . ____ .. __ 

Tomichi Creek ___________ ---------- _____ TomichL ••. __________ _ 
Cochetopa Creek ..•.. ___ .. ____________ ._ Cochetopa ... __________ _ 
Los Pinos Crook ______________ • _______________ do _________ • ______ _ 
Anthracite Creek .• ______ . ______ .. _______ Ohio Creek. ___ ------. __ 
Castle Creek ____________________ .. _. ________ .do .•. _____________ _ 
Lake Fork River. Lake Fork·-----~-------
Gunnison River __ • ___________ .. _________ Sa pi nero ______________ _ 
Smith Fork Creek._.____________________ Smith Fork ..• _________ _ 
East Mudd.v Creek. __________ .__________ Paonia ••• _____________ _ 
1\Iinnesota. Creek •• _. ___ ._. __________ ._._ Minnesota __ ... _ 
Leroux Creek. ___________ ••• _ •• _________ Leroux .•• _. ____________ . 
Surface, Tongue and Currant Creeks.-~- __ . Grand Mesa. ____ ... ___ _ 
Surface Creek _________________ • ____________ .• do. ______________ ._ 
Uncompahgre River __ .__________________ Ouray ___________ •• ____ _ 
Gunnison River _________________ . ______ • Cisco-Thompson. ___ . __ _ 

Total capacity 
(at:re·feet) 

7. 500 
9; 000 
7, 000 
2, 000 
9, 000 

10,000 
7, 000 

10, 000 
3, 000 

24,000 

10, 000 
5, 500 
2, 500 
3, 000 
6, 000 

29,800 
200,000 

15,000 
14,000 
3, 000 

10,000 
12,000 
3, 700 

21,900 
1,500, 000 

Disappointment Creek. ___ .. ___________ •• Saucer Valley ______ . __ .. 14, 000 
Horsefly Creek .•. ___ •. ____ ._ .•. ______ ... Nucla .•• ______ .. __ .____ 20, 000 
Cottonwood Creek _______________________ ...•. do_________________ 5, 000 
Anderson Creek. _____ . _____ . ___ .________ San MigueL___________ 11, 000 
Naturita Creek __________________________ .•.•. do ________________ . 63, 000 
Dry Creek .••••••• _ •••.. __________________ •••• do •••• ______ .______ 12, 000 
Deep and Geyser Creeks. ______________ .. West Paradox •••. _____ ._ 9, .~00 

8~~~~:~~-~~~~r----~:::: == = = ~ = = = ~= == :::: == = r~~~~~= ===== == = = = = ==== = 

8
' i~: g~ Mill Creek .•.•..• ________ . ______ . ___ .____ Pack Cr.-.ek .. _____ .. _ __ _ 3, 000 

~~fr?:~~~r~~~~~~: ~ ~ ~ ~ ~ ~:: ~:: ~:: :::::: -~~:~~~r;;;~:::: :::::::1 lSi:~~ 
1----

Tota.L •.•••. - .• _.- •. ____ • ___ •.• ____ ~ _ ....... ___ --- __________ . _______________ ...... ____________ • ___ -I 10, 641, 400 

I Does not Include reservoirs lor potential export diversions. 'Water diwrt!'d to San Juan Ba.•in within Colurado Riwr Basin. 
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TABLE L.-Potential irrigation development in the Grand division 

Area to be benefited (acre.<) 

Subdh·i:!!l'no and project Stale 

New land Total 

Colorado River above Gunnison River 
Troul,lc~Om(• .... _. _ ••. _ .............. --------- ................. : ... Colorado.-------.-- 6, 800 3, 600 10,400 

~~~~~~1?~~::: ::::::::::::::::::::::::::::::::::::::::::::::::::: ::: J~:: ::::::::::: 3, 620 2, 520 6,140 
500 1, 400 1, 900 

Cattle Creek .. ___ ... ________ .................. __ , ___ .... --------- ....... do ...... ------. 900 5, 500 6, 400 

~~~{~~~1-~~~~-::::::::: ::::::::::::::::::::::::::::::::::: ======= ::: :::: =~~:: ::::::::::: 
West Divide.. ____ ............ _.- .. --------------------------------- ..... do ... -·--------
HnntPr 1\l('sa. _________ ---.----- ... _ ---- ... _ ----------- __ .. ---------. . ..• do ... ---·------

0 2, 000 2, 000 
0 2, 000 2, 000 

I, 100 5, 200 6,300 
400 7, iOO 8,100 

4, 700 2, 30()- 7,000 
Ronn ('reek ... ------ _______ ....... __ ... --.----------------------- ....... do .... ---- .... _ 0 3, 100 3, 100 
Collbran .•.....••.. _______ ........ -------- ..•••. ---------.--------- • ---.do ...... ------- 7, 100 18,900 26,000 

gls~~~1:(l~'l~~s~~~~~~i~~~:::::::::::: ::::::::::::::::::::::::::::::::: -c"oi~~~do "and "utah:: 5,000 0 5, 000 
87,000 Ol 87,000 

1-------1-------1-------
t'ubtota.L ..................... --------- ... ------------------- -------------------- ll7, 120 54,220 171,340 

Gunnison River 
1===1===1=== 

Tomichi Creek._ ... __ ............. ------------ ____ ------ __ --------. Colorado ...• ______ . 
'Cochetopa Creek .... ___ ...•.. _____ ......... ____ ............ -------- ..... do ..•••. -------

3, 100 8, 300 11,400 
3, 900 4, 700 8, 600 

Ohio Creek_ .• __ • ___ •..... __ ........... __ .... ____ ......... __ •• __ ........ do ........ ___ ._ 
Fruitland :\le~a ..... _. ____ ... _ ... __ ................. __ ..... __ ................ do ____ ......... . 

3,470 11,300 14, 770 
7, 650 9, 590 17,240 

l'mith .Fork ..... ___ .... _____ ._ .• __________ ---------._ ..... --------_ ..... do ............ . 
Paonia .... ___ .. _ ..... _. _____ ........... ______ .. ------------------- ..... do ............ _ 
Minnesota. _____ .. ____ .. __ .. _ ... _____ .. __ . ________ ._--------------_ ..... do ____________ _ 
Leroux Creek._ ... ______ • ________ ................ _____ .... --------- ..... do .. ____ •• _ .••. 

4, 230 9, 220 13, 450 
2, 000 12,700 14, 700 

200 2, 600 2, 800 
3, 900 0 3, 900 

(1rand :Mesa. _. ___ ... __ .. ____ .. _ .. ___ ----------------------------- __ ... do ____ ........ .. 
Oura._v ....... _________ ..... _____ ... ___ .. __ ---------------------------- ...... do ........... .. 
Redland~. __ .... ____ ...... _____ . _. _______ ----------- ______ --------. ____ .do .. __________ _ 

5, 200 18,200 23,400 
9, 330 2, 340 11, 670 
l, 600 0 1, 600 

1--------1-------1--------
SubtotaL ....... _ .. _ ......... _ .. _ ..... _ .•.• _ .......... _____ .. 44,580 78, 950 123,530 

Colorado River between Gunnison and Green River 
1=====9======1----= 

5, 000 1, 300 6, 300 
5, 700 5, 800 11, .500 

40, 900 14,100 55,000 
5, 500 3, 900 9, 400 
1,200 1, 950 3, 150 
4, 000 0 4, 000 

SuhtotaL ...... ____ . ________ . ------- ______________ ------- ...... _______ .... __ . _ •• __ . 62,300 27,050 89,350 

TotaL ..• -------. _______ .. ------.-------- .. ---- .. -----· ••••.. ------------------- 224,000 160,220 

TABLE LI.-Potential irrigation development in the Grand division by States 

Area to be benefited (OC"'-') 

Slate and subdivision 
NewiBild ·Total 

, Colorado 
Colora.<io River ab()Ve Gunni~on Rhw 
Unnnison River. ... __ . _____ . __ .. _ -------------------
Colorado Hiver betWe«!n Gunnison ----- ·---- .... 

33,620 54, 220 87, 8~0 
4-1, 5RO 78, 9.10 123, 530 
57,100 25,100 82,200 

:;lniJtota.L ------- 135,300 15S, 270 293, 570 

Utah 
Colorado Hiver above Gunnbon Hiver 
Colorado Hivcr between Gunui.~on and·G~e~-;;ifiv~~;~-------------------

83, 500 'o 83,500 
5, 200 l, 950 7,150 

t;ubtotaL _ .. 88, 700 1, 950 90,650 

224,000 160,220 220 
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TABLE LII.-Potential power development in the Grand division 

Ril·~r hasiu 110d project State Stream 
Power plant in· I Annnal tlrm ,ener· 
stalled capacity ation (kilowatt· 

(kilowatts) bours) 

Colorado River 

Gore Canvon •.• -~: •. __ --·-- •.. ~-. .. Colorado ...••••... ----- Colorado Uiver ----- ....•••••.••. 

~~~~~ ~~ ~~: :::::::::::::::::: == ::: -~-t~!d~::::::: :::::::::: :::::~~== ::::::::::::::::::::::: 
30,000 177, 000, 000 

140,000 797, 000, 000 

Gunnison River 
Lake Fork •..•••••. _____ •••..••... _ Colorado .. - ........... . 

g:c~~~f~~~~£::~:: =: ~ =::: :: = = = =: = : = = = =~~== = =: = = = =: = = = =: = = 

Lake Fork ...•.••••............. 
Gunnison River .•......•......• _ 
Uncompahgre ...••••.......•.... 
Gunnison ....•....•• _ ••..... ___ . 

60,000 344, 000, 000 

6, 000 12,000,000 
18, 000 100, 000, 000 
16,000 64,000,000 
18,000 100, 000, 000 

TotaL •••..•• -- ••.. --------- - --·· ··-- • · ··••·· -- ·· -· · ------- · · · · · · --- · ... • • • • · · · · · · · · 288,000 1, 594, 000, 000 

TABLE LIII.-Potential diversions to the San Juan 
division 

Project State ser\·ed 

:\fontE>zuma Valley extension..... Colorado .•••••• 
Dolores ..•••.•••.•••.••.••••••. Colorado and 

Utah. 
Blanding ..•• --.-- ••••.•. _ •• ___ •. L'tah ••••••••••• 

I 
Estimated 
averllj!e an
nuRI amount 
available for 
rxvort (ucrc· 

feet) 

38,000 
I 120, 600 

1, 800 
----

TotaL •••• _ •• ___ ••••••••• _ ••• __ --- •• __ •• • 160. 400 

I Includes 6,000 a<Jre·f~t e1•aporation !rom McPh<'ll Resorvoir. 

TABLE LIV.-Potential export diversions from the Grand 
division 1 

Exporting stream Importing basin 

Estimated 
average a,n .. 

nuul amount 
availabi~ for 
export (acre· 

ie;,t) 

Colorado River above Gunnison South Platte.... 500, 000 
River. 

Do .... __ ..• _ ..••••••••••• _ Arkansas ..•• _._ 139, 000 
Gunnison Hiver •••••••••••....•.••.•. do......... 840.000 

Do .•..•••• _ •.•••..•.•. _.__ Rio Grande •••• -~~~ 

TotaL. ___ •••••• _ •• _.--- _____ •••• --- •••. 
1

1, 492, 000 

I For Wl6 in Colorado outside Colorado River Basin. 

TABLE LV.-Present and potential stream depletions in the Grand division 

State and subdlvhiou 

Colorado 

C:olor~do River above Guunison River •••••••••••...•......• 
Gunmi'On .•.••••••••.••..••• _ •••• _. _ .•.• ___ • __ ••••••••• _. 
.Colorado IUver bt>tw~:en Ounni~on and Gre<'n Rivers •.•.•••.•. 

SubtotaL ....................................... __ . 

Ulah 

Colorado Rinr above Gunni~on Hiw·r .•••••••••..•••.•...•. 
Ounni~nn Hiv€'r .•••.••••••• _ ••.••••••. __ .• __ .• _ •• _ .• _ ••• _ 
Colorado ltiver b!'IW!'!'Il Gunnison and Gr<'l'U HivPrs ••....•.•. 

Estimated average annual depl~tlon (acre-feet) 

Pre.<ent depletion 

Consumfd In 
bw;in 

I 409,000 
• 3o7, ooo 

65,000 

841,000 

0 
0 

13, 000 

Exported 

, 517,000 
2, 3ll0 

t 108, 000 

627,300 
-

0 
0 
0 

Potl'nlial incrca.<e 

Consumed in 
basin 

Exportkd 

72,000 639,000 
104, 000 853,000 
119,000 t 136, 000 

295,000 1, 628, 000 

88,000 0 
s~. ooo 0 
10,000 I 24,-100 

Total ultimate 
depktion 

1, 637,000 
1, 326, 300 

428,000 

3, 391, 300 

ss. 000 
ss, 000 
47,400 

SubtotaL ••.••••• _ •• ___ •·• ___ ••. _ .••••• __ .•...• _____ 13, 000 

.. ,. ,.: 1 

186, ooo 1 24,-100 223,400 

Total ==----8~~.-=-o"'o-o ~- -
"' .. - ... "" .. - .... - ~ - .. "' ..... -., - .............. - ...... - • - ~ - w • - ......... - .... ~ u'j' 481. ooo 1 1, 652, -100 a 3, 6H, iOO 

I Inrlntlrs ~~.OI'(llll'l'll·f<'<'t rx(JN'It'\1 to btl consumed through fli~U>Siun uf the Un· 

co!'W:~~:~r~.\'~~·~::;1 Junn dil'!sion within tho C'<~I<>Mdn lll\w R:><in. 
I 'l'h~ liTIIfld dl\'lsl<lll Will Shtll'l' tli>t> in tho• o.foop).•ti<Hl (>f bl~l,tk~l 11\'1'1'-f"•t aDQU!Uly 

a!IO~><<d fur pa.•ture lrrlj:atlon iu the l'l>l>t'l' llwin. 
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I 

San Juan Division of the Colorado River Bt:sin 

San Juan Division 

Deeply entrenched in a plateau area the Colorado 
River meanders southwestward for 220 miles from the 
mouth of the Green River to Lee Ferry, an air-line dis
tance of 130 miles. The main tributary to this section 
of the stream is the San Juan River, entering from the 
east about 80 miles upstream from Lee Ferry. Three 
small rivers, Fremont, Escalante, and Paria, designated as 
Western Tributaries, join the Colorado River from the 
west. The division is roughly rectangular in shape, av· 
eraging 300 miles long ea~t and west, and 130 miles wide 

north and south. Its 39,000 square miles, an area al
most as large( Ohio, are 43 percent in. Utah, 25 percent 
in New Mex co, 17 percent in Arizona, and 15 percent 
in Colorado. . 

The divisi includes some mountainous areas where 
precipitation s heavy and vast stretches of desert plateau. 
Although it .cmtains 35 percent of the land in the Upper 
Ba~in it contubutes only 20 percent of the Colorado River 

flow at L~fcrry. · 
Record flows of streams within the division for the 

long-time e:iod of record and the critically dry decade 
( 1931--4 appear in the following table: 
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TABLE LVI.~Average annual stream flows in thc~an Juan 
dil•ision I · 

Station J'Priod of 
record 

A\·erag••annual flow 
\6Cf<··l•!l!t) 

------
~·or prriod I Jo'or 1931· 

!----~-~- reror<l 1940 period 

San Juun River at Rosa, ~. ,. ' 
1\Iex. _______ . ___ . _____ ---- l!l2H3 897, 000 783, 000 

Pine River at Ignacio, Colo.... 1911-43 1
1 271, 000 184, 000 

San Juan River n~·1n Blanc<), ! , 
N. ~Iex,-------····------·- 1 1929-43 '1,137,000 9\JS, 000 

Anirn11s River at Farmington, : I 
:\'. :\I('X .................... l!J05-43 1 763,000 532,000 

San Juan RiYer at Farmington, i 
X. ~1ex ...... _ ··-- ___ . ____ .,1905-~3 1 2.000,000 L 623, 000 

San .Juan Ri'"er at Shiprock, I 
N. l\Iex ___________________ i 1917-431,.2,100,000 1, 745,000 

San .Juan Ri'"er near Bluff, • 
rtah ______________________ ll9lti-431i2,1~0,000 1,659, 000 

Paria RiY('r at Lees F('rry, I · 
Ariz .•.• --:·.--_---- ___ •• _ 1924-43 26, 000 25, 000 . 

• l\t-("ords incomplete. 

Streams originating in the mountains are almost the 
only source of water for present and potential develop
ments within the division. They are fed mostly by melt
ing snow and consequently the greater portion of the 
run-ofT is in the spring, usually during the months of May, 
June, and July. Strt;am flows decrease rapidly after the 
spring floods and usually are lowest during the latter part 
of July and in August. With few exceptions these low 
summer flows arc now fully utilized and future irrigation 
expansion is largely dependent on storage of v.\nter and 
flood season run-off. 

Water in the mountain streams is of good quality and 
has been used for irrigation from 40 to 60 years. Little 

· silt is carried by streams above the irrigated area~ except 
after heavy rains. Below Blanco, N. Mex., the s]t load 

, o£ the San Juan River becomes heavy and is contributed 
mainly by intermittent tributaries draining the d~e1t area 

: to the south. Floods from summer cloudbursts discharge 
· silt laden torrents into the San Juan River, which in tum 

delivers to the Colorado River a large portion of the silt 
that plagues downstream developmcnu-. In like man
ner, l'remont, Escalante, and Paria Ri' ers pilk up silt 
from desert and badhnd areas during torrential rains. 

I 

PRESE!\!f Dr.\'ELO~:IIF.:--.'1' OF WATER RE~\•l'RCES 
The present development of water r~ .ur~~es in the 

· San Juan division has made possible the it rigatiuu of 
214,000 acres of land. Domestic, municip~l, and stock
":'~tering uses, although important, COilStmu~.'m.tll quan
tlttl'S of water. Some water is used to gencn•e power at 
five small hydrodcctric plants, having combia··d in.~talkd 
capacities of 5,100 kilowatts, but is later nu,r<l down
stream for irrigation. 
. San ] uan Riz,er BtHi~ .·-~lost sections of ,arrirultural 
unportancc wne onr~ tndudcd in Indian Tl'ST\ at ion.~, 
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and substantial areas are still under Indian control. 
United States, however, purchased 3 million acres 
from the Indians in 1873 and in 1899 opened to white 
settlers reserl'ation lands unoccupied by Indians. Some 
Indian allotted lands have been purchased by individual 
whites. 

Between 20,000 and 30,000 acres of Indian lands are 
now irrigated, the area varying with the seasonal water 
supply. These lands are widely scattered among numer
ous projects and are served by Government-built canals. 
Water storage capaCity of 36,000 acre-feet is provided 
by seven of the largtr Indian reservoirs built for use on 
Indian lands. Some Indian lands also receive water 
from the Vallecito Reservoir of the Pine River project, 
constructed by the Bureau of Reclamation. 

Most white-owned irrigated lands in the San Juan 
Basin are reached by the hundreds of canals and ditches 
built by individual enterprise or group cooperation. The 
:\Iontezuma Valley projects is the largest development. 
It brings natural flow from the Dolores River in the 
Grand divisirm and ~torage from the 22,000 acre-foot 
Ground Hog Reservoir on that .stream to 32,300 acres 
in the ~fcEimo Creek drainage area of the San Juan 
Basin. The Narraguinnep Reservoir stores 9,300 acre
feet of water thus diverted near the irrigated land. Lost 
Canyon Creek, a tributary of the Dolores River, also pro
vides water for 4,600 acres at the head of ~IcElmo Creek, 
with storage provided in three small reservoirs. 

In 1941 the Bureau of Reclamation substantially com
pleted construction of Vallecito Dam to store 126,300 
acre-feet of water on Pine River. The stored water is 
now being used in part to supplement natural flows on 
lands .under existing canals. Full use will require the 
extension and rehabilitation of these canals to irrigate new 
lands. The Bureau is now building a dam on Jackson 
Gulch, supplied by a feeder-canal from West ~Iancos 
River, to provide reservoir capacity for storing 10,000 
acre-feet of wa:er to supplement the supply for 10,000 
acres now irrigated from the Mancos River and tribu
taries, and for domestic u~e at :Mesa Verde National Park. 

Water resources have been de\"doped to irrigate 184,-
0llO acres in the San Juan River Basin as follow$: 

S.m Juan Rivt'r ----------------------------------
Piedra River-----------------------------------Rio Blanco _____________________________________ _ 

Navajo River--· --------------------------------
Pin!:' River _____ ·--------------------------------
Florida River ___ ---------------------------------
Animas River •.• _ -------------------------------
1.;1 Plata Riv~r ---· _ -------------------------------
Manros Rivt'r ---- ··------------------------------
Mcflmo Crrek •.•. ------------------------.:. _____ _ 
Mom•·zurna, •R<"taphtrt', nnd Cottonwood Cn-t·ks _______ _ 
Chiule Crcl'k and Ch11ro River·----------------------

.d.C'I"f8 

18,250 
... 000 
I, DO 
2,000 

33, 100 
13,800 
21,700 
2-1-, 700 
10,000 
38,000 

7, 300 
10,000 

TotaL ____________________________________ 18-1:, 000 

Except for the Pine Rivrr and l\lcE\mo Crerk areas 
tiH":;e lands usually su!Icr serious late-season water short· 
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VALLECITO DAM 
Vallecito Dam on Pine R ic·er was completed by Bureau oj R eclamation in 1941 · 

VALLECITO RESERVOIR 
Colorado's high San juan Mountains provide a picturesque setting for T" allecito Reservoir 
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ages. The Mancos River area will be fully supplied upon 
completion of construction now under way. 

Several small ditches divert annually an average of 
about 4,000 acre-feet of water from the Sail Juan River 
Basin to the Rio Grande Basin. Authorized for construc
tion by the Bureau of Reclamation as a part of the San 

; Luis Valley project is the Weminuche l'ass diversion, 
i whereby an open canal from the headwattisof Pine River 
· will divert an average of 21,000 acre-feet annually into 
the Rio Grande Basin. Replacement storage will be re
quired to protect future developments in the San Juan 
Basin: 

The Western Colorado Power Co's. 4,500-kilowatt 
Tacoma plant located on the Animas River 20 miles 
above Durango generates most of the electric energy pro
duced in the San Juan River Basin. Stream flo'~ tl;:lrough 
the plant is regulated by the off-stream Electra Lake 
Reservoir of 21,000 acre-feet capacity, supplied from 
Cascade and Elbert Creeks. Three. other hydroelectric 
plants in the basin have capacities totaling only 450 kilo-
watts. ' ! 

Western Tributarics.-In this are& about 30,000 acres 
are irrigated, of which 14,600 acres ~rc served from Fre
mont River; 8,000 acres from Muddy River, a "tributary 
of the Fremont; 4,400 acres from .Escalante Ri,·er; and 
3,000 acres from Paria River. A minor diversion from 
the Sevier River in the Bonneville Basin to Paria River 
lands is the only importation of water into the Colorado 
River Basin. Nearly all canals, ditches, and reservoirs 
have been constructed by individual or community en
terprise. 'The four largest re~ervoirs are on the Fremont 
River and have combined Cajlacities of 14,400 acre-feet. 

' ~ 
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Several smaller reserv'lirs are distributed throughout the 
area, but there is insufficient stored water to supply the 
late-season demands of most lands. 

H ydroclectric power ·is generated at only one small 
plant in this area having an installed capacity of 150 kilo
watts. This plant, supplemented by a small diesel in
stallation, provides energy for the upper Fremont River 
area. Most other populated areas are served with elec
·tricity transmitted from adjoining regions. 

Summary.-Present irrigation developments in the San 
Juan division are summarized in the following tables 
which show the larger reservoirs, irrigated areas, esti
mated consumption of water in the division, water im
ported into the division, and water exported from the di
vision to adjacent basins. 

PoTENTIAL DEVELOPME~'T OF WATER RESOURCES 

Control and use of present surplus flows of the San 
Juan division and diversion of an average of 154,400 
acre-feet annually from the Grand division could bring 
a full irrigation supply to 367,160 acres of arable dry 
land and supplemental water to 73,220 acres now inade
quately irrigated. "With an installed capacity of 965,000 
kilowatts potential power plants in the division coUld 
produce 5,115,000,000 kilowatt-hours of firm energy an
nually. Uost all de,·elopments would provide, in some 
degree,. other benefits for flood and silt control, recrea
tion, and propagation of fish and wildlife. 

PotcHtial transmountain diversions to the Sevier River 
and RiQ Grande Basins would export annually an average 

TABLE LVII.--Resm•oirs in the San Juan division 1 

Subdil"ision and ""''rvoir 

• llnd•lf ron~lnH"l ion,l\lau<~~t~pro)<-.·1. 
I S<H\Ili ludltw h1nds. 

~tat~ 
[ Cap!lt ty (acre'-
! ftN\ 

I 

126, 300 
21, 000 
10, 000 
I, OiO 
4, l\00 
9, 800 
1, i80 
1, 000 
.1. 000 

2:1,000 
I. 000 
l. lt\0 
1, 000 

4. 000 
i, 000 
3,-1011 
I, 2:i0 
3. 000 
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TAnLE LVIII.-Present irrigated areas in the San Juan 
division by States 

Area irrigat~d (acres) 

Ran Juan Basin _______ 6, 00011132,30038,00017,700 184,000 
Westcm Tributaries.__ 0 01 0 30, 000 30, 000 

TotaL-------· 6, 000132,300/38,000137, 700~ 
TABLE LIX.-Estimated present average annual water 

consumption in the San Juan division 

Water consumption (acre-feet) 

Subdi<lsion I I I AriZona Colorado 11i'::i7co Utah Total • 

San Juan Basin ___ • __ • 10, 200 238, 000168, ~00 13, 400 330, 000 
West em Tributaries._. 01 0 0 54, 000, 54, 000 

,----- 1--1---
TotaL .. _. ____ :10, 2001238, 000!68, 400!67, 400( 384, 000 

I Dodnrtion of water Imported from ,.ljolning ha.•ins (See Table) reduct'• depletion 
or water origwatin~ in the San Juan division, exclusive or exports, to 272,000 acre-feet. 

TABLE LX.-Estimated present average annual water 
imports into the San Juan division 

State Importing stream Exporting stream Acre-feet 

Colorado •••. McE!mo Creek ...• Dolores River •••.. 100,000 
Do ..• _______ do___________ Los Canyon Creek. 8, 000 

Utah ________ Paria River _______ Sevier River •••••. I 4, 000 

TotaL •. ------------------ ------------------112,000 

• Only importation of water into Colorado River Basin. 

TABLE LXI.-Estimated present average annual water 
exports from the San Juan division 

State Exporting stream Importing stream Acre-feet 

{
San Juan River •.••. } 

Colorado ...• P!edra .River .••.•••. Rio Grande..... 4, 000 
Pme Rtver .•...••.•. 

Colorado'· •. Pine River __________ .••.. do •••••.••• 21,000 

TotaL •• ------------------------------------ 25,000 , 

., 
1 "emin.uchc PIISS diversion, anthori<P~ for construction Ill! a part of the San Luis 

••ll•y proJect. 

of 92,000 acre-feet for use in these adjoining areas. Ad
ditional exportations are alternatives to irrigation devel
opments in the San Juan division. 

San Juan Rh,er Basin 

Twenty projects, 19 for basin development, and 1 for 
exportation of water to an adjacent basin are described 
i~ the. San Juan River Basin. Three alternative ~xport 
dJvcrs1on developm~nts are also outlined. 
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Dulce- Chama- Navajo Project.- A reservoir at the 
Navajo site on the Navajo River, two low diversion dams, 
two main canals, and a distribution system would be re
quired to irrigate 15,900 acres of new land, including 
3,700 acres along the Navajo and Little Navajo Rivers 
and in the Coyote Park area of Colorado and 12,200 
acres in New Mexico extending from Dulce to and slight
ly across the low ridge which forms the Continental Di
vide west of Chama, N. Mex. Supplemental water 
also would be provided for 1,950 acres now irrigated with 
only a partial water supply. A reservoir with a capacity 
of 20,000 acre-feet at the Navajo site would be sufficient 
for this project but a greater capacity, probably 50,000 
acre-feet, would be desirable for joint use with the South 
San Juan project or the alternative San Juan-Chama di
version project. 

South San Juan Project.-South of San Juan River in 
New Mexico, extending southeast from Bloomfield to the 
Continental Divide near Cuba and westward from Largo 
Canyon to Chaco River, is a vast area of undeveloped and 
unclassified land, part of which is considered arable by 
local people. The land is high, ranging in elevation from 
5,600 feet near the San Juan River to 8,000 feet at the 
Continental Divide. A reconnaissance indicates that 
irrigation water could best be supplied by a gravity di
version from headwaters of the San Juan River. The 
aqueduct would head on the West Fork of the San Juan 
River in Colorado, run southward to a point near the 
Continental Divide 15 miles west of Chama, N. :Uex., con-

, tinue southwest along the west slope of the Divide to a 
point near Cuba, and thence tum northwest onto project 
lands. The main aqueduct would be nearly 300 miles 
long. ~torage reservoirs would be required on the West 
and East Forks of the San Juan River and on Rio Blanco 
and Navajo River. The development probably would 
be limited by the available water supply to 75,000 acres. 

Can[as project.-This project would provide water 
for 840 acres of new land and 190 acres inadequately 
irrigate . along the San Juan River between Gato (Pago
sa June .~m) and Arboles, Colo. Consta.~ction of a low 
diversion· dam on the river and a canal to carry water to 
the land would be required. 

O'Nial Park project.-The 5,820 acres of new land 
and 1, 780 acres now partially irrigated, possible of de
velopment through construction of this project, are lo
cated in O'Neal Park and near the head of Stollsteimer 
Creek west of/ Pagosa Springs, Colo. A 32,200-acre
foot reservoir' (13,600 acre-feet active capacity) at the 
offstream O'N~al Park site, supplied by a new canal from 
the Piedra Ri\·i:r, and a distribution canal system would 

· be required. ~ I · 

Hammond •,JJToject.-Natural flow of the San Juan 
River could be diverted into a future canal at a low diver
sion dam to be con~tructed near Blanco, New Mexico, and 
used to irrigate:a 3,700-acre strip of arable dry land on 
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the south side of the river near Bloomfield, New Mexico. 
Shiprock project.-A compact are~ o~ arable Ian?, 

comprising 70,000 acres, is located w1thm the NavaJO 
Indian Reservation south of Shiprock, N. 1\lex., and 
west of Chaco River. Irrigation of these lands would re
quire a 125,000 acre-foot rese~oir ( 100,000 acre-~eet 
active capacity) at the Arboles Site on the SanJuan R1ver 
near the Colorado-New Mexico State line, a diversion 
dam near Blanco, and a gravity conduit extending 75 
miles to the land. A pump lift of 100 feet would be 
needed to irrigate part of the land above the conduit. 

Emerald Lake project.-On the Pine River, a tribu
tary of the San Juan River, is a power site in the San 
Juan mow1tains 25 miles northeast of Durango, Colo. 
Two natural lakes, Emerald and Divide, could be used 
as reservoirs bv the construction of a dam at the outlet of 
each. With ~ combination of collection conduits, three 
short tunnels, a siphon, ~nd penstock the flow would be 
available for power production under a static head of 
1.973 feet. A power plant with an installed capacity of 
15,000 kilowatts could produce 72 million kilowatt-hours 
of firm energy a1mually. The development would be 
multiple purpose for power production and flood control. 

Pine River project extension.-Surplus flows of Pine 
River and its tributaries, supplemented by storage from 
the existing Vallecito Reservoir, could be used to irrigate 
15,100 acres of new land owned by both Indians and 
whites and would provide supplemental water to 1,200 
acres now irrigated. Ten thousand acres of this land are 
located west and southwest of Ignacio, Colo. To serve 
this area construction of a diversion dam at the head of 
the existing King Consolidated Canal, north of Bayfield, 
Colo., ami enlargement and extension of that can:1l would 
be required. The remaining 5,100 acres are in small 
tracts scattered throughout irrigated lands in the vicinity 
of Bayfield, Ignacio, and Arboles, Colo. Rehabilitation 
and extension of 10 existing canals would be necessary to 
irrigate these lands. 

Florida project.-Along the Florida River and on ad
joining mesas in the vicinity of Durango, Colo., ;:,re 6,300 
aucs of new land and 13,800 acres of irriptted land 
\\ ith only a partial water supply. Additional water for 
full irrig:~tion of these lanJs could be pro\'idt d by con
struction of a dam to store ~3,300 acre-fcc't at ·.he Lemon 
11ite on the Florida River and enlargement anJ extension 
of existing distribution can;tls. 

Animas-La Plata proje<t.-Supplcmcntal water for 
24,700 acres of in~umciently irrigated l.md in the La 
Plata Ri,er Basin and a full supply for 1:6,300 acn-s of 
new land in that lJa::-;in aPJ adjacent are;t,, including 2j,. 
500 acres under the ~lonumcnt Rock pr<>j,:ct on the Nav
ajo lnd.i~n Rf'Ser\'ation, could be furni.~hnl by this projcl t. 
In add1t10n power could be produced and flood damage 
would be mitigated. Nine rc~crvoirs wculJ br nrt~dcd, 
three of which wtntld be primarily for pnwer prodtu:tion. 
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A collection aqueduct could bring the flows of Min
eral Creek and Cement Creek to the Howardsville Res
ervoir (54,000 acre-feet capacity) on Animas River 
which would be connected by a pressure conduit to a 12,· 
000-kilowatt power plant downstream at Silverton, Colo., 
operating under a static head of 542 feet. Farther down
stream on the Aninlas Riv.er between Sultan Creek and 
Whitehead Gulch is the Silverton Reservoir site ( 28,000 
acre-feet capacity). From this reservoir, water could be 
released through a tunnel to Lime Creek, where a res
ervoir ( 30,000 acre-feet capacity) could be provided to 
receive this regulated flow plus unregulated inflows from 
Cascade Creek through a collection conduit and tunnel. 
From Linle Creek a short tunnel through West Needle 
Mountain would lead to a power plant on the Aninlas 
River where the static head would be 1,155 feet and the 
installed capacity 40,000 kilowatts. 

The two power plants in this development would have 
installed generating capacities aggregating 52,000 kilo
watts and annual firm production of 192 million kilowatt 
hours. A reconnaissance survey of other tributaries of 
the San Juan River would probably re\"eal additional 
power sites. 

The Tcft Reservoir ( 140,000 acre-feet capacity) on 
the Animas River, 20 miles north of Durango, would 
collect water released in the winter from the three power 
reservoirs. Heading at the Teft Reservoir, the main 
project canal would continue on the west side of the An
imas River intercepting flows of Hermosa, Junction, and 
Lightner Creeks and storage releru;es from the Hrrmo~a 
Park Reservoir ( 25,000 acre-feet capacity) on Hermo~a 
Creek. The canal would cross the Animas-L.1 Pbta Di
vide northeast of Fort Lewis College and extend across 
the La Plata Riwr Valley to the Dry Side area, sen·ing 
lands along its course. It would continue thence south
west along the l\!ancos-La Plata Di\ide ·to the head, of 
Salt Creek, which creek in tum would supply the ~lonu
ment Rocks Reservoir ( 19,800 acre-feet capacity) and 
project lands below it, located north of Shiprock. Long 
Hollow Reservoir ( 14,000 acre-feet capacity), 12 miles 
southwest of Durango, would be connected with the La 
Plata River by inlet and outlet canals. Another canal 
di\'crting from Long Hollow Creek would irrigate the 
l\ffDcrmutt-Farmington Glade area near the Cokr.ldo
New l\lexico State line. State Line Rcsem)ir (32,000 
acre-feet 1.1pacity), a.-;tride the St:1te line on La Plata 
Riwr, would sen·e nlky lands and regubte !lows into 
an outlet ranal cxtmding southwest to tl1e ~Ic.1dows Res
en·oir ( 11,400 arre-fect rapacity) and to lands in the 
~khlows art'a. 

.McElmo f•r(ljcct.-,\ rcscnoir of 3,0()0 aar-fl't't ra
pacity on ~[ud Cret~k would pnwide adequate water to 
suppkment the supply and improve the quality 0f watc1 
for 1,000 acre-s of irrigated land in Me Elmo Canyon, 
Colo. 
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Montezuma Valley project extension,-Water from 
Dolores River in the Grand division now irrigates 30,000 
acres of land in l\Iontezuma Valley in the San Juan River 
Basin. Storage to supplement natural flow is provided 
at the Ground Hog Reservoir on the headwaters of Do
lores River and at the offstream Narraguinnep Reservoir 
in the San Juan Basin. Expansion of the project to in
clude another I 0,000 acres would be possible by enlarge
ment of the Narraguirmcp Reservoir to store 5,700 acre
feet in addition to its present 9,300 acre-feet, creation of 
8,000 acre-feet of storage at Totten Lake, also in the San 
Juan Basin, and extension of distribution canals. 

Dolores project,-A storage reservoir of 185,000 acre
fert capacity ( 100,000 acre-feet active capacity) at the 
McPhee site on the Dolores River in the Grand division 
about I 0 miles below Dolores, Colo., and a canal, leading 
from that reservoir and crossing the divide into the San 
Juan Basin by means of a 4,400-foot tunnel, could pro
vide water for 40,000 acres of arable land located in the 
Dove Creek area. About 32,500 acres are in Colorado 
and 7,500 acres are in Utah. 

Blanding project.-Thirty-eight hundred acres of land 
on the mesa between Recapture and Cottonwood Creeks 
in the vicinity of Blanding, Utah, are partially irrigated 
from direct flows of Recapture Creek. The diversion of 
water from Indian Creek, a tributary to the Colorado 
River in the Grand division, and a storage reservoir on 
Recapture Creek would provide supplemental water to 
these lands. A collection ditch on the headwaters of 
Indian Creek, a mile-long tunnel to Recapture Creek, 
and a 1,000-acre-foot reservoir on Recapture Creek about 
6 miles north of Blanding would be required. Construc
tion of the tunnel has been started by local interests. 

Navajo Indian projects.-The Office of Indian Affairs 
has outlined 57 small potential projects in the San Juan 
Basin to benefit lands in the Navajo Indian Reservation. 
Five are located in the Red Wash drainage area, 21 in 
Chaco River Basin, 21 in the Chinle Creek area, 4 along 
the San Juan River, and 6 in miscellaneous drainage 
areas. The developments involve the construction of 
additional canals and offstream reservoirs to store flash 
flows. By means of these projects supplemental water 
would be provided for 14,600 acres now irrigated and a 
full irrigation supply would be furnished to 34,200 acres 
of new land. 

Eluff project.-In the canyon of the lower San Juan 
River is the Bluff dam site near Comb Wash, 13 miles be
low Bluff, Utah, at a river elevation of 4,135 feet above 
sea level. A reservoir capacity of 3,000,000 acre-feet 
would require construction of a dam to raise the water 
surface to an elevation of 4,475 feet. A power plant 
with an installed capacity of 52,000 kilowatts could pro
duce 289 million kilowatt-houl'!l of firm energy annually. 
The reservoir also would have value for flood control and 
silt retention. 

i 
'\ 
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Goosenecks project.-At a point on the San Juan River 
43 miles below Bluff, Utah, at a river elevation of 3,958 
feet is the Goosenecks site. A dam to raise the water sur
face to an elevation of 4,135 feet would provide a reser
voir with storage capacity of 500,000 acre-feet. The 
power plant installed capacity would be 30,000 kilowatts 
and the annual firm production 152 million kilowatt
hours. 

Slick Horn Canyon project.-Named Slick Horn be~ 
cause of the seepage from oil sands that coats the water 
and canyon walls, t~is reservoir site is on the San Juan 
River 70 miles below Bluff, Utah, at river elevation of 
3, 7 50 feet. Here a dam could be constructed to raise the 
water to a maximum elevation of 3,958 feet and form a 
reservoir with storage capacity of 300,000 acre-feet. The 
capacity of the power plant would be 30,000 kilowatts' and 
the armual firm production 176 million kilowatt-hours. 

Great Bend project.-Thirty miles above the mouth of 
the San Juan River is the Great Bend reservoir site at 
elevation 3,498 feet. Backwater from the potential Glen 
Canyon Dam would flood the site to a maximum reser
voir elevation of 3,528 feet. However, much of the time 
this site would not be flooded as the average Glen Canyon 
Reservoir elevation would be only 3,461 feet. The Great 
Bend Dam would raise the reservoir water surface to an 
elevation of 3,750 feet forming a reservoir with a capac
ity of 1 ,000,000 acre-feet. A power plant with an in
stalled capacity of 36,000 kilowatts could produce 203 
million kilowatt-hours of firm energy annually. Below 
this site the San Juan River empties into the colorado 
River 78 miles above Lee Ferry, Ariz. 

Piedra-Rio Grande diversion project.-Two reservoirs 
in the Piedra River Basin and a tunnel through the Con
tinental Divide would be required to export an average 
of 85,000 acre-feet of water armually from the Piedra 
River to the Rio Grande Basin.. Replacement storage 
reservoirs would be necessary to provide water for future 
developments in the San Juan Basin. 

Alternative plans.-Three projects for exportation of 
waters of the San Juan Basin are possible but allocation 
of water to them would restrict supplies for some of the 
other developments outlined for use of water within the 
basin. For this reason these projects are presented as 
alternative possibilities but are excluded from the tables 
summarizing potential basin development.~. However, 
detailed investigations may show construction of some of 
these to be desirable, 

The Animas-Rio Grande diversion project could ex
port annually an average of 130,000 acre-feet of water 
from the Animas River watershed above Silverton, Colo., 
to the Rio Grande Basin. Fourteen miles of collecting 
canal leading to a reservoir of 54,000 acre-feet capacity 
on the Animas River at Howardsville, Colo., and a 13-
mile tunnd through the Continental Divide would be re-
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quired. There is insufficient .water for ~oth this project 
and the Animas-La Plaia proJect as outlmed. 

San juan-Chama diversion project could export 300,~ 
000 acre-feet of water annually from headwaters of the 
San Juan River to the Rio Grande Basin. Reservoirs 
would be provided on the east and west forks o~ the .san 
Juan River, and on the Rio Blanco and NavaJo RJVer. 
An aqueduct would colle~t. the water and convey .it 
through the Continental Dtvtde to the head of the R10 
Chama, a tributary of the Rio Grande. Benefits from 
use of this water need not be limited to downstream water 
users in the Rio Grande Basin in New Mexico, but users 
in the San Luis Valley of Colorado could also benefit by 
exchange. As in other potential trans-mountain diver
sions, replacement storage would be required to compen
sate San Juan Basin interests. This project would utilize 
the same water supply as would the South San J li.an proj
ect, consequently both could not be constructed. 

San juan-South Fork diversion project could export 
armually an average of 53,000 acre-feet of water from the 
headwaters of the San Juan River above Pagosa 
Springs, Colo., ot the south fork o( the Rio Grande. 
The diversion system would consist of a feeder canal 2.6 
miles long from the west fork of the San Juan River to 
Beaver Creek, and a tunnel 10 miles long from Beaver 
Creek to the south fork of the Rio Grande, with a 1-mile 
branch tunnel intercepting the flow of Wolf Creek. 
Water available to the South San Juan project or the 
San Juan-Chama diversion project would be depleted by 
the amount diverted to the south fork of the Rio Grande. 

Western Tributaries 

Three projects for further irrigation development jn 
these stream basins and one for export of water to the 
adjoining Bonneville Basin are outJineJ. 

Fremont project.-:\ supplemental water supply for 
9,000 acres of irrigated land and a full supply for 1,000 
acres of new land located in the vicinity of the towns of 
Fremont, Loa, Lyman, and Bicknell would be pro\ided 
by a 4,000-acre-foot reserroir on Fremont Ri\'Cr at the 
Mill Meadows site, 4 miles northeast of Fremont, and a 
2,000-acre-foot rcserYoir on Road Creek, a tributary of 
Fremont River ncar Loa. 

Torrey projut.-A 2,000-acre-foot reservoir at the 
Torrey site on Fremont River would by exchange furnish 
supplemental water to 1 ;200 acres in the ririnity vf Tor
rey, Utah. The r~crvoir water would be rdea..~cd to 
dowmtream lands in exchange f,,r incrt·.lscd upstream 
diversions to the existing Torrey Canal. 

Escal!lnlf' prnjrrt. An impounding dam 011 Esra
bntc Rivt•r ncar F.scalantc, Ut,th, could providt~ 25,000 
acrc-ff'et of storagr fapacity ( 18,000 am··ft'cl active ca
pac.ity). With a ferdcr ran.J to the reser.·c,tr from Pine 
Creek aud an outlet canal cut through a natural embank-
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ment on the soulh side of the reservoir, a full irrigation 
supply could be furnished 3,000 acres southeast of the 
town. 

Muddy Creek Dh·mion project.-Lack of storage sites 
on ::Muddy Creek to regulate water for downstream use 
suggests the possibility of exporting surplus flows of that 
stream west to the Bonneville Basin. By construction of 
11 miles of feeder canal and a 2.2-mile tunnel through 
the mountain divide, an average of 7,000 acre-feet an
nually could be exported to Twelvemile Creek, a tribu
tary of the Sevier River. 

Main stream of Colorado Riuer 

Two prospective sites. for power developments are lo
cated on the main stream of the Colorado 'River below 
Green River and above Lee Ferrv and therefore are in 
the San Juan division. ' 

Dark Canyon project.-This dam site on the Colorado 
River in Utah is 186 miles by river above Lee Ferry, Ariz., 
and 74 miles by road and trail southeast of Hanksville, 
Utah. Much of this region is unexplored. TI1e Dark 
Canyon site has been photographed from the air by the 
Nation~J Park Service and surveyed and photographed 
by the Geological Survey. 

A dam raising the water surface 432 feet from the 
prrsent river elevation of 3,528 feet up to 3,960 feet would 
provide a reservoir storage capacity of 1,400,000 acre-feet 
of which 1,100,000 acre-feet would be acti,·e. The res
ervoir, confined between canyon walls would extend up 
the Colorado Rh·cr to the Moah Dam site and up the 
Green Ri\'cr almost to Green Ri\'er, Utah. :\ power 
plant at the dam with an installed capacity of 350,000 
kilowatts could generate 1.8 billion kilowatt-hours of firm 
energy annually. The project wnuld also have value for 
silt retention, flood control, recreation and, hold-o\er 
storage to satisfy flow requirements of the Colorado Rh·er 
Comp..tct :-.t Lee Ferry. 

Glen Ca11yon project.-.\ few miles south of the Ctah
Arizona State line and 4 miles up the Colorado River 
from Lee ferry, Ariz., is the Glen Canyon site at ri,·er 
elevation 3,12i feet. A dam to taise the water surface 
401 fret wouiJ provide a rrservoir of 3,600,000 acre-feet 
capacity with arti\·e storage of 6)300,000 acre-feet. The 
poMr plant in~t.tlled capacity would be 400,000 kilowatts 
and the annual firm production~.~ hillinn kilowatt-hours. 
The lake would t'Xtcnd l 82 miles up the Colorado Riwr 
to the D..trk Canyon dam site and up the San Ju:m Rin·r 
30 miks to the· Great Bend site. Only 10 miles from 
hi.d1w<1y U. S. 89, this lake v.ould have unusual recrea
tir,nal po~sibilities. The re~crwir woul,l abo be ust'ful 
f, ,,. silt retention, hold-o\'t'r stora.~e, and l1t1od control. 

:\n altematin~ plan would pbcc a higher d.un at the 
t;lm Canyon ~ite to r,ti~e the watn 605 fl'l't abo\C the 
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Slick Hom Canyon site farther upstr~. present streambed. This would create a reservoir of 34,-
000,000 acre-feet capacity (larger than Lake Mead, 32,· 
360,000 acre-feet capacity) of which 29,000,000 acre· 
feet would be active capacity. In addition to having 
value for flood control and silt retention, the reservoir 
would have tremendous hold-over capacity to assist the 
upper basin in delivering water at Lee Ferry as required 
by the Colorado River Compact. A 580,000-kilowatt 
power plant installed at the dam could generate an aver
age of 3.3 billion kilowatt-hours annually. When full, 
the reservoir would inundate the Great Bend dam site on 
the San Juan River, precluding construction at that lo
cation, and extend to within 18 feet of the elevation of the 

Canyon dam site on the Colorado River wou e Dark 
merged under 204 feet of water. With the p s~b
Dark Canyon development thus eliminated it wou Ial 
necessary to find other means of developing the 215 fe 
of head between Moab, Utah, and the Glen Canyon Res-\ 
ervoir. 

Summary 

Potentialities for the development of water resources . 
of the San Juan division are summarized in the following 
tables: 

TABLE LXII.-Potential projects in the San Juan division 

Subdivision anrl project Location of project Source of water supply 

San Juan Basin 

Dulr-e-Chama-Navajo. ____ •••• ____ •... _ Colorado .• _ .. ______ Navajo Tln!~~·-·i"e;"r~.·;;··- ---- ..... ____ ... -! I, F ------------
South San Juan •. --------------------- New Mexico ________ San Juan I, F ........... . 
Carracll.!' ...•••.•.••••• _____ ------ __ ___ Colorado ... ____________ .do •••• __ -----------------__ L ... _ ------ __ _ 
O'Neal Park •• _ ........ _____ ••••• __ .•.... · •• do ••..•. __ ----- Piedra River ____________ -------- L. ______ .. ___ _ 
Hammond ____________________________ New Mexico ..•••••. San Juan River _________________ !. ........... :. 
Shiprock _____ ...• - ..•••••• _____ •••• -·- _ •..• do .. ____ ..••• _______ do .• ______ .--- __ .. ____ ---_. I, F ---- _. __ ..•. 
Emerald Lake.. ...•••..••• ·-·----------· Colorado. ____ . __ •• _ Pine River ...•. ---- __ ------.____ P, F •• _--------
Pine River extension .....••• ----------- Colorado, New Mex- _____ do .•. ---------------------- 1. .. -----------

ico. 
Florida .. ___ ---. ___ •.. ------ ..... _____ Colorado _______ ..•• Florida River __ ----------_______ I, F ___________ _ 
Animss-La Plata ...••.... ·-------··---- Colorado, New Mex- Animas and La Plata River •....•. I, P, .t?, 8-------

ieo. 
1\fcElmo ...• -- ___ --- •.... ---- --·--·--- Colorado •. --------- 1\fcE!mo Creek .... _______ .. _ •. __ 
Montl!zuma Valley extension ____________ ••..• do ..•....••.•.. Dolores River.------------------

~~~~~g·.·:: ~:: =:;::::::::::: ::::::::: B~~~~~~·-~t-a~---~ ~:: -&~~~~~~~-c;;;k:::: ::::::::::::: 
)iavaJo lnd1an projects _________________ Colorado •..•.....•. San Juan River ________________ _ 

~!~~~~}~:~~~~~~~~~~ ~ ~ ~; ~ ~~~ ~~~ ~ ~~ ~ ~ ~ ~ ~ =~t~~~~~~ ~ ~ ~ ~ ~~ ~ ~ ~~~ ~~~;~i~~~ ~ ~ ~ ~~ ~ ~~ ~ ~ ~~ ~ ~~~~ ~~ ~ ~ ~ ~ 

I:~:::::::::::: 
I, F, 8 •••••..•. 
I, F ---···--·---
I,~ s ________ _ 
P, 1', S, H •••••. 
P, S, F, H •••••• 
P, S, F, H ..•••• 
P, S, F, H .••... 

FN>mont Western tributaries 
TorN>v _____ do .••..•.•.•... Fremont River.·---------·------ 1

1
,, FF·.-_-_-_-_-_·_·_·_-_-_-_ 

v.onJ~ntP • ••• ....... •••• • •• ... do ..•..•• ••• ••• ·-" .. do •• ••-- -- ·• •••• •••• • ••• ••• 
Lo•cauuw~ ••.•••••• -------.--- _ •• __ ••.••..•••••. do .•.• -------._ Escalante River---- .••. _________ I, F ------- ··-- _ 

Main stream Colorado River 

$1, 627,000 
35,000,000 

36,000 
880,000 
725,000 

21, 141, 00 
6, 200, 000 
1, 835, 000 

2, 290,000 
63,534 000 

390,000 
1, 300,000 

12, 200, 000 
567,000 

2, 910,000 
19,000,000 

5, 200,000 
6, 300,000 

10,000, OOtl 

800,000 
200,000 
900,000 

g~rk {anyon·--·····----------------- •.... do ••..•••.••... Colorado River •• ________________ P, F, S, II. ••••• 105,000,000 

en ;:~:~---~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~~~ ~ ~ ~ ~ -~:~~~~~~ ~:: ~ ~ ~ ~: ~ ~ ~~~~:: ~ ~::: ~:: ~ ~ ~ ~ ~ ~~:: ~~: ~: ~ ~ ::: ~ -~~ -~·-~: -~~ ~ ~ ~ ~~ 3::: ::~: ::: 
1 8ymhol< n:<M: I •lrroJmlion; !'•power; F•Ho01! oontrol; S=silt retention: H-holdover stora~e for rivar regulation. 
ll'retimmary estimates biiSed on oonstMJ'ti•lO ooslll of Jsn. 1, 1940. 
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/ TABLE LXIII.-Potential reservoirs in the San Juan division 

-Subdiv!gion !llld namP of site SourCP o! water supply Project served 

Dulce-Chama-Navajo and South San 
Juan. 

San Juan Basin 
/Navajo •.•••. -----.-------·------- Navajo River . ..._ ________________ __ 

Wrst Fork-.. __ --------- _______ • West Fork ~an Juan B;ivcr .. _________ South San Juan ________ ------.------

~~~~~i: ;~ ~: :; ~ ~: ~ ~:; ~::: ~~~ ~ f!t:f.:~~~[:~~ J:~'~: :•: ~::: • ~:I: ~~r,~t~~~: ~ ::: ~ ~ ~ ~ ~ ~ ~ ~::::::::::. 
Er,n~rald "Lake. ______ .. --·. __ .. ---1 Pine River _____ - __ ----- _____ .--- ____ . Emerald Lake •.... _ ... ____ . ________ _ 

Totten Lake I _____________________ Dolores River _______________________ Montezuma Valley extension .•..••••.• 

~a;Et.~~~~~~~~- ~-~~~~~~-e~t~-~:: =~ ~:: -~~~E1~;~ Cr~~k~~===: :::::::::::::::: -~i~£1~;~: =:::::: ~:: ~ ::: ~·==::::::::: 
McPhee ...••... _ .. ___ -----_______ Dolores River .... _-----.____________ Dolores .• ------_------------_. ____ _ 

~~~~~:~~~==: ===== ==== = ===== == =~-~·~~~·~~~-_: ::::::::::::::::::1 !~~~~-~~:::::•::::;::::::: :::•: ::, Slick Horn Canyon _____________________ do _____________________________ Shck Horn Canyon. _________________ 

1 

GrP.at. Bend •• __ ---------- ___ ••••• ___ •• do _______ ••• ----_______________ Great Bend .•. ____________ •• --------

Western tributaries 

~i~lb~~k~-~=: ::::::::::::::::: = t~~oc~~~~~~====: ::::::::::::::::: _ =~~~~~ ~ ~::::::::: ::: ===: =·= :::::: J 
Torrey ____ •• _._ ••• _. ______ • __ ••. _ Fremont River .. _ ••••• __ . __ ._ ... _ .. _ Torrey.-----.----------------------·~ 

Total capacity 
(acre·f'-"'tJ 

::.o. 000 

70,000 
35,000 
}.), 000 
32,200 

12.5, 000 
6, 000 

21,000 
23,300 
54,000 
28,000 
30,000 

140,000 
25,000 
14,000 
32,000 
11,400 
19, 800 
8, 000 

15,000 
3, 000 

185,000 
I, 000 

3, 000,000 
.500, 000 • 
300,000 

1, 000,000 

4,000 
2, 000 
2, 000 

25,000 r. .. :; .. :-;.~;~c.;.;;;d;-R;;~;--- ""'~ao" "'""----- ---------- ----~"""'"""----- ------ ---------------

8r:: ::::::: •: •:::: :::::::]: ~::~:: :::::::::::::::::::::::::::1-~~::_ ~;~~~: ::::::::::::::::::::: !~--~ -, !-:-:-~-6:-!-:-o 
IO!fstl't'lWl. 

TABLE LXIV.-Potential irrigation devtlopmfnt 111 the San Juan division 

Total 

San Juan Basin I ~-----
Duk~Chama-Na,·ajo •••••••••••••.••••••••••• C:olorado, !\ew 1\[l'lt.ico .••..•.....•••. J !~·900 1 1,930 I 17,830 
~uth San Juan ______________________________ New Mcxteo ________________________ 

1 

1a, 000 1 _ • __ 7.>, 000 

[£~!~~~~~=::::::::::::::::::::::::::::::: -~::t;~~i~~===: ::::: =:: ~=== :::::: J ~: ~~ i ~~ ~·~- ~ ~~~~~-! t ~~ 
fr~.~~.~~-;;i~~~~~,;: :::::::::::::::::::::::: ~~~- c:~~~ct~: r.;;~:~i~xj~~=: :::: · ::::::::I I~: ~6~------ 1: 2oo·l i~: ~~ 

n.fl -------· -------------------------- ...•• do _____________________________ l 6,300 13,1\00! 20.100 
"i!lllll\8-l.a Plata _____________________________ Colorad<l, :\e\\'1\lexico ....• ---··-----, 86, JOO I 24. 70H I 111, noo 
~1 c lmo •.•.. --··----------------------- __ Colorado ........................... -----------1 1, 000 1, 00\l n ontezuma \"allt•y !'~trusiun ••• -·---.--·-----._I_.- .. dlL •• --.-- -·------.---- -------·I 10, 000 j·---- ------ .' 10, OOll 

~;:,7ili·~F~: ::::.:::-:::::::: ~ ::::::::::::::: g·!~~~.i-~~·- ~~~~-~::::::::: ::: :·-: :::: :, __ . __ ~~: ~~~- :-----· 3:~o~1- 11 
4~: ~g~~ 

avaJO n UlnJli'OJ!'CI!I ........................ Colurado ........................... l 34,200 j 14,li0\l. 4S,SOO 

~•tl.JtotaL. --.--------.- ••••. _ •.• -·-- .
1 
••••• ____________________ • ____ •• ____ 

1 
3113, 160 I 63, 020 I 42H. ISO 

~~::~:~ 1L ••.. ~·~~~~r-~-l~l-b-~t~~~8 _________ • ___ .ll'tab.. ... ___ ... ______________ . ____ .I I, 000 

1

1 9, 000 ~-===~=~=: ~""~=~~ 

l~ca~r;~;,~~~~~~~~ ~ ~ ~~~: ~ ~ ~~~ ~ ~ ~: ~ ~ ~~~::::: ~ ~ ~~· _:: ::~~:::::: :::::::. :_ ::::::::::::: ------:: :-
1 

____ -;~:-;:-: I::: 
Total..-·-·· -··-------------------T·---···-·····------------·---------1 3fi7, tfio! 73,220 I 440,3SO 

. Subdi\ !'lion and proJt.<·t 
'i I Xcw land Furnishr•d sup- i 
jl•ll'menulwalt•r i 

~tate 
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TABLE LXV.- Potential irrigation l.·velopment in the San Juan division by States 

Are4 to he benctll<'d (acres) 

~tate Furnished 
New land supplemental 

water 
Total 

Arizoua: San Juan River Basin •• ___ •. ____ .•.••• : •••••••.•••••••••••••••••.•.••••••••••••• 18, 680 6, 000 24, 680 
Colorado: San Juan River Basin •••••••••••.•••..••••••• _ •••••••••••• -".-- •••••.••••••••.. 110, 960 37,920 148, 880 
Xew 1\Jexico: San Juan River Basin ••••••••••••• __ • ________ •• _ .. ---_ ••••••••••. ___ •••••••• 224, 960 15, 100 . 240,060 
Utah: • 

&In Juan River Basin •••• __ •... _ ........... ---- ••••..•. _ .•••••.•••••••• __ •.•• -- •• _ ••• 8, 560 4, 000 12, 560 
Western tributaries ..••••• _ •.•• __ ._ ....... ___ --- ••••••.•. ·------- ••• _ ••• __ • ___ ----- __ 4, 000 10,200 14,200 

!'1nht"tAI 12, .560 14, 200 26,760. 
Tlltnl 367, 160 73,220 440,380 

TABLE LXVI.-Potential power development in the San juan division 

Installed Annual ftrm gPnen· 
Subdivision and project State Ri.-er capacity 

(kilowatts) 
tiou (kilowatt 
boors) 

San Juan River 
F.mPrald Lake •••• ------.---------·-.------- Colorado.---------.·-·- P~in u,.e, ____ - .... ----- -· 
Animas-La Plata (2 plants) •• _ ....... _ •• _____ • _ ••• do ••.. ______ ....... A-::!l.n"'uirr,~~.so •• _ .. _____ ........ 

1 

~~~~;~e~k;::::: ::::: =~= ==:: :::::::: =:::: :: _ ~-~~d~===:::::: :::::::: San a_.nwa.~ .... n •••••• __ ......... 1 

~:/~:~d~~~~~: :::::::::::::::::::::::: :::==~~===~: :::::::::: :1--· --·\'v ......... - -·---. 

15,000 72,000,000 
52,000 192, 000, 000 
52,000 289, 000, 000 
30, 000 152, 000,000 
30,000 176, 000, 000 
36,000 203, 000, 000 

Colorado River 

8(!:nk §:l~~·.:::::::::::::::::::=:::::::::: -A~i~~;:::::::: ==~==::: Covvl.-o_ .. drn!"0d,..,ov ..•..•. __ ........ 1 
3.'\0, 000 1' 843. 000, 000 
400,000 2, 188, 000, 000 

TotaL ..... _______ •••• ______ ............. _____ ...... _________ ..... __ .. __________ ••• __ r-------:---------
965,000 5, 115, 000, 000 

TABLE LXVII.-Potential import diversio11s to the San Juan division 1 

State served 
Esr.imated •~•l"'l!fl I Estimated construe· 

annual din!rsion tion cost i 
(acre-feet) 

Sub<IM•ion and project 

San Juan River Basin 

Montezuma Valley extension ...... _________ ........ ___ Colorado .............. -------------_------. 
Dolores _________ ............ - .. ___ -------. __ • _____ .. Colorado, t"tah .. _ ........ ____ ...... _____ . _ 
Blanding _____ ... __ ...... ___ ...... _ •• ____ .. _ ...... _. __ .... l'tah •••••• ________ • _ ..... __ .. _ .... _ ...... __ ... 

TotaL .......... ______ , ____ ···--- .. __ .... ~- ... .. 

38,000 
3 114, 600 

I, 800 

I 154, 400 I 

$1,300.000 
12, 200, 000 

567, 000 

14,067, 000 

1 .\II rotPnt ial ~iH•rl'ions llN! from th• Grand division In tho Colorado RlvPr Basin. 
•Int'it.d•'< ""t ol works in ••portin~ htlsin. Prellmlnary estimates based on eon• 
stru~"\ 11m Co$h oJ' Ja.n. 1, 11140. 

• Erclusive of 6.000 acre-IPet evaporation from MoP h.,. Reservoir. 

TABLE LXVIII.-P;tential export diversions from the San Juan division 

Sul>di vision and project l av~m~~ State served diversion 
• (acre feet) 

1---------------------------------
San Juan Basin 

~~~dJ;;8~i~~:d_e_.~~-: ~ ____ .... ____ ................ _. __ .. ____ ..... ___ .. _ 
Kan Juan-Somh Fork ... __ 
Animas-Rio Grande ......... __ 

Colorado .... __ ............ _____ ------· •• -.- .. -
North Mexico, Colomdo ........ _ .. _ ........... - .... .. 
Coiomdo .. _________________________________ .. 

...... do ............................................... . 

1\ Western tributaries 
Iuddy CrPek ....... _ .. __ .•• _ .. ---- ........... ___ .. _ .. __ ...... _ ... __ _ utah ............ --- ..... ---

TotaL .... __ .... __ .. 

'Alt,rnatlv• ProjP<:ts oxoludt•d !rom I'Otimat<S ol potential Stl't'8m deplotions in ~an Juan dh·tsion. 

8.1, 000 
I 300, 000 

I Fi3, 000 
1 130, 000 

7, 000 

92,000 
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TAstE LXIX.-Present and potential stream depletions in the San Juan division 1 

State and subdivision 

1 Includes depl~tions ol Wllter orl«inating In the San Juan division, also watl'r 
lmt•,rt<ld lrom tbu Orand rlivbion !u the lollnwin~ quantitit>s: Col"mdo, 108,1.100 
acre-let·t, prt'SI'nt, and Ufi.UOO acre-feet, potenua!; { tah, 24,400 ac!'t'-l<'<'t. P<!ll'ntial 
<~!Ill Jnan). Eteludin~ imported water San Juan rlivision deplNions arc, present, 
:1111,000 aere-fet>t, potootial, 701 ,f.UO acre-letlt; tot!i.l ultiwate,II'JS,UOO &ere-feet. 

Summary-Upper Basin 

Present irrigation developments and stream depletions 
in the upper basin are summarized by States in the 
tables which follow. Summaries of potential develop
ments with estimated costs based on 1940 prices and po-
tential stream depletions also are shown. 

Table LXXIII shows that with full development of 
existing and potential projects the ultimate average re- , 
duction from virgin strean1 flow at Lee Ferry would ex
ceed 9 million acre-feet. In ~timating this probable de
pletion alternative projects which would compete direct
ly for a water supply with other projects were excluded. 
However, in a sense, all of the projects are competitive to 
the extent that the total demand for water exceeds the 
Colorado Rh:er Compact allocation to the upper basin. 

Since water-supply studii'.S are based on average flows 
during the period 1897-1943, wide annual fluctuations 
from the averages in both natural flows and depletions 
may be expected. In years of short water supply both 
basin use and exportations will be limited of necessity to 

Estimated average annual depletion (IICI'e·leet) 

Pres.>nt depletion 

Wawr 
OOnSUIU!:d 

Wat.er 
expnrted 

10,200 ,----------

238,000 2 25,000 

68,400 ----------

13, 400 ---- ... -~---
I 50,000 ........ - ... _____ 

63,400 ----------
380,000 25,000 

Pot.entiallnercase 

39,000 

251, 000 

450,000 

19,000 
11,000 

30,000 
770,000 

Water 
exported 

_____ ., ____ 

85,000 

__ ..,_ ... __ .. __ 

----------
7, 000 

7, 000 
92.000 

Total ultimate 
depletion 

49,200 

599,000 

518,400 

1 Include$ 21.000 acre-1~1 expected to be exported via W emlnuche Pass as a part of 
the !'\an LuL• Valley project. 

• Does not Include depletioll of 4,000 acre-foet ol WBter imporWd !rom Bonneville 
Ba<in. 

• Tbe San Juan division will share also in the depleting ol500,000 acre-!e.·t annually 
allowt>d for 1>asuue irrigation In tbe upp<>r ba,in. 

available natural flows except as hold-0\·er storage has 
been provided. In years when natural flows are abun
dant, greater quantities will be used and exported and 
hold-over reservoirs will be filled. The larger main-stem 
reservoirs provided chiefly for power will be operated on a 
long-time hold-over basis, being filled during a succession 
of wet years and emptied to provide firm power and to 
satisfy compact requirements for water at Lee Ferry dur
ing dry periods, such as the 1931--40 decade. 

Upstream depletions either from basin u5e or exporta
tion will affect the amount of water available for the gen
eration of power. The total permissible depletion in the 
upper basin, however, is subject to limitations of the Col
orado River Compact. Estimates of potential power 
output were made on the basis that enough water would 
be allowed t~ flow through the power plants and on to the 
lower basin to satisfy requirements of the Colorado RiYer 
Compact and the pending treaty with ~lexico. On any 
particular tributary, power potentialities may be greater 
or less than estimated, depending on the extent to which 
upstream water-consumin~ projects are de\'doped. 

TABLE LXX.-Pit'fenl irrigated arc!IS in the uppa ba.)in 

I Arll.IIU& Cvlt•r",to :-;:w !llni~ I l hlh I W)••l'>UI~ I Tot II--

-----r------------~-----:---~,--.-

. . ·-1 - -·-----· 105, ~ill - - - -· ·I .. :?~\1. 1~0 i I 2-17,54\) I. I 5il::!, 530 
-- ............. 15tit6i0 ~.lllhl ---l S5i::?.tii0 
- . . 6, ooo t:l:?, :mo 3s. uou 37, it~1t i ' ~1-1. ooo 

I 

li, tHlO j--;-;)~;;ll 11---~li'Otltt ----~j-4: 1-2tl ~--I 247, 540-rl~St;;, :.?00 
I ' I i 

lu.dwh>t 11,4':0 8(TI'110r Jw-. lwu.lln Ftlt•U prur 1'1, utllhmlt.t'tl lor ("11li'tr1lf'' lnlt. 
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TABLE LXXI.-Prestnt hydroelectri,.· :generating capacity in the upper basin 

Pl't'S<'nt installed capacity (kilowatt.) 
Divisinn 

Arizona ¢olorado New Mexico Utah Wyoming Total 

2, 050 150 2, 400 
50 ------------ 49,717 

170 ... ..,. ... _______ ... _ 5, 100 

2, 270 150 57,217 

TABLE LXXII.-Potential developmem of water resources in the upp~r basin 1 · 

Acres to be irripted Power plants 

StaLe Blld division Estimated con· 
Annual ftrm ~ener- struction cost 1 

New land Furnished SUP· Installed OOJliiC· atjon (kilowatt· plemental water ity (kilowatts) hours) 

Arizona: San Juan .. __ ••• ____ • __ •• _ •••.•••••.•••.•••.•• 18,680 6, 000 400,000 2, 188, 000, 000 $65, 628, 000 
Colorado: 

Green •• _ .................. : .................... _. 197,800 30,360 170, 500 944, 000, 000 96, 300,000 
Grand ...................................... _~-- ••. 135,300 158,270 88,000 453, 000, 000 57,232,000 
San Juan .•••••.. _ .......................... ____ ••• llO, 960 37, 920 67,000 264, 000, 000 69,227,000 

SubtotaL ....... __ ---- ................. -----. ___ • 444,060 226, 550 325, 500 1, 661, 000, 000 222, 759, 000 

New Mexico: San Juan ................................. 224,960 15, 100 0 0 76, 882,000 
Utah: 

Green ..................... ____ ................ _. __ 150,520 145,010 288.000 1, 579, 000, 000 116, 500, 000 
Grand ............. _ ......... ' ................ _ .... 88,700 1, 950 200,000 1, 141, 000, 000 80, 975,000 
San Juan .......................................... 12,560 14,200 498,000 2, 663, 000, 000 150, 298, 000 

SubtotaL ....................................... 251,780 161, 160 I 986.000 5. 3S3, 000, 000 347, 773, 000 
Wyoming: GrP.Pn 291,330 95,360 1, 500 9, 000,000 47, 100,000 
Transmission arid ___ ,_.., ..... _____ --- ~-- ----- .. "'----.- ~- ..... - 170, 000, 000 

TotaL •••••••••.••••••• _____ ••••• __ ..... _ ••••••. 1, 230, 810 so4, 110 1 1, 713,000 9, 241, 000, 000 930, 142, 000 

•.In addition to lrri~tion .and power production, many potential reservoil's would have value Cor flood control, silt retention, recreation, fish and wildlile conservation, and 
prov1de hold-over storaKe lor mer regulation. 

'Preliminary estimates based on construction ~·ts o( Jan. I, 1940. For interstate projects irri~tion costs are prorated to States on basis of area irrigated; power costs are 
allomt<d to States in which power plant.s will be located. Does not Include costs lor potential export diversions. 

TABLE LXXIII.-Present and potential stream depletion in upper basin 

Estimated average annual depletion (acre-feet) 

Existing or authorized projects Potential projects 

' 
State and division 

Present depletion Futurtinc~ Total ultimate 

Consumed In 
depletion 

Exported 
Consumed In Con.,uned in btiSln 

basin Exported blli!iD Exported 

~rizona: San Juan .................... 
olorado: 

10, 200 0 0 0 39,000 0 49,200 

~:~~~~~~~== = =::: = = = =; = = = =: == = = =: 
115,000 0 0 0 324, 000 175,000 514, 000 
776,000 98,300 65,000 421, 000 2!15, 000 1, 492,000 3, 147,300 
238,000 4, 000 0 21,000 251,000 85,000 599,000 

SubtotaL ...................... 1,129,000 102, 300- 61\,000 442, 000 870,000 1, 652.000 4, 260,300 
New Mexico: San Juan. 68,400 0 

-· 
0 0 450,000 0 518,400 Utah: ............... 

~~~~~~~~== =: ::: = =:: =: ::::::::::: 
358,000 81,500 . 0 32,000 264,000 975,700 1, 711,200 

13, ooo 1 

~I 0 0 186.000 0 199.000 
63,400 0 0 30; ono 7,000 100,400 

SttbtotaL _ ..................... 434, 400 81,500 . 0 32, 000 480,000 9H21 700 2, 010, 600 
Wyoming: Green ...................... - 374,-000 0 1- 17,000 0 489,000 87,000 967,000 
Evaporation from power reservoirs ....... ,._ .. _.,. _____ 831,000 -.......... -·-"" -- 831,000 
Reserved for pasture irrigation .......... .:..::.::.::: .. ::..:.::.::::.::.:l· .. -....... -.... --- -.... -- ___ .,. ~ 500,000 -________ ..... _ 500,000 

TotaL ...... _ .............. __ .. 2, 016,000 183,800 82,000 474,000 3, 659, 000 2, 721, 700 9, 136,500 

' R~turn flow UAAble In Wyoming. 
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LOWER BASIN 

The Lower Colorado Basin, embracing an area of 121,-
500 square miles, is twice as large as the six New England 
States combined. It is slightly larger tha nthe upper 
basin, on which it is dependent for most of its water sup
ply. With its vast areas of fertile lands and excellent 
growincr climate the lower basin's demands for water l::o , 

greatly exceed available water resources. . 
The term "lower basin" is here used to refer not only 

to areas downstream from Lee Ferry which drain into the 
Cdorado, but also to the drainage basin of the Salton 
Sea, including Imperial and Coachella \'alleys. Diver
sions to this area are treated as exportations, since from 
them no '' ater can return to the parent stream. 

Present export diversions from the lower basin are 
made only in California and amount to approximately 
2,500,000 acre-feet or more than half of the present deple
tion of the entire river system below Lee Ferry. Full de
velopment under existing or authorized exportation proj
ects, all in California, would more than double present 
exports. Aside from this possible expansion, only one 
potential project is described which would take water out 
of the Colorado River Basin. It involves a diversion of 
112,000 acre-feet for municipal use by the city of San 
Diego. · 

Water of the Colorado River system is now irrigating 
1,351,100 acres in the lower basin which is comparable 
to the present irrigated area in the upper basin. Full 
expan.~ion under recently constructed works will increase 
the irrigated area by 509,000 acres. Potential projects 
arc described in this chapter which, if constructed, would 
bring water to an additional 303,150 acres and supple
ment present supplies for 618,100 acres inadequately irri· 
gated. 

The construction of Boulder Dam and other appurte· 
nant structures is largely responsible for the \'a~t irrigation 
expansi<?n still under way. Even more spectacular is the 
recent increase in hydroelectric power generation. Up
on completion of present authorized construction in the 
lower basin hydroelectric generating capacities will ex
ceed 1,300,000 kilowatts. This capacity would be more 
than doubled with construction of the potential projects 
outlined. 

Little:: Colorado Division 

Flowing northwest to join the Colorado River midway 
in its long course to the sea, the Little Colorado River 
drains ~5,000 square mile!~ in northeastern Arbo:0na and 
wr...;t- central New Mexico. Crystal- dear tributary 
strea1~ rL~ing in the mountains are rapidly absorbed by 
the th1rsty sands of the lower channels. Rain is infre
quent but sometimes falls with great intemit~·. At !':uch 
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times the streams become raging, chocolate-colored tor
rents, carl)·ing to the main C0lorado in 1 year the equiv
alent of 9 inches of top soil from an entire township. 

Vegetation over th~ basin as a whole is scant. Luxu
riant growths, however, are found along river courses 
where water is available throughout the year, and they 
consume large quantities of water. It is estimated that 
over 98 percent of the rain falling in this division is con
sumed by plants, is lost by evaporation, or percolates un
derground and does not reappear ·within the basin. 

WATER RESOL'RCES 

Surface water.-The following table summarizes the 
average annual flows past those points where sufficient in
formation is available to permit their computation. 

TABLE LX..XIV.-Average annual stream flows in the Little 
Colorado division 

I I A .-e~e a.nnoal dow, 
•.acrt>-!e<;tJ 

1 P~~ru 1----~,---i . For J"friod: For 1ro1-.ro 
1 

i ol l't'<.'OI'd 1 !"'nod 

Station 

Little Colorado Rh·er_a_t_G_r_a-nd-~---:---~---
J:'alls, Ariz ___________________ 1926-43 236,700 199,000 

Chevelon Creek uear Win;;low, : 1 I 
Ariz. __________ ~------------1'19:3(}--13; 38,800 I 37,300 

Clear Cr~:k near Win~Iow, Ariz .. ,1 I!:f3(}-4:3 : 69, 300 · 61.600 
::\Ioenkopi Wash 11ear Tuba, Ariz. 192i-43 ) 16, 600 : 13, 700 

• Recorrls inrompL·r... 

The foregoing stations, C.'{cept that on Chevelon Creek, 
are downstream from all diversions and represent the 
surplus flows of the streams in question. During the 
period of record the irrigated acreage within the basin 
has been \irtuallv corutant. 

Stream-flow characteristics oHr the basin as a whl·le 
are ~imilar. The channeL~ 'contain water the ye.u-round 
in the highet elevations but rccei,·e only intermittent t1ows 
in the lower altitudes. Flows o\'Cr the entire area are 
erratic and subject to flash floods of great magnitude. 
The larger p.:u1 f\f the annual run-off from the northern 
tributaries usuallv occurs during the summer month.\ 
while that from the south is sot~cwhat retarded by the 
heavily vegetated highlands of the Mogollon Rim . 

.Approximately 55 percent of the .average annual flow 
of Little Colorado River at Grand Falls, Ariz., down
stream from all major tributaries except ~[ocnkopi \\'ash, 
occurs during the months of February, ~[arch, and April, 
"hile only 35 percent comes during July, August, and 
September. Extremes in fluctuation occurred in 1938 
when there was no flow in the stream for 2 I :l days, whik 
in :\l.trch of that year a flood of 38,000 second-feet was 
recordt•d. U ndcpcndable ~tream flows make holJ-owr 
StOrage J. prerequisite for m:tximum irrigation Ut\'elop
ment. 
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o. 

Little Colorado Division of the Colorado River Basin 

Ground water.-Little is known about 'the ground 
water resources of the basin. The scarcity of existing 
wells and the absence of accurate data on wells preclude 
definite conclusions as to the location and extent of 
ground waters. The very fact that no exploitation has 
been made of this resource in a country where water is 
such a valuable commodity would indicate the lack of pos
sibilities. 

Small artesian areas are known to exist in some por-· 
tions of the basin. Two such areas are found south of 
the Little Colorado River, one southwest of Holbrook, 
Ariz., and the other northwest of Hunt, Ariz. In the 
absence of more complete geological and water level in
formation, it is impossible to determine accurately the ex-

7095til-46--11 

tent of these areas or the existence of other artesian belts, 
or to predict potenial yields. It appears, however, that 
the artesian water resources are small and cannot be ex
pected to furnish·any large quantities of irrigation water. 

Nonartesian water is often found in sandstones, in 
lava flows, and in sands and gravels along major streams. 
Frequently water is at great depths, particularly when 
found in the sandstones. All known pumped wells are 
used for domestic, public, stock watering, or railroad pur
poses. Irrigation with pumped water is not practiced to 
any appreciable extent in the division. There is no evi
dence which indicates that the ground-water resources of 
this basin arc of sufficient importance to be considered as 

. a potential source of water for irrigation development. 
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Quality of water.-Surface flo~s o~ water i? .this di
vision arc of good quality near thetr pomts of ongm. N1 
the water progresses downstream, however, it flows 
throurrh formations that are high in soluble salts, thus 
beco;ing unsuited for irrigation usc ncar the mouths of 
the streams. Mineral springs, in places, contribute large 
quantities of dissolved salts to the waters of the streams. 
Ncar Winslow, Ariz., several springs discharge an average 
of 20 tons of salts daily into the flows of both Che\'elon 
and Clear Creeks. Salt concentrations in the waters 
range from virtually zero near the headwaters to as high 
as 3,000 and 4,000 parts per million in the lower Little 
Colorado River. Waters of the Little Colorado are of 
questionable quality between St. Johns and Holbrook, 
Ariz., and are entirely unsuited for irrigation use below 
the latter town. 

The quality of the ground water in the basin varies 
widely with location. Chemical analyses show water 
from different wells varying from 100 to 6,000 parts per 
million total di.,golved solids. The more saline water is 
not suitable for inigation use. In general, wells con
taining the poorest quality water are located in shale
sandstone formation or in the sands and gravels of Cotton
wood Wash, Leroux Wash, or the Little Colorado River 
bottoms. 

PRESENT DEVELOPMENT OF WATER RESOl'RCES 

General.-Early settlers in the division learned through 
bitter experience that it was impossible for them to con
trol the rivers except in a few selected localities. Settlers 
gradually migrated to the more readily irrigated areas, 
and development progressed without a coordinated plan 
and without knowledge of the wide variations in annual 
stream flow to which the rivers are subject During wet 
periods far more land was brought under irrigation than 
could possibly be supplied during periods of drought. 
Subsequent years of deficient stream flow brought eco
nomic and even physical suiTering. This was e.~pecially 
true in the upper Little Colorado River area, where over
development progressed to the point where a court decree 
was necessary to establish relative priorities. & a result, 
virtually all of the waters of this area have heen appor
tioned. Only during extreme floods docs any water 
escape the region. 

Development of the surface water re~ouiws on the In
dian re.~ervations has followed a some\\ hat ditTercnt pat
tern. Irrigation projects ha\'e lwcn planned, con
structed, and operated under the supcr\'i~ion of the Office 
of Indian Affairs. Agricultural development has been 
adapted, insofar as pol'siblc, to the needs and tempera· 
ment of t.he ~ndians. Individual holdings are small, and 
dry farmmg 1s practiced to ~onw l'Xtent with little sucm;s. 
Flood-irrigated lands, or arras whkh ren·i\'e water only 
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during times of flood, are extensively cultivated. De
spite the planning, supervision, and assistance of the 
Office of Indian Affairs, ~erious problems have arisen be
cause the Indian population is continually increasing. 

Irrigation.-The climate of the basin is such that irri
gation is essential for succtlssful agriculture. 

The principal areas irrigated in the division are: 

Acre8 irrioat€il 
Little Colorado River above St. Johns________________ 15, 180 
Silver Creek Basin-------------------------------- 4, 360 
Woodruff area----------------------------------- 520 · 
Holbrook-Joseph City area---------------------··--- 1, 520 
Winslow area...---------·-------------------------- 610 
Upper Zuni River________________________________ 6, 770 
Scattered areas----------------------------------- 19,040 

Total------------------------------------- 1 48, 000 
1 Includ~s Indian lands: il.560 ncr~~ In the nprPr Zuni RivPr Basin, 

2,040 acreij In scattered areas, and 16,500 acres unuer flood irrigation. 

Irrigation is accomplished chiefly by gravity diversions 
from the main stream. About three-fourths of the white 
irrigated land is served through the facilities·of 13 irriga
tion companies. The remaining one-fourth is irrigated 
by individuals. 

There is no import or export of water by transmoun
tain diversions. 

Power dez.·elopment.-The character of the stream 
flow in the area does not lend itself to the development of 
power. In addition, there is little market for power ow
ing to the scattered population and the lack of industrial 
development. There are only two hydroelectric gener
ating plants in the Little Colorado division capable of 
producing firm power. The combined installed capacity 
of these plants is 125 kilowatts. Stearn and Diesel plants 
scattered through the area have a total installed capacity 
of approximately 3,000 kilowatts. 
Drainage.~Some areas of the division have become 

waterlogged and have been taken out of production. As 
these areas should never have been in production, no 
effort has been made to drain them. On a whole the 
topography has reduced drainage problems to a minimum 
on most of the irrigated areas. 

Flood control.-~lost of the lands lying in the flood 
plains of this division are undeveloped and unimproved. 
Hence, the rampant floods to which the ·area is subject 
cause relatively little dan1age except for occasional rcmo\·
al of diversion dams. In only a few independent areas 
do floods en'danger developments. The swollen streams, 
however, tran~port large quantities of silt into the Colo
rado River. Existing rservoirs in the Little Colorado 
di\'ision were neither constructed nor are operated for 
flood control; however, they afford a certain amount of 
protection. 

Summary.-The following tables summarize present 
development of water resources in the Little Colorado 
divi..,ion: · 
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TABLE LX.:'i..V.-Existing reservoirs in the Little Colorado division l 

Capadtr 
(acre-ll .. t) Rcser<oir Source of water 1 Locati,m I Purpose served I 

-------1---------r---.,----1 1---
l.l"lll81l ____________ , _____ Little Colorado River. _________ Arizona •• --------1 Irrig~t~on •••••..••. --- ------1 
I.3ke ..\Ian·---------- Walnut Creek _________________ .••.• do... ---· ll11!mc~pal ................... 

1 

21,900 
18,900 
14,000 

~~'i::: ;,:~J:: ~ ~---:} ~g:~z;~~~= ::: ~ ~~: ~~:: : =~Jl~= ~:: ~ ~ ~ ~ t~;n~;·~·::~:: :_ ~ ~ ~ ~ ~ ~: ~ :j, 
Soldiers Annex Lake __________ Canyon Du?.bio ________________ ..•.• do ___________ lr~gat!on, st.ock ••• -----------

9, 530 
5,170 
5,080 
5, 000 
4, 300 
2, 390 
l, 670 
1, 200 
1, 200 
1, 200 
1, 000 
1, 000 

1 Includes only reservoirs with capacities of more thllD 1,000 acre-f..,t. 

TABLE LXXVI.-Present irrigated areas in the Little 
Colorado division 

Acres irrigated 

Am~ 

Arizona New Total Mexico 

Silver Creek Basin ••••••••.•••••. 4, 360 0 4, 360 
Holbrook-Joseph City area •• _____ 1, 520 0 1, 520 
Winslow area •••. ------- •• ____ •• 610 0 610 Other ____ •.•••• ____ •••• ________ 32,740 8, 770 41, 510 

. ~ TotaL __________________ ! 39,230 8.770J 48, 000 

TABLE LXXVII.-Estimated percent average annual 
depletions in the Little Colorado division 

Depletions (oore-leet) 

Area 
Arizona New Total Muioo 

Silver Creek Basin ..••••. .' .•••... 6, 500 0 6, 500 
Holbrook-Joseph City area •. __ ._. 2, 300 0 2, 300 

~:;~~-~~~===::::::::: ~ ~ ~~::: 900 0 900 
49,000 13,000 62,000 

Total.----------- ____ . ___ 58,700 13,000 71,700 

PoTENTIAL DEVELOPMENT or WATER REsouRcEs 

Opportunities for development in the Little Colorado 
division are largely confined to four areas. One poten
tial project is outlined for each of these areas. The poten· 
tial Bridge Canyon project on the Colorado River, dis
cussed in this chapter under the Boulder divi~ion, would 
bring power into the Little Colorado division. 

Although the Coconino dam site is located on the Little 
Colorado River downstream from the Little Colorado 
division, construction of a dam at this site would form a 

13,000 
8, 720 
1, 170 

reservoir extending into the division. The Coconino 
Dam is discussed in this chapter under the Boulder 
division. 

Snowflake project.-This development in Silver Creek 
Basin would include the diversion of water from Showlow 
Creek through a 2-mile tunnel into a storage reservoir of 
25,000 acre-feet capacity at the Shumway site. At the 
reservoir the waters of Showlow Creek would be com
mingled with those of Silver Creek and distributed to about 
6, 700 acres of new lands lying on both sides of Silver Crj::ek 
in the vicinity of Snowflake, Ariz. A portion of the 2,000. 
acres now irrigated would be supplied water through the 
facilities of the new system. The irrigation structures 
planned would have some incidental flood-control benefit. 

Black Creek project.-Cons6:uction of a reservoir at the 
Black Creek site near Houck, Ariz., would provide 48,600 
acre-feet of irrigation storage capacity. Releases to the 
natural channel of Black Creek would be diverted into a 
canal north of the Puerco g_iver. A siphon cro&<>ing of 
the Puerco River would convey the water to a distribution 
system serving 4,000 acres along the south bank of that 
stream. This project is an alternative to an upstream 
irrigation development within the Navajo Indian Reser
vation in Arizona and New Mexico, for which the Office 
of. Indian Affairs holds prior water rights. Either plan 
would have about the same depletory effect upon stream 
flows. 

Holbrook project.-Along the Little Colorado River 
near Joseph City, Ariz., are 1,800 acres of new ]and and 
600 acres now inadequately irrigated which would receive 
water from this project. Storage would be provided in a 
reservoir at the Fork site on Little Colorado River just 
below the mouth of Silver Creek. Of its total capacity 
of 117,000 acre-feet, 75,000 would be for silt retention. 
A canal diverting from this reservoir would parallel the 
river on the ~outh side to a point 4 miles west of Holbrook, 
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where a siphon would carry the water across the T!\ er into 
a canal leading to the project l.Ulds. Incidental 1 hannel 
improvements resulting from construction of thi:- project, 
together with the regulatory effect of silt and irrigation 
storage, would provide some flood protection for down~ 
stream property. . 

Winslow project.-.-This development would utilize the 
waters of Clear and Chevelon Creeks for the irrigation of 

' t9J50 acres of new lands, including 5,000 acres of Indian 
lands ar1d 14,750 acres of white-owned lands, all on the 
north side of the Little Colorado River in Arizona. Con
struction of the Willow Creek Dam on Clear Creek would 
provide for storage of 45,000 acre-feet of water, and con
struction of Wildcat Dam on Chevelon Creek would im-
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pound another 49,001) acre-feet for irrigation me. Be
cause of the steep-walled Ltnyons in which the streams are 
entrenched, tunnels headi:y;- at diversion weirs would be 
necessary to convey water to the canab leading to the proj
ect lands. In addition, a siphon cros.-;ing under the Little 
Colorado River would be required. 

Summary 

The following tables summarize potential develop
ment in the Little Colorado division, showing various · 
purposes to be served by potential projects, estimated 
construction costs, pot<>ntial reservoirs, and present and 
potential stream depletions. 

TABL,E LXXVIII.-Potential projects in the Little Colorado division 

Pro)oot Lomtion of I Sour~ or water supply I Ptu'J)OSe t.o 
!JfOJOOI be served I 

Estimate<! con
struction cost• 

Snowfulke. _ .•.•• _. _ ...•• _ ..••. _ .• __ •• ___ • _ _ Arizona. _____ II Show low and Silver Creek._ .• _._ ... __ ' I, F, S 
Black Creek •..••.••• _ ........ __ . ___ ._ .• ____ ..•••• do....... Black Creek. ____ ----- __________ .___ I, F, S 
II~Ibrook ___________________ • ________________ ••••• do ••••••• Little Colorado River ________________ I, F, S, C 
Wmslow •... --------------------------------- •.•.• do·------1 Clear and Chevelon Creek____________ I,}', S I 

TotaL •• ---- __ .. -------. ___ ------ •. _. __ ····----- ___ -------- .. __ ... --.--- .. -_ ...... ______ •.. ___ . --1 
'Symbol! w<ed: I•lrrlgstion, P•power, F·llood control, S•sllt retention. C•cbannel improvement. 
'Prelumn.ary estiiDates based on construction costs ol Jan. 1, 11140. 

TABLE LXXIX.-Potential reservoirs in the Little Colorado division 

Nllllleolsite• Sourw ol water rupply ProJoot served directly 

I 

82,600,000 
1, 800.000 
1, 300, 000 

19, 000, oco 
24, i'OO, 000 

Total l'SI'IIM!Y 
(acre-feet) 

·--------------------------------i-----------------------
~umwcy ____________________________________ , Showlow and Silvrr C'reck.s ••••••••••. l Snowflake ______________ i 25,000 

· plaek reek ..• --------.------- •• ---.---------' Black Creek.----------._. __ • _______ I Black Cre<'k. ___ ..• ___ ._I 48, f\00 
\\?~1';~-c-: k----·-··- --·-y···-- ---.-------- J ~ittle Coloratlo •••.•..••.•••. , . ___ .. -I Hl!lbrook ____ . ______ ..• _; 11 i', 000 
\V\d t rt.c ·-·-········--···-·--------------~ Clear Creek •• ·---------------------- \\ mslow._______________ 4.3, 000 

1 ca --- · ---····-········· -- .• - .. -·- ---· --- C'hevelon Cret>k •.•••••. __ -·-···- _ .• -! Winslow _______ . _____ .__ 49,000 

TutuL •• ····------ ---- --·-····---- •••• -·--·-·--· ----- -·--·--.----- • --------.-- •• -- •• ----.------- --\--:..-~S-4-, 6-0-0 

I Au in ArilO!I&. 

TABLE LXX.'\..-Potential irrigation development tn the 
Little Colorado divisio11 

Att'll to be ben,.fltcd (acn'!l) 

Pruject 1 
FurnL<1~<.d 

New laiHi 8UJ •J'It•uu·ut.al Total 
water 

~;~~~c~::;.k ·--------- ----- ·-- I G, iOO 0 6, iUO 
llolurook -- ·- .. - · -- • ··-- • ·- 4, 000 0 4, OtiO 

Win~lnw .:::::::::::::: _:: =~:: 
1,1\00 (\(I() :l, 4ll0 

19, i50 0 1\l, i50 

TotaL •••••••.• ___ ••.•• 32, 250 tiOO I 32, 1'-iiO 

1 A llproo)HUJ In Antona. 

TABLE LX.'OI::I.-Present and potential stream dcJ,[flions ;,, 
the Little Colc,rado diuision 

I E>Limat,'<l awr>cr annu;.i J,•plt'!i<>u 
•~r!\"1•-.:l) 

i· 

I rn>;;•nt I I:l•l"'lli:ll I U~!~:.3,1:e 
dt::llll'llllll UU .. Tf"ll..-wc dt'pidWU 

------1 -·----,-
Arizona: I 

l'ilvt•r Cre<'k Ra-<in •••• _, 
llla<·k Crt•ek l'rt•jert __ _ 
llolhroc>k-Jo.;epll City 

lltt'IL ••••••••.•••••• 
\\'in~!. w art•R 
Other :ll't'II.L ~~---_-_·:::: 

6, 500 10, (){)() 16, iiOO 
0 6, 000 6, 000 

2. aoo 2, iOO 5, 000 
!100 3ll, Ot10 :~o. !l\l(l 

4!1, 000 0 49,000 

1\S, 700 I ·ls. ;oo 1 10:', 400 
13, ()(\\) ! o, u.ooo 

ii,7oo I 4S, iOO I 120, 400 

~uht,,taL ......... .. 
New 1\lnil:o (all areas) ••.• 

TotuL ••••.••• -···-1 
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Virgin Division of the Colorado River Basin 

Virgin Division 

The Virgin River is flauked on the east by Kanab 
Creek and on the west by Muddy River. All three 
streams flow south or southwest to the Colorado River. 
The Virgin and Muddy Rivers once joined before reach· 
ing the Colorado, but both now discharge separately into 
Lake l\lead, the reservoir formed by Boulder Dam. 
Kanab Creek enters the Colorado River in Grand Can
yon National Park. The combined drainage areas of 
these tributaries in Arizona, Nevada, and Utah consti-
tute the 12,700 square miles of the Virgin division. / I 

\ 

WATER RESOURCES 

Surface water.-The principal streams, fed chiefly from 
springs and melting snow, head in the high plateaus and 
mountains bounding the area on the north. Except for 
several springs and occasional freshets from summer rains, 
the proportionately large areas at lower and intermediate 
elevations contribute little run-off. 

The discharge rate of several major springs in the 
division is nearly uniform throughout the year. All other 
stream flows are erratic and fluctuate widely from season 
to season and from year to year. Storage regulation, 
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therefore is necessary for maximum utilili\tion of water. 
High ~pring run-off from melting snow u\;ually ends in 

• \ 11 • th 
~Iay or June. Low flows then contmue ~ve mto e 
fall. Occasional freshets or floods occur 1:1 all seasons 
of the year; in winter and spring from heavy rain or 
rapidly melting snow or both, and in summer ~nd fall from 
localized torrential rains. ' 

The average annual "irgin flow of the \'irgin River at 
Littlefield, Ariz., near its mouth is estimated at 310,000 
::t.cre-feet. Recorded flows of streams at Yarious points 
are shown in the following table. Unfortunately th~re 
are no discharge records of Kanab Creek and Meadow 
Valley Wash, the principal tributary C>f 1Iuddy River. 

TABLE LXX..XII.~Al'l,.ragl!l' annual stream flows in the 
J 'irgirl dioision · 

Station Period ol 
l'l'oord 

A n•ra~~ annnalllow 
(acrt>- ft'<'t) 

For J)!'riod For I\J.11-
ol rN"rd lf!40 J)!'riod 

~ortu Fork of Virgin Rh·er I 
near Springdale, riah _______ 1926-1943 78,000 78,000 

\'irg:n Ri,·er at Virgin, rtah ... 191()--1943 162,000 H2, 000 
Virgin River at Littlefield, 

Ariz._____________________ 193()--1943 1 204, 000 189, 000 
Sant~ Clara Rh-er below Gun-

lock, l'tah_ ________________ 1939-1943 22,000 
1

1 19,000 
:\Iuddy River at head of 1 

~Ioa~·a Indian Re.'J('rvation, i I 
~enl.da ___________________ ! 1917-1943 r·---~ - 131, ()()() 

I F~timat.Ni. 
t Rt-rords inromplt-1<!. 

Ground water.-:Many small springs and seeps scattered 
through the area have been developed for stock watering 
.and domestic purposes, and all the larger springs are 
utilized for irrigation. Other than the discharge of 
~prings, ground water is of limited importance. A 
few ~mall w·clls in alluvial-filled valleys are oper .ned for 
irrigation and domestic purposes. There are no known 
ground-water basius ha,ing large contribtlting drainage 
areas, and the po:.sibilitics of further ground-water de
velnpment for irrigation are bdieYed to be insignificant. 

Quality of water.-Watrrs of the upper portion of the 
Virgin River and of all its northem tributaries are of suit
able chemical quality for irrigation usc. These waters 
ha\'e been used for many years for irri~ation, and 110 detri· 
mrntal effects tu crops have bt·cn apparent. 

Below La Verkin, Utah, mineral l'prin~ contribute to 
tlte Virgin River large quantitics of water \\hich arc 
highly thar~l:'d with mineral ~alts, chil'flv rarbonatC11, sul
phatcs, and rhloriJes of r .1.kium, m.tgnt·sium, and st)Jiwn. 
At Littldldd, Ari1.., near tlw mouth of the river, mineral 
sprin!::S rontribute an avrrage of GO ~ccond-fcrt uf water 

1• I . . , 
w lit 1 ron~tttult'!l mo~t of the luw flow of the strram. Thi.~ 

watrr i~ um,ttisf.trtory for domc~tic usr. Only because a 
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high percentage of the mineral content is gypsum is the 
water at all usable for irrigation, and then only for the 
more salt-tolerant crops. 

Waters of Kanab Creek and ~feadow Valley Wash are 
of good chemical quality and have long been used for irri
gation. Muddy River waters, derived principally from 
springs, are of fairly good quality for irrigation. 

Silt content of streams in the Virgin division is fairly 
low in the headwaters at nearly all times and also in the 
lower rcilchcs during ordinary low flows. Freshet and 
flood flows, however, are high in silt content. 

PRESENT DEVELOPliiENT OF WATER RESOt:RCES 

General.-Although the total run-off during the low
flow season is now fully utilized for irrigation and some 
shortages are experienced, the major part of the stream 
flow during the nonirrigation and high spring run-off 
seasons escapes from the area unused. Plans for develop
ment of portions of this surplus water for irrigation have 
been proposed from time to time and there has been some 
effort toward prornrtion of projects, but no successful 
developments therefrom have as yet materialized. 

Domestic water fur communities is obtained for the 
most part from springs, and nearly all communities have 
municipal distribution S)'Sterns. Some community do
mestic supplies are pwnped from wells. Outlying farm
steads obtain domestic supplies from pri\'ately O\\lled 
springs, irrigation ditche~, small wells, or by hauling from 
distant sources. ~!any seeps and springs ha,·e been de
veloped for stock watering, and many watering ponds 
have been constructed on the ranges for capture of 
occasional surface run-off. 

lrrigation.-Irrigation was early expanded to the limits 
of natural stream flow, and by 1905 some streams were 
o\·erappropriated, with shortages resulting in low run-off 
sea~ons. The high cost of potential projects has pre
cluded any material development of new systems by local 
interests for irrigation of additional lands in the area ~ince 
about 1905. Present storage development is practically 
negligible. 

Approximately 36,100 acres are irrigated in the \"irgin 
divi~ion, of which 23,500 acrcs are in Utah, 2,800' acrrs 
are in AriLOna, and 0,800 acrcs are in Nevada. These 
areas include 400 acres of Indian lands; the Office of In
dian Affairs estimates that 700 additional acres of Indian 
lands in existing de,·elopments will be irrigated ultimately. 
Irrigated acreage varil'S somewhat from year to year de
pending upun fluctuati1nlS in stream flow as we.ll as eco
nomic conJitions. All irrigation development has been 
acrompli:-;hrd by individu.1ls anJ mutual irrigation com
panies. 

Nt'arly all irri~ation dc\'ClopmenL~ are simple gr.n ity 
.tiwrsinns withl'llt ~toragc rrgulation. Some small are.1s 



GSI:\"G THE WATER-VIRGIN DIVISION 

are st•n~:d by pumping. About 15,000 acres of the total 
irrigated area have a fairly adequate water supply .. The 
remaining area suffers frequent water shortages of varying 
degree. No water is imported into the division and only 
one small diversion is made out of the area. This diver
sion is from the headwaters of Santa Clara River to Pinto 
Creek in the Bonneville Basin. 

Power dez·elopment.-Stream flow is used for power 
production at five hydroelectric plants in the area. One 
plant of 1,000-kilowatt capacity is located on the Virgin 
River at La Verkin, Utah, and three plants with combined 
capacities of 1,890 kilowatts are located on Santa Clara 
River near Veyo and Gunlock, Utah. These four plants 
are owned and operated by the Southern Utah Power Co., 
which supplies electric energy to most of the communities 
in the Utah portion of the division. The fifth plant is 
the recently installed St. George municipal plant located 
on the pipe line diverting municipal water from springs 
at the head of Cottonwood Creek, 15 miles northwest of 
St. George. This plant has a capacity of 550 kilowatts, 
and its output is augmented by two diesel installations at 
St. George, having a combined capacity of 800 kilowatts. 
Communities in the Nevada portion are served with power 
from the Boulder Dam power plant. 

Summary.-Irrigated areas and estimated amounts of 
water consumed in the Virgin division are summarized in 
the following tables: 

TABLE LXXX.lli.-Present irrigated areas in the Virgin 
division 

Acres irrigated 

Amona I Nevada t:tah Total 

Yir~tm Rher............ 1,800' 2, 800 19,600 1

1 

24 200 
Muddy RtvPr .... ------1 0 7,000 ~ 0 7' 000 
Kanab Creek .•..•..•... , 1.000 0 3,900 I 4:900 

~------------
TotaL __________ ! 2, 800 I 9, 800 23,500 j 36,100 

TABLF. LXXXIV.-Estimated present average annual 
depletions in Virgin division 

Stream 
Depletion.• (8CJ"t)-loot) 

Arizona Nevada Utah Total 

3,600 
0 

1, 500 

9, 800 38, 000 
14,000 0 

0 7, 000 

51, 400 
14. 000 

8. 500 

5, 100 23, 800 4.'i, 000 73, 900 

POTENTIAL DEVELOPMENT OF WATER RESOURCES 

The major water-use problem in this division is that of 
providing storage regulation of the available ~tream flow 
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· to secure a full supply for lands now inadequately irri
gated and for as large an additional irrigable area as is 
practicable. · Such development would help to stabilize 
irrigated agriculture, relieve the local population pres
sure, and enlarge the livestock feed base so as to attain 
more nearly a balance in industry of the area. 

J{anab Creek project.-Storage on the main streams 
of either Kanab Creek or its tributary, Johnson Creek, 
is impracticable because of the high silt discharge of 
these streams. New development is limited to offstream 
storage of the comparatively silt-free, nonirrigation season 
flows of Kanab Creek, which are derived esscntiallv from 
springs emerging in the stream bed several miles' above 
the town of Kanab. To provide such storage a reservoir 
of 1,400 acre-feet capacity at the offstream State Line site 
would be fed a water supply from Kanab Creek through a 
short extension of the existing Kanab canal. The stream 
flow thus diverted and stored would furnish a supple
mental supply for I ,000 acres of land near Fredonia, Ariz. 

Hurricane project.-A reservoir of 165,000 acre-feet 
total capacity (65,000 acre-feet active and 100,000 acre
feet reserved for silt) on Virgin RiYer at the Virgin City 
site 3 miles northeast of Hurricane, Utah, together with a 
27-mile canal extending southwest from the reservoir, 

• would furnish a supplemental supply for 6,500 acres of 
land now insufficiently irrigated and a full supply for 
14,000 acres of new land, all in the Hurricane-St. George 
Valley in Utah and Arizona. The existing 1,000-kilo
watt power plant at La Verkin, Utah, dependent on 
erratic river flow, would be abandoned, and power would 
be developed at three new plants having a combined ca
pacity of 4,600 kilowatts and a combined head of 800 
feet. In addition to meeting power replacement and 
project pumping needs, these plants would produce about 
15,000,000 kilowatt-hours of firm power annually. The 
reservoir would also have incidental value for flood con· 
trol, silt retention , fishing, and recreation. 

Santa Clara project.-Full regulation and utilizaticn 
of the flow of Santa Clara River, the principal Virgin 
River tributary, could be obtained by means of rul' 18,000. 
acre-foot ( 14,000 acre-feet active capacity) reservoir at 
the Lower Gunlock site on that stream. A supplemental 
water supply for irrigating 1, 700 acres of land in need of 

• more water and a full supply for 2,000 acres of new land 
in Utah under existing canals would be prO\ided. The 
reservoir would have incidental value for flood and silt 
control and for fishing and recreation. 

Panaca Valley project.-Irrigation development in the 
Muddy River Basin is limited by available water. A 48,
DOO-acre-foot reservoir at the Delmue site on Spring 
Creek near its mouth (the head of Meadow Valley 
Wash) 7 miles northeast of Panaca, Nev., would pro
vide storage for irrigation water and flood control. A 
new 1 0-mile canal would carry this water to 2,000 acres 
of land in need of a supplemental supply and 2,000 acres 
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of ntw land. The reservoir would have incidental value 
for fishing and recreation. 

Moapa Vall e)' project.-A reservoir of 9,500 acre-feet 
capacity at the White Narrows sit~ on Mud.dy River 
y·ould provide water storage regulat:Jon to furniSh a sup
plemental water supply for 2,500 acres and a full supply 

. for 1,500 acres of m:w land in :Moapa Valley, Ariz. This 
resen·oir would also provide 2,500 acre-feet of storage for 
flood control and· silt retention. Rehabilitation of the 
praent distribution system and drain~ge of project lands 
would be included in the project development. 

Jfoapa Valley Pumping project.-This development 
would prm·ide an irrigation supply for 6,000 acres of new 
Lwd in the ]lfuddy River drainage area by pumping from 
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Lake Uead. The first pump would lift the water 130 
feet to a canal 22 miles long. A second pump would lift 
the water an additional 105 feet where hail the flow 
would be diverted in a S-mile canal. A third pump would 
lift the remaining flow another 80 feet to a canal 10 miles 
long . 

Summary 

The following tables summarize potential development 
of water resources in the Virgin divisions, including the · 
various purposes to be served by potential projects, esti
mated con."truction costs, areas to be irrigated, and 
stream depletions. 

TABLE LXX.'XV.-Potential projects in the Virgin division 

PJ'(•jc~t ' Location o~ project '-~~uur'~_or 11ater supply I_ Pu~:':J~ be 
I E't imatl'<! c<•n
j struct km oo!'t' 

. li~~~~~.,~~~~-::: :::::::::::::::: ~~~ f,~;~~~"i-rz~-;;a-_-_::: ::::::::::I fi~;~ ~~e:~~ ::::::::::::::::::I I, P: s. F 
\ ~a .. ta Clam ______________________ l:tah.---------------------- Santa Clara Hiwr _______________ j I, F. ci 

Panaca Yalley ••. _________________ Nevada ____________________ l\lradow Vallev Wash ____________ ! I, F 
:\loapa Yall€'y ____________________ , _____ do _____________________ Muddy River:__________________ I, F, S 

8200,000 
9, 200,000 
l, 700,000 
1. 300, 000 
. 7GO, 000 

2, soo, (100 ~!u&pa Valley puruving--------·---j-····do _____________________ Lake l\lead. ____________________ 
1 

I 

TotnL __ • ___ -~ ____ • _ •• ____ , •••••••••.••• _- -_. ___ .•.•.• _: ••. _ - -. - -- - .• - - -- -- ---- -- - - -. - - -!- ---- ---- -- 15, noo, ooo 
I I I 

1 Symbols used: 1-lnigation, P-power, S-silt reteniion, and Jl'-flood control. 
' Pl'l'limioary l!lltiln$tCS b!ISed on oonstrut•ti,,u cost of Ian. 1, !\•«!. 

TABLE LXX.~\'1.-Pofcntial resm·oirs in the Virgin dh·ision 

!l.••w~ or site il<•urt'f' ol •rater S11PI•IY I Total !'aJ"'<'tty 
ltKre-feel) 

.n~:hLs~i~=;;~:::: ::::::::::::::::::: ~E~~bc~~:-~~~=~=== =:::: ::::::: ~= ~~ ~~~~:~~c~::~~-~=~= := ~:::: =~:: ::::::I 1d: ~?,~ 
R~~~k ----·----~- -------------- --~ Meadow Valley Wa::-h .. __ • __ •. _. __ Pana<'a Valll'y ______ • _ ••• _____ ••• _ i 48, 000 

t • arro\\ s_ -------------- •• ---... l\luddy Cl'e<'k •••. ______ ••• __ •.• _.. ~loapa Valley .... ___ • _________ .. _ -l ___ 9_, _r.o_o 
TotaL_--- -- --------.-- •• -- .• - -j---- ... -•.•.... _ .. _. _ ......... ·. _ . _: __________ . __ ~. _ ..... _. __ . _. _. __ . _: 241, 900 
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t~~~~~~~~c('k ••.•• --- ... - .•.• _ •. _. _ •• ·-·. ___ • -1-~riwna .. - ____ • ____ . _ .••.• __ _ 

fi~~r~~ti.i.~,~UE:.i~~HHE_: !-t~;~~~E~fEHC 
Total_ _______________________________ --·-·- -·----------

I ArM to 0.: t>rnef;t~d .acr>.'5\ 
1-------,------
1 ' 

I 
:\r" i,l•·! 1 } urni·IJ"'I ~up- 1 

i i•h.•lllt'HC\J \\,,\tlf j 

-'----~~·-1-- I 

o 1 1. ooo 1· 1, ooo 
1-1, ono : ti, ;,oo :20. fiOO 

I 

--- i 

2, oon , 1. it'n 3, iOO 
·) 1;l10 . 2, ooo -1, ono i; iino ' 2. :mo -t, ooo 

• __ ... , ----~~_. <_~t-lO_i _____ o_·---~!1-',_o_t\O 

2:\.500 I 13, 700 I 3P, 200 
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TABLE LX..'XXVIII.-Potential irrigation dc1•elopment in 
the Virgin dil•ision by States 

Area to be benefited (acres) 

SMe I Fumishod 
~ew land supplemental Tobl 

water 

Arizona .. __ .•.••.... _ •.•. 3, 000 1, 000 4, 000 

tr:~~~~~: ~ ~ ~: ~ ~ ~:: :::~~:-I 9, 500 4, .'iOO 14,000 
13,000 8,200 21,200 

I 

TotaL •.• -----·-·-1 25, 500 13, 700 39,200 

TABLE LXXXIX.-Potential power development in the 
Virgin division 

X ame or power lnsl•lled I Annual genera-
Project plnnt River capacity lion (kilowatt• 

(kilowatts) hours) 

Hurricane .••• Virgin •••.•••• V~~n 2, 000 12, 900, 000 
Do .••••••• B~>nch Lake ... 800 5,200, 000 
Do .••••••• Warner Valley cln 1,800 14,700,000 

TotaL ~·-~-·---_ ... ___ 4, 600 32,800,000 

1 1\et firm generation would be 15,000,000 kilowatt-hours in 
adrlition to replacement of power from the 1,000-kilowatt La 
Verkin, l'tah, plant, project pumping needs, and secondary 
energy. 

TABLE XC.-Present and potential stream depletions in the 
Virgin division 

Estimated average annual d•pletion (acre-
feet) 

Stllte and subbBlin 

Pr'"""'tde- PotP!ltial Total ultimate 
plction Increase depletion 

Arizona 

Virgin River .............. 3, 600 12,000 15, 600 
Kanab Creek ............. 1, 500 700 2, 200 

SubtotaL .. _____ 5,100 12, 700 17, 800 

Nevada 

9, 800 0 !!, 800 
· Hit·pr 14,000 15, 000 29,000 

1 Rit·Pr 0 21,000 21,000 

SubtotaL _________ . 23, 800 36,000 59, 800 

Utah 

~~~~~ I~!;;k:~~:::: :::::: 38,000 56, 300 94, 300 
7, 000 0 7, 000 

SubtotaL __________ 45,000 56, 300 101, 300 

Tobl 73, 900 105,000 178, 900 

Boulder Division. 

_The ~oulder division, roughly 450 miles long and 150 
miles Wide, embraces 4R,600 square miles in Arizona, 
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California, and Nevada. It includes not only the area 
which drains into the Colorado River below Lee Ferry, 
excluding areas tributary to the Little Colorado River 
above Moenkopi Wash, Kanab Creek, Virgin River, 
Muddy River, and the Gila River above Sentinel, but the 
valley containing the Salton Sea, whose drainage is not 
tributary to the Colorado River and whose diversions 
therefore constitute exports from the basin. 

The Colorado River enters the division from the north
east at Lee Ferry, weaves its way west and south for 350 
river miles, then flows south 358 miles emerging from the . 
Boulder division at the Mexican border. The Williams 
River, formed by the confluence of Big Sandy and Santa 
Maria Rivers in west central Arizona and entering the 
Colorado just above Parker Dam, is the only rna jor stream 
rising in the Boulder division. 

WATER RESOURCES 

Surface water.-Gage height records of the Colorado 
River at Yuma, Ariz., have been maintained continuously 
since 1878, although discharge measurements date only 
from 1902. During later years other measuring stations 
have been established on the main stream and tributaries. 
The average annual virgin flow of the Colorado River at 
Lee Ferry, based on the period 1897-1943, is estimated at 
16,270,000 acre-feet. The virgin flow for the Gila River 
near Dome, Ariz., is estimated to be 1,270,000 acre-feet. 
The average annual flows of the Colorado River and two 
of its tributaries as recorded at various points in the Boul
der division are as follows: 

TABLE XCI.-Average annual stream flows in the Boulder 
• ' division 

Station I 

A veruge annunl ftows (acre
feet) 

Period of[-_,_---,----
record · I For period or For 19:lHO 

rc(-otd Jjl'riod 

I 

Colorado River at Lees Ferry •. 1921-43,12, 727, 900!'10, 142,000 
Colorado River at Bright An-

geL _____________________ 1922-l:U2, 977,00010,520,000 
Colorado River near Topock ... 1917-43

1

13, 740,000,2 7, 729,000 
Colorado River at Yuma ...... 1903-43/13,316, 0001

25, 70!l, 000 
'\\:illia~s River at Planet ...... 19~8-~l 116,000

1

, 12-5. 400 
G11& R1ver near Dome •• __ • __ . 193Q-43i 84, 600 57, 900 

1 A 11 In Atirona. 
1 Filling or Lak• Mood wss st.arled In 1113.1, which acrouots lor the low average Oow 

at these gaging s1at1ous. 

About 67 percent of the annual run-off of the Colorado 
River occurs during the period April to July inclusive. 
Regulation by reservoirs is necessary to permit full utiliza
tion of the water. Large storage re~ervoirs also provide 
protection from floods, which normally occur during the 
spring period from melting snow, but occasionally come 
in late summer or early fall with torrential downpours. 
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THE COL~ RIVER 

LOCATION MAP 

Boulder Dit·ision of the Colorado Ril•cr Basin 

At present the flow of the Colorado Riwr exceeds the 
requircmenL~ of the irrigated lands, but future dcvdop
ments bhould he limited to the available water supply. 

Flows from the Williams Rin:r are erratic and subject 
to fia.~h floods of great magnitullc, During the I 0-year 
period, 1931 to 194·0, the annual flows \'aried from 11 ,fiOO 
to 307,000 acre-feet. 

The Gila River channd is dry at Dome, Ari.t., fnr ln11.~ 

periods. No flow is recorded at this station some years. 
Occasionally torrential rains cause large floods. 

Ground water.-Ground water occurs in this division 
in the v.11leys of the Coh)rado Rh·er and the lower Gila 
River. The Las Vegas Valley in southern Nevada and 
the Coachella Valley in the Salton Sea Basin in southern 
California have brnc.fited from u~e of ground water. 

Of the 250 producing wells in the Las Vegas area in 
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1938, about 7 5 percent were artesian. The depth of the 
wells drilled varied from 150 to over 1,150 feet. Lack of 
conservation of the artesian water has depleted the avail
able supply, especially in the upper artesian sands. 

The development of the Coachella Valley, also an 
artesian-well basin, has been almost continuous since the 
first well was drilled in 1898. However, the placing of 
new lands under irrigation recently has caused a serious 
drawdown of the ground-water level in the basin. 

Other developments of irrigated lands by wells exist 
in the Colorado and lower Gila River Valleys, the most 
important of which is the Wellton-1\fohawak area in 
southwestern Arizona. Supplies of ground water in this 
area are replenished by the flood waters of the Gila River. 
Developments on the upper Gila watershed have greatly 
reduced the amount of flood water reaching these down
stream areas. In recent years the ground water supply 
has decreased and its salt content has increased. As a 
consequence, an unsatisfactory economic condition exists 
in this area. 

Quality of water.-Water of the lower Colorado River 
is suitable for irrigation use. Before the completion of 
Boulder Dam and the subsequent storage of water in Lake 
:Mead, the content of dissolved material in the water 
tended. to fluctuate with the various flows. Generally, 
high flows were relatively low in total dissolved solids and 
low flows were high. Since the lake has filled, the out
flow water is fairly constant in dissolved solid content, 
averaging annually about 680 parts per million. As it 
progresses dov.11stream, however, the content of dissolved 
solids in the river water increases somewhat until at Yuma 
the total dissolved solids average about 700 parts per mil: 
lion. Water of this quality is suitable for irrigation and 
domestic use. Although the calcium carbonate content 
makes the water hard, thus requiring more soap for cleans
ing purposes, it is of benefit to the sandy soils of the south
western desert lands. When water of this ·quality is used 
for irrigation, the calcium ions present in the water replace 
to some extent the sodium ions in the soil. This tends to 
improve soil structure by making it more granular or 
flocculent, as well as more friable. 

The silt content of the waters of the Colorado River 
las been greatly reduced by the construction of Boulder, 
Parker, and Imperial Dams. During the years 1911 
hrough I 934, before the construction of these dams, the 
·iver carried an average annual silt load of 179 920 000 
.ons at the Yuma sampling station. For the ye~rs i936 
hrough 1942, the average annual silt load of the river at 
:he same point was 13,100,000 tons. 

Silt problem.-Water entering the Boulder division at 
lee Ferry carries immense quantities of silt. The San 
fuan Ri\'er, largest of the southern tributaries of the 
upper basin, contributes about one-quarter of the silt 
pa.\~ing Grand Cany(ln, and the northernmost tributary 
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of the lower basin, the Little Colorado, accounts for 
about one-sixth more. ·From Lee Ferry to the upstream 
end of Lake Mead, the Colorado River, falling approxi
mately eight feet per mile, is continuously cutting its 
course, even through the hard rocks of the canyon. Silt 
originates not only from stream cutting in the channels of 
the .river and its important tributaries, but also from 
general erosion. The rate of land reduction through ero
sion in the Colorado River Basin is the highest of any 
stream ba~in in the United States~ 

Lake Mead receives the silty load of both the Colorado 
and the Virgin Rivers. Storage capacity in Lake Mead 
is being reduced an estimat!!d 137,000 acre-feet a year 
by the deposition of this silt. 

The clear water discharged from Lake Mead picks up 
and transports downstream a considerable amount of river 
bed material, progressively lowering the bed for the first 
88 miles. An estimated 100 million cubic yards had been 
removed by the end of 1943. From 194l'through 1943 
about 35 million cubic yards were deposited in the next 
32-mile stretch downstream. A large but unknown 
amount of material has, been carried beyond this stretch 
and deposited in Havasu Lake, the reservoir follll.ed by 
Parker Dam. For a long period prior to Boulder Dam the 
river deposited some of its silt load in these same sections, 
causing a rise in the water surface elevation averaging 

• annually about 0.35 feet in the vicinity of Needles and 
about 0.55 feet at the Topock gaging station. 

A similar condition of cutting out and redepositing has 
taken place below Parker Dam. Clear water leaving 
Parker Dam has scoured out boti:om material and lowered 
the river bed elevation for 93 miles downstream, and be
yond that point the river bed has been raised. 

By early 1944 the water surface at the diversion of the 
Palo Verde irrigation district had been lowered by river 
retrogression to such an extent that a full diversion into 
the district's canal became impractical. 

Between Imperial Dam and Laguna Dam little change 
in river conditions has taken place, but below Laguna 
Dam some 30 million cubic yards of material have been 
removed from the river banks and bed since January 
1940. All material passing the Imperial Dam sluiceway, 
as well as that from the Gila River, has been transported 
downstream. 

Controlling the silt load of the Colorado River and its 
tributaries to prevent damage is an important phase of 
water conservation for beneficial use. Silt control is 
especially desirable upstream from Lake Mead, where the 
Colorado River alone carries each year about 180 million 
tons of silt, which, when deposited, occupies a volume 
estimated at 110,000 arre·feet. Obviously, therefore, any 
plan of development must provide adequately for sedi
ment storage. The possibility of removing sediment de
posits by sluicing holds little prospect for success. 
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PRESENT DEVELOPMENT OF WATER RESOURCES 

G~neral.-Boulder Dam and Lake Mead,, with over 
32 million acre-feet of storage capacity, provtde the k~y 
to present and future development of water reso~rces m 
the divi.~ion. Water stored here is released as reqm.red for 
irrigation, for power development, and ~o~ domestic uses. 
The lake acts as a desilting basin, clanfymg the ~udd.y 
Colorado and making it fit for human consumptwn~ tt 
catches and to a great extent, subdues the floods whtch 
pour down ilie river channel; an? in addition it furnishes 
an unexcelled water playground m the desert. For com
plete development and regulation of the ri,·er, however, 
other datns should be built above Boulder. 

Davis Dam on the Colorado River 67 miles below ' . Boulder with its reservoir of 1,600,000 acre-feet capactty, 
will serve many purposes by reregulating the releases from 
Boulder Darn. Construction of this dam, temporarily 
halted by an order of theW ar Production Board, is sched
uled to be resumed in 1946. 

Below Davis Dam are four diversion dams: Parker, for 
the :Metropolitan Water Dktrict of Southern ~alifornia; 
Headgate Rock, for the Colorado River Indian Reserva
tion; Imperial, for the ·All-American Canal System and 
the 'Gila project; and Laguna, for the Yuma project. Al
though the latter three are primarily for diversion pur
poses, small amounts of power are generated at plants 
eilher at the dams or in the canals below. The Parker 
power plant i~ an important unit in the power network 
of the area. 

Prior to the construction of Boulder Dam, all irrigation 
from the river was dependent on natural stream flow; 
now, however, storage water is used to supplement nat
ural flow for most of the irrigated areas. 

Irrigation.-The Colorado Rivtr Indian irrigation 
project is the first major irrigation development down
stream from Boulder Dam. Irrigation has been practiced 
on this reservation since the seventies, first by gravity 
ditch diversions which later failed, then by pumping, and 
since June 1942 by diversion at the newly completed 
Headgate Rock Diversion D.un and ~fain C:1nal. Works 
are now completed to irrigate 9,400 acres. The system is 
designed ultimately to irrigate 1 00,000 acre.~. 

Palo Verde irrigation distrkt lands arc lurated along 
the Colorado River in California mainly in southeastern 
Riverside County but with a ~mo.tU area extending into 
Imperial County. Di.o;tribution works have now been 
constructed by the distrit:t to deliver watC'r to 75,000 acres. 
This di~trict in recent years has cxpnienccd dilliculty in 
diverting its required water because.of silt deposiL~ in the 
intake canal and the loweri11g of the river channd at the 
headgate by srouring. By 1943 the rhaund had lowered 
to such an extent that it was evident the di.~trict would not 
he able to maintain its gra,·ity diver.;ion, and <m appeal 
was made to the Burt·au o.f Reclamation for a."si~tance. 

THE COLORADO RIVER 

The Bureau wbsequently· constructed a temporary rock 
weir to raise the water surface to a sufficient height for 
diversion into the district's canal, pending a permanent 
solution of the problem. 

Prior to 1940, lands in the Imperial irrigation district 
were served by the Imperial Canal, which diverted water 
from the Colorado River below Yuma. A part of this 
canal Iooped into Mexico, which led to complications and 
made it highly desirable to have a canal located entirely 
within the United States. The All-American Canal sys
tem of the Bureau of Reclamation's Boulder Canyon proj- · 
ect answers this purpose. In 1943, there were 400,400 
acres irrigated in the Imperial irrigation district from the 
All-American Canal. The project is still under construc
tion and will irrigate ultimately lands in Imperial Valley, 
Coachella Valley, East and West ~Ie.~as, and Pilot Knob 
Mesa. The area now irrigated in Coachella Valley by 
ground water will be served supplemental water from the 
Colorado River. 

The Yuma project, located in Yuma County, Ariz., and 
Imperial County, Calif., was one of the first irrigation 
developments of the Bureau of Reclamation and its earli
est on the Colorado River. Construction was authorized 
in 1904, and the first water was delivered during the 1907 
season. Water is diverted at Laguna Dam for a portion 
of the California lands and from the All-American Canal 
at the Siphon Drop power plant for the remainder of the 
project. In 1943, 58,800 acres were irrigated including 
7,800 acres of Indian land, reported by the Office of In
dian Affairs as the ma.ximum development possible. 

The Gila project is located in the southwest corner of 
Arizona and borders on the east side of the Yuma project. 
As originally conceived, this project contemplated irriga
tion of 585,000 acres of land. Although considered as 
one development, the location of the lands suggests cer
tain groupings within the project itself. The;e are des
ignated as the Yuma ~[esa, South Gila Valley, North Gila 
V allev and Wellton-:Mohawk divisions. Construction of 
facili;i~ for the irri(l"ation of 150.000 acres in the Yuma 
1\foa, South Gila V~ley, and No~th Gila Valley di\·isions 
has been started. Imperial Dam. already completed, is 
the di\'crsion.dam for both the All-American Canal and 
the Gila Gravity Uain Canal. Water is now being deliv
ered to 1\'orth Gila Valley and to a small acreage of the 
Yuma. ~lcsa. Originally it was planned to dc\'clop 139,-
000 acres in the Yuma ~[esa. It now appears more 
dt~irable to limit the irrigated area to 70,000 acres thus 
permitting greater de\'clopment in the other three di\'i~ions 
where it is belic,·ed the water could be used to better ad
vantage. A new authorization will be required, howc\'er, 
for any dc\'dopmcnt in the \\'t:llton-~lohawk di\'isiou. 
The extent of ultimate dc\'dopmcnt in the Gil.1 project 
will depend upon the final allocation of water bt't\\ t'cn 
this project and the potential ccntr.u :\rizom project. 
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Il\iPERIAL DAM AND DESIL TING BASINS ON COLORA.DO RIVER 
Diversion structure for both All-Amer!can and Gila Alain Canals 

ALL-AMERICAN CANAL 
Carr.ies Colorado River water 90 miles to irrigate Cahfornia's Imperial Valley 
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. d d the Gila division or other possible de-dJ.Scusse un er .' 
vclopments within the State of .Anzona.. . 

About 1,200 and 500 acres are ir;~g~tcdd b~ gr:vtty 
di\·ersion from Big Sandy River and ~1r ;n h {~~r' re-
spectively. Both streams are tributanes o t e tams 

River. . . 
Some l,::.'JO acres near Las Vegas, Nev., are now rrn-

gated from ground water sourc~s. About 16~000 acres 
in Coachella Valley, 6,600 acres m the South Gila Valley, 
and 7 800 acres in the :Mohawk Municipal Water Conser
\atior: District near Roll, Ariz., are also irrigated from 
!!round water. The two areas last named may be fur
~i~hed a water supply under the Gila project. 

Municipal and industrial use.-The Colorado River 
aqueduct in southern California is the only large munic
ipal diversion out of the Boulder division. The aqueduct 
was con:>tructcd by the Metropolitan Water District of 
Southern California, composed at present of the cities of 
.\nahcim, Beverly Hills, Burbank, Compton, Fullerton, 
Glendale, Long Beach, Los Angeles, Pasadena, San Ma
rino, Santa Ana, Santa Monica, and Torrance and of the 
o,a.stal ·Municipal \\'ater District. The Metropolitan 
District's first objective in coru;tructing the Colorado River 
aqueduct was to supply Colorado River water for domes
tic, industrial, and other beneficial uses to the area within 
its boundaries, and to such additional surrounding areas as 
may later desire to join the district. Water is pumped 
from Havasu Lake and conveyed by the aqueduct to the 
southern California area. 

Because of the critical nature of the water situation at 
San Diego, Prf'Sident Roosevelt on November 29, 1944, 
directed that the Bureau of Reclamation complete plaru; 
and specificatioru; for an aqueduct to take 50 million gal
lons of water. per day from the Colorado River aqueduct 
of the Metropolitan Water District of Southern California 
and deliver it to San Vicente Reservoir of the San Diego 
water system. The President directed that the Bureau 
of Yards and Docks perform the necessary coru;truction. 
Contracts for construction of some parts of the aqueduct 
were awarded during the summer of 1945. 

Water is pumped from Lake 111ead and conveyed by 
pipe line to Henderson, Nev., for municipal and indus
trial use, mainly by Basic 11lagnesium, Inc., 

Drainage and overflow protection.--The cultivated 
.areas includt'd in the Colorado River Indian Reservation, 
Palo Verde Irrigation District, Yuma project, and Im
perial Irrigation District are protected by levees from river 
overflow. In these districts the lands next to the river are 
higher than those fanher removed and bordered by table 
lands. Seepage from canals and storm run-off from these 
higher lands cause draiuage problems on the lower lands. 
As yet the canal seepage from higher lanJs has not been 
serious, but some protective measurrs have been taken. 
All four areas are drpen<knt on artificial drains to rt·mo\·e 
exre~~ water. 
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In recent years it has been difficult to maintain a satis
factory discharge from the drain-ditch system in the lower 
part of the Palo Verde Valley. 

Drainage conditions on the upper Colorado River In
dian Reservation and the Yuma project have been bene
fited by retrogression of the river channel opposite the 
lands. 

Water drained from California lands of the Yuma proj
ect is pumped over the levee to the river when the river is 
high; water drained from Arizona lands of the project is. 
pumped over the levee into :Mexico. 

Some of the levees and drains protecting lands in the 
division are: 

TABLE XCII.-Levees and drains in the Boulder division 

I
' d~~n°s I t:~~~fr'a~~~d I 

(miles) wtilesJ 
-------- ____ I 

c~i~:-~~ -~~~~r- ~~~~~ ~~~e~~·~~ .I 35 ! -.. ---- --.I 
Imperi,al irr~ga.tio~ dist~ict: ____ .: 1 1, 238 1 546 1 
Palo \ erde tmgatlon dtstrlct- ... , 80 1--.-------

1 Yuma project. ________________ 
1

1 87 f----------1 
\ I 

UV<'f'S 
(miles) 

2 

1 Maintained by tbe district. Len@'lb of open drains in pri~ate ownership not 
availubll'. 

I Levees are in Melito. 

Power.-Power production in the Boulder division is 
of utmost importance to the lower basin and to southern 
California. It is here that the waters of the Colorado 
River are utilized to generate the tremendous electric 
energy output of the Boulder and Parker Dam power 
plants. 

Thirteen traru;mii'-Sion lines extend from Boulder Dam 
power plant to power market areas in Arizona, Nevada, 
and southern California. The two largest electric utilities 
in southern California, the Southern California Edison 
Co., Ltd., and the City of Los Angeles Department of 
Water and Power, obtained 25 and 78 percent, respec
tively, of their total energy from this one source in 194:3. 
Average firm power production at the Boulder power 
plant is about 4.5 billion kilowatt-hours annually, but 
during 1944 about 6 billion kilowatt-hours were gen-
erated. . 

The Parker Dam power plant is connected to the Boul
der Dam power plant by tran:;mis.~ion facilities which 
permit an interchange of dectric energy, thereby con
serving water. During the f1Scal year 19H the Parker 
Dam • plant generated 781,642,000 kilowatt-hours. 
Transmission lines run from the Parker Dam plant to 
load centers in Arizona, to the Metropolitan Water Dis
trict pumping planL", and to the All-American Canal 
power plants in California. 

Other liydrodectric plants in the area include those on 
the All-American Canal, which, although comparath·cly 
small, are very imponant because of their location near 
the power market. Some plants on the canal are not yet 
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installed hut are authorized and co~sidered as present 
developments. 

Power facilities in the area have been taxed to capacity, 
and the demand shows a definite need for additional gen
erating and transmission facilities. The Davis Dam 
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power plant, when constructed, will help to alleviate 
power shortages in the area. 

Summary.-Important dams, irrigated acreages, and 
net effective stream depletion are summarized in the 
following tables: 

TABLE XCIII.-lmportant dams irl the Boulder division 

I
' lth'l'r •i:' Purpose Capacity of reser-voir (acre-feet) 

~---~-·-·-

HtH!hlpr ___ .. ______ .... __ -I Colorado •..•.. _ ........ I Riv!'r regulation, irrigation, power......................... 32, 359, 000 

Xomcofdam 

Dt~,·is '· •••..•.....•... _., ..... do .............. ---1- .... do ............................ ------- •••••••••.•.•• , 1, 940,000 
Parker .................. -1-----do ................. Riyer ~egul~tion 1 irrigation, municipal diversion, power....... 716,600 

i~~i~:~:~ ~~~~~==~::::::: :j:::::i~:::: ::::::::::::: H~!:!!~~ ~~~E~~~~~~~~~~~-~-~:::::::::::: ::::::::::::::: ~~ ~~; ~ ~~:~~~ 
1 Juthorizrd. 

TABLE XCIV.-Jrrigated and irrigable area under present developments ( 1943) 

Area Irrigatt0 :acres) 

Colorado Hiver Indian ResE>rvation .............. -----------------------------· 5, 000 95,000 100,000 
Palo Verde irri!(ation distriet .. ------------ ______ ------------ ----····---- __ ~ .. 38,000 37,000 75,000 
All-American Canal: 

Imperial irrigation district. ........ --------------------------------------- 400,400 122,600 523,000 
East Mesa •••..• ----------------------------------------------------------------- 1 40,000 40,000 
West 1\lesa .................................. -------------------.... .............. I 50,000 50,000 
Pilot Knob Mesa_ ••• __ .................... _ •• __ ._. __ ............ _ •• ----------- ___ 115, 000 15, 000 

Ymn~o;~~!~~-~~~~~ ~~==:::::: ::: ~ ~~::: ::: ~= ::~:: :::::::::::::::::::::::: ~== s ~~: ggg 6~; ~gg ~~; ~ijg 
liila project: · 

Yuma ~fesa ............................... --------------------------... 100 69, 900 70,000 

~·J,!~~~Hf~~:.: .:::-H m=:m:- ~ -~ ~ ~~= ~ · · ~~-= :~~ ~~ =: ·:- ~- ~=: ~: ~~--~-5-:-!-: !-!-!_,_:_: =~~-:~_: ;-;-:-~ ~-~-~ :1--.-1-. -04-l-. ~-·~-: 
' Ba.'wd on inoompl•te land cla._<sillcat!on. 
t :\ow irrurated from ground water. 
1 The 416,400 aer•s of Irrigated and 200,600 acres of lrrigable land under the AD· 

Amerit'&ll Canal e.re outside the natural Colorado River Basin. Excludin~ tb•"• 
lands Boulder division totals would be: Irrigated 123,000 acres; lrr!gable 212,400 acres; 
total 336,000 acres. 

TABLE XCV.-Areas irrigated in the Boulder division by States (1943) 

5, 000 
0 
0 
0 

52,300 
4, 500 
6, 600 
7, 800 
l, 700 

0 

77, 900 

I OutSide the natur!ll Colorado River Do.•ln. 

California 
(llCres) 

0 
38,000 

I 400,400 
16,000 
6, 500 

0 
0 
0 
0 
0 

41\0,900 

Nevada (acres) Total (acres) 

0 5, 000 
0 as, uoo 
0 I 400,400 
0 I 16,000 
0 l.i8, ~00 
0 4, 500 
0 6, t\00 
0 7, 800 
0 1, 700 

1, 200 1, 2UO 

1, 200 540,000 
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TABLE XCVI.-Estimated present average annual stream depletions in the Boulder Division 

Str~am " 
I 

Colorado River ••.•.•••• -- .••••. ----- •..•. --.----. _______ 
'\Yilliams IUver ••••• _. ~ -~-- •••....••• - •• _. ____ . -- .• _. ___ • _ 

Total •• ---·--------- ••• ---------- ••. --- .•••••••••• --

.. 
• Includes axporta!lon of 2,500,000 acre-feet to the Salton Sea drain!l!!c area by the 

AIJ..Aweriean Canal and 35,()(1() acre-feot to .Metropulitan Water l>illtnct of Southern 

PotENTIAL DEVELOPMENT OF WATER REsouRCES 

The Boulder division is naturally divided by physical 
characteristics into two general regions. Above Boulder 
Dam the deep canyons and rapid fall of the Colorado 
River are ideal for power developments, while below 
Boulder the region is more susceptible of irrigation and it 
is there where most of the additional irrigation projects 
probably will be located. 

.Marble Can)'on-Kanab Creek project.-The Colorado 
River drops approximately 1,260 feet in the 150 miles be
tween Glen Canyon Dam site in the upper basin and 
the estimated normal water surface of the potential Bridge 
Canyon Reservoir. Approximately 100 miles of the river 
and 950 feet of the drop are within the boundary of the 
Grand Canyon National Park. To develop fully the 
power possibilities of the Colorado River and yet avoid 
the construction of dams or other works in the Grand 
Canyon National Park, Colorado River waters not needed 
to maintain a steady stream for scenic purposes in the 
park could be dh·crted through a tunnel 44.8 miles long 
to a power plant near the mouth of Kanab Creek. With 
an installed capacity of 1,250,000 kilowatts this Kanab 
Creek power plant operating under an average head of 
about 1,100 feet could produce 6.5 billion kilowatt-hours 
of firm energy annually. A 300-foot dam constructed at 
the :Marble Canyon site would divert water to the tunnel 
:md form a reservoir of 500,000 acre-feet capacity extend
mg upstream to the potential Glen Canyon Dam. Water 
released from the dam in 1\larble Canyon for scenic pur· 
poses in the park would pass through a 22,000-kilowatt 
power plant at the dam under an average heaJ of 275 feet. 
This plant'would be capable of producing 164 000 000 
kilowatt-hours of firm energy annually. ' ' 

Coconino projat.-Constmction of a dam at the 
~oconino site on the Little Colorado River would provide 
stlt aw.l flood control. This construction woulJ reduce 
the am~unt of silt entering the potential Bridge Canyon 
Rest·:vo•r by an C!ltimated 18,000 acre-feet annually. Re· 
ductJon of flood peaks on the Colorado River main stem 
would also rL"Sult. The height of the dam would be 260 
fce.t above Lcdrork and the reservoir rapacity would be 
1 ,()00,000 acre-feet. 

Irrigation, Industrial, municlpnl uses 
IWSi'rvoir losses Total depletions 

Ariwna California Nevada (acre-feet) (lU!fC·(eet) 

(llCre·feet) (acre·leet) (acre-feet) 

205,000 I 2, 680,000 2 20,000 713,000 3, 618, 000 
3,400 0 0 0 3,400 

208,400 I 2, 680,000 s 20,000 713,000 3, 621, 400 

Calll?tnia by tbe Colorado River aqueduct for IDWiicipal purposes exports tb 
totalmg 2.5.'15,000 acre-fe('t., • us 

' Di reroi<Jn tor industrial use by Basic Magnesium, Inc. 

Bridge Can)'on project.-A dam at the Bridge Canyon 
site on the Colorado River at the head of Lake Mead 
would serve both power and irrigation purposes. This 
dam would have a height above bedrock of 7 40 feet and 
would form a reservoir with a capacity of 3,720,000 acre
feet. The Colorado River falls about 670 feet between 
the western portion of the Grand Canyon National Park 
and this dam site. Practically all of this fall could be 
utilized to produce power in a power plant at the dam 
with a total installed capacity of 650,000 kilowatts. The 
power plant would be operated in coordination with all 
other Government-owned plants on the Colorado River 
to .make possible greater production of firm energy. The 
Bndge Canyon Dam could also serve as an irrigation di
version structure for the Central Arizona project, dis
cussed in this report under potential development in the 
Gila division. 

With construction of this dam it would be possible to 
reduce storage space reserved in Lake .Mead for flood 
control, thus increasing the a\·erage available power head 
for the Boulder Dam power plant. 

Other benefits accruing as a result of the construction 
of this project would include in1proved regulation of 
stream flow and development of a scenic region between 
Grand Canyon National Park and the Boulder DamNa
tional Recreation area. 

Virgin Bay pumping projut.-This project would 
make po.."!!ible the irrigation of 2,800 acres of new land 
along a 6-mile stretch at the eastern edge of the \'irgin 
River arm of Lake 1\fead by pumping from the lake. An 
average lift of 200 feet would irrigate 1,600 acres of the 
area, and an average lift of 360 feet would serve the re
maining 1,200 acres. Two main lateral canals totaling 
some 20 miles in length, including 1.5 miles of tunnel, and 
1.5 miles of pump penstock would be required. 

Las l'egas pumping project.-\\'atcr for this project, 
which embraces an area of 20,000 acres of new land sur
rounding the city of Las Vegas, would be pumped from 
Lake 1\lcad with a ma.ximum total lift of some 900 feet to 
irrigate 15,000 acres, and through another lift of about 
275 feet to serve an additional 5,000 acrt>S. Some ~·l 
miles of lined, open main canal, 6.5 miles of tunnel, 1 
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A SITE IS FOUND 
Reclamation engineers and geologists locate suitable dam sites 

A DAM IS PLANNED 
Potential Bridge Canyon Dam as envisaged by Redamalion projed planners 

iiiH[, l;• - - dR--1') 
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mile of siphon, and 3 pumping plants ~ould b; required. 
Practically all project lands would reqmre dramag~. 

The present draft on the ground water supply m the 
Las Vegas Valley is believed to about equal the natural 
recharge of the underground reservoir. ~opulat.ion e~
pansion and incrcas~d needs for future mdt.fstne~ will 
require supplemental water from Lake Mead. Thts L~s 
Vegas pumping project could be enlarged to serve addi
tional needs, or an independent development for an in· 
dustrial and domestic water supply may prove desirable. 

. Domestic and industrial needs together with steadily 
growing recreational uses ultimately may require 100,000 
acre-feet of water annually. · 

Davis Reservoir pumping project.-An area of 2,000 
acres of new land 20 miles above Davis Darn site on the 
~cvada side of Davis Reservoir would be irrigated by 
pumping from the reservoir. One pump would lift the 
water an average of 180 feet to irrigate 400 acres, and a 
second pump lift of 200 feet would serve the other 1,600 
acres in the project. .A total of some 8,000 feet of pressure 
pipe and sc\'eral miles of main laterals would be required. 

Bit; Bend pumping fJroject.-An area of 3,700 acres of 
tJtw land extending from one mile below DaYis Dam 6 
miles downstream on the Nevada side of the Colorado 
RiYer would be irrigated by pumping from the river into 
two main lateral:,, each about 6 miles long. Two pump· 
ing lifts would be required, one of 250 feet to serve 2,000 
acres and another of 500"fect to reach the remaining 1,700 
acres. 

Fort Mojai'e project.·-About 5,100 acres of new land 
located in the southern tip of Nevada would be served 
under this project by pumping from the Colorado River. 
An area of 2,600 acres of bottom lands, including 1,630 
acres of Indian lands in the Fort 11ojave Reservation, 
could be reached with a 30-foot lift, and a total of 2,500 
acres of slope lands could be served by fi\'e successive 100-
foot lifts serving 500 acres each. 

Mojave Valley Jnojut.-Lands situated on the Arizona 
side of the Colorado River about 8 miles upstream from 
Needles, Calif., would be included in this project. By 
pumping from the river, 10,000 acres of mesa and bench 
lands could be irrigated. A pumping plant located near 
near Fort MojaVe, Ariz., would l.ift the water 215 feet to 
a main ranal extending east and south for a di~tance of 
7 miles. 

Alamo fJroject.-Floods on Williams Ri\'er menace 
principally lands along the Colorado Ri\'er bdow Parker 
Dam. Havasu Lake, formed by Parker Dam, ran control 
floods originating in the watershed area of the Colorado 
River between Davis Dam ~ite and Parkrr Dam, but only 
at the . expense of serious lu~s of potential mrrgY 
production. · 

To remedy this situation would require construction of 
a flood-control dam at the Alamo site on Williams River. 
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The darn would have a height above bed rock of 270 feet, 
and the nominal reservoir capacity at the spillway cre5t 
would be 946,000 acre-feet. The dam would be so con
structed that it could be modified eventually for use in 
conserving water and generating power. Erratic stream 
flows, however, would make considerable hold-over stor
age imperative, and resultant high evaporation losses pre
clude the irrigation of any considerable areas of land. 

Palo Verde Mesa project.-Near Blythe, Calif., 16,000 
acres of mesa lands would be served by enlarging 13 miles · 
of the Blythe Canal and pumping with a lift of 165 feet 
to a new 20-mile main canal on the mesa. 

Chuckawalla project.-The Chuckawalla project in 
California is in a large inland basin with no surface drain
age outlet. To provide surface drainage would require 
a channel about 16 miles long with a maximum cut of 115 
feet. Water to inigate lands in this basin could be 
pumped about 210 feet from the Palo Verde irrigation 
district canal to a main canal about 40 miles long. Soils 
of the valley are largely coarse, granitic alluvial outwash 
from the surrounding mountains, and large sections of the 
land are covered with surface rock or cut by drainage 
courses. Some land near the lower elevations of the val
ley is suitable for agriculture if drained properly. Under 
priorities to Colorado River water presently assigned by 
the State of California, a water supply for the Chucka
walla Valley appears to be remote. The potentialities 
of the valley must be recognized in future pla1ming; but 
because of the uncertainty of water supply, these poten
tialities are not shown in the summary tables. 

Wellton-A! ohawk division of Gila project.-As pre\i
ously stated, it now appears desirable to limit development 
of the Yuma Mesa division of the Gila project and utilize 
the same water for more advantageous developments else
where. One such possibility is the Wellton-~Iohawk di
\'ision of the Gila project. Seventy thousand acres of new 
land could be served. In addition 7,800 acres now irri
gated by pumping ground water could bdurnished a sup
plemental supply. Water would be diverted from the 
existing Gila gravity main canal on the south side of 
Gila River and conveyed by canal to a pump where it 
would be raised to project lands, all of which are bdow 
the 342-foot contour. A siphon would be constructed to 

convey the pumped water to project b.nds on the north 
1-ide of the Gila River. 

San Diego J!roject.-The exportation of 112,000 acre
feet of water annually from the Colorado River to the San 
Diego area is contemplated for this project. Under one 
plan water would he diverted at Imperial Dam and car· 
ricd in the All-American Canal to the west side of the 
I mpcrial \'alley, thence by pumping, canals, siphons, anJ 
tunnels through and aero~ the Peninsula Range of Cali
fornia into the s,m Dieg-o River where it would be cap· 
turf'd in San Diego City'~ E1 Capitan Rrserv'oir. Existing 
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~nain and lateral pipe lines would transport the water to 
points of municipal use. 

Choice of the aqueduct route which was surveyed by 
the Bureau of Reclamation from the Colorado River aque· 
duct of the Metropolitan Water District of Southern Cali
fornia to the San \'icente Reservoir of the San Diego 
water system was based on its adaptability to emergency 
construction. An aqueduct could be built here to relieve 
the critical water situation at San Diego in much shorter 
time than could one from tlle All-American Canal. This 
emergency construction, however, does not eliminate the 
possibility of a future connection with the All-American 
Canal. Whether such a connection ultimately will be 
made will depend on economic and other considerations 
which take into account the delivery of water over a long 
period of time. 

Sentinel or Painted Rock project.-A dam constructed 
at or near the Sentinel site on the Gila River below the 
Gillespie Diversion Dam to form a reservoir with a capac
ity of about 3,000,000 acre-feet would provide control of 
devastating floods in the lower Gila River and protect 
downstream developments on that river and on the Colo
rado River below the entry of the Gila. Because the 
dependable water supply at this potential reservoir is 
uncertain, its use for irrigation is, for the present, dis
counted. Irrigation possibilities should be appraised 
later, following future upstream developments and after 
the regimen of the stream has become stabilized. 

The United States Engineer Office of the War Depart
ment has made a field survey and examination for a dam 
at Painted Rock, about 15 miles above the Sentinel Dam 
site, and is of the opinion that the site at Painted Rock is 
more suitable than the one at Sentinel. Full considera
tion should be given, therefore, to the Painted Rock site 
in connection with a project in this general locality. 

lit 

River rectification and control.-In the preceding text 
under the h('ading "Silt Problem," reference was made to· 
changing conditions in the Colorado River channel both 
before and after the building of Boulder D~m. Three 
existing examples of river control construction intended to 
cope with the vagaries of the river can be cited: First, 
levee construction near Yuma, undertaken seyeral years 
ago for general flood protection; second, present dyking 
and other construction at Needles where aggradation of 
the river channel has caused flooding and bank cutting; 
and third, construction of a temporary diversion weir at 
the headworks of the Palo Verde irrigation district canal 
where degradation of the river channel, although improv
ing land drainage, has impaired the functioning of the 
existing headworks. 

These three examples are typical of construction to 
meet the conditions of the present. Conditions along the 
river are continually undergoing change at this instant but 
there are no problems in a critical state other than those 
mentioned. Notwithstanding, steps for river regulation 
and prevention of damage are immediately necessary. 
The Bureau of Reclamation is now preparing plans for 
river control involving strengthening of the Yuma levees, 
continuing construction of emergency measures at Needles 
and at the Palo Verde canal intake, and maintaining all 
constructed works. Dredging of the channel near 
Needles should be started. The Bureau should plan to 
forestall future damage where that is possible, and be pre
pared to take remedial measures where the need ari~es. 

Summary 

Potential de\'elopment in the Boulder division is sum
marized in the following tables: 

TABLE XCVII.-Potential projects in the Boulder division 

rro}e~t Loootlon or project Souree or wa~r supply 

~llubl~ Canyon-Kanab Creek ••.•.• Arizona •••.•.•.•••••••. Colorado River •.•••.•.••••.... 

f,ri~~g~r;~~;~~=========~===: ===== = = ===~~====== :::::::::: ~ ~~l~~a~~l:Ri~~~~~,~c~:=====·.::: 
I lrgJV ay pum1!ing •••••••.•.•... Nevada •••...•.•••••••• Lake Mead ••••••••••••••••••• Das. er;,as pu~prng ••••..••.•••.•.•••.• do •••.••.•.•••.••••••••• do ••••••••••••••••••••••. 
B~vB dservmr. pumping •.. - .•..•..••••• do •• ~ •••.•• _....... Davis Reservoir ••••••••••••••. 

~~~:~~re=~ ~~== == = = =~ ~; ~ ~ ~ i~;t~= ~ = ~ = ~~ =~-~~==~ ~ = :~~; :.i:=~=~~ ~ = ~ ~ == :~ ~ = = 
Wellton-Moha~:k·- ·••· ·- ·· ---·-·· Ca.hfomra .............. Colorado RI\er •••••••.••..•.•. 

~ntin~L ••....• ::::::::::::::::: _ ~~~~rir;;.~::::::: :::::::: -(iiiat>i;~~:::::::: :::::::::::: 
r\'er tPctificntion and controL •.••• California, Arizona .••••• Colorado Rivrr .•••.••••••••.•. 

Purpose to be 
oorved• 

P,F,S, H 
F,S, II 

P, I, F, S, H 
I 

I, l\l 
I 
I 
I 
I 

F,P,H 
I 
I 

F,H 
F 

F.stimnt('d con. 
structlon costs 

$382, 000, 000 
4, 000,000 

146, 500, 000 
1, 300,000 
8, 400,000 

500,000 
700,000 
800,000 

1, 900,000 
3, 200,000 
3, 100,000 

10, ooo.ooo 
15, 000,000 
5, 000,000 

Totak •..•..•••• __ •.•••• _ .• _. _ .••.••..••.. _ ....••••••••••••••... _ .••.••••.....• _ •.•••.••• ___ •• •• 583, 000, 000 

h '1R1:·mboJs U.~ti·l=.trri~ali\)n, ~-po"'Pt; F•Oood control; S-stlt rrt..,ntion, li• 
0 r owt Horal!.(' for tiYI'r n•gulatton. 1 Prellminarr •<limates ba.«"d on construction costs ol J1111. I, 1910. 

't' 



172 
THE COLORADO RIVER 

TABLE XCVIII.-Potential reservoirs in the Boulder division 

Nomo ol site' Source of water suvply Project !l!'rvrd r1 irr·ctly Total capacity 
(ar,re-feet) 

1\lal'ble Canyon •.. __________ •. Colorado Itiver ..••••.•••• -------.... Marble Canyon-Kanab .Crr>eL. _ ----------
Cocouiuo .•••..•.. ____ ..• _ _ ___ Little Colorado River.---------- .• --- Brirlge Canyon .•••... __ •.. ___ . _______ ... 

500,000 
1, 600,000 
3, 720,000 

946,000 
3, 000,000 

Bri<lw.' Canyon............... Colorado River •••••••.•. ----- •• ---- ..•.•• do .... --- ••. __ .....• _ .... _________ . 
Alamo •.•.•.. _______________ • Williams River .•. _______ ••.. _------. Alamo .•• _____ .. _____ .• _______________ _ 
S('nt.ineL .•••• _. ----: .•• _____ Gila lliver •.. -- ------------ .• :.----. SentineL-- - .. _. __ . _ -- _ .. __ _ 

1-----
TotaL._._._._. ________ • _ ••• _ •••• ______ •• _____ • _ ••• _. _____ .

1
• _ •• _________ .. ____ ••. _ ..• _ .. ___ . __ . __ . _ i 9, 766, 000 

• All iu Arit.oua. 

TABLE XCIX.-Potential irrigation development in the 
Boulder division 

An•a to he hcn~fttNl (acres) 

Projc('t' ~tate 
Furnished 

Now land ~~Trft~~- Total 
watt•r 

Virg[il-Day pumphig.~-_:-::: -Nevada... 2, 800 ---0 2, 800 
Las \'e!\ll.S pumping •••••••.... do •••• 20,000 0 20,000 
Davis Hflservoir pump-

ing ________________ ....... do.... 2, 000 0 2, 000 
Big Bend pumping _______ ..... do.... 3, 700 0 3, 700 
~·ort Mojave ___________ •••.. do____ 5,100 0 5,100 
~Iojave Vail('y __________ Arizona •.• 10,000 0 10,000 
Palo Verde ~[e8a ________ California. 16, 000 0 16, 000 
Wellton-Mohawk divi-

8ion of Gila project.. .• Arizona .• _ 70, 000 7, 800 77, ROO 

TotaL •••••..... ___________ 129, 600 7, 800137,400 

' All projects are in natural draiuage ba.i11 or the Colorado River. 

TABLE C.-Potential irrigation developments in the Boulder 
division by States 

ArPa to be bMJefited (acre.s) 

~lair r'urnishPd 
New land supplemental Tot3l area 

watt~r 

-----·----
Arizona .•. ___ . _____ 80,000 7, 800 87,800 
California._. _______ 16, 000 0 16, 000 
Nevada •••••• ______ 33,600 0 33,600 

TotaL .. _____ 129, 600 7, 800 137,400 

TABLE CI.-Potential power development in the Boulder division 

Project I NamP ol power plant Installed rnp~l'ity Annual flrm genera-
(kilowatts) lion (kilowatt -hc•u~) 

Marble Canyon-Kanab Creek._ •••• {Marble Canyon •• __ .• -----_--- Colorado •••• ___ •• ____ --, 22, 000 Hit, 000, 000 

Bdd" :;~~~:::: ::::::::::::::: -~~~~ -~=~:::::: :::::::: :_: ::::: ~:=::::::::::::: ]-. -:-:-:-:-: -:-:-~--~-:-: -::-:-: :-:-:-: :-:-: 
1 A II In Arizona. 

TABLE CU.-Present aud potential stream deplt!tions, 
Boulder divi.1ion 

Estlmatt>~l &\"l'rngc annual dcrl~tlon (arre·fet't) 

Staw Hlver 
Existing or aut borlzud 

pro)t·t•ts 

---·--- Pnt<•nlilll Total nltimat~ 

l'rrqt•nt •·urure 
pwjt'l'IS llt•t>h•Uon 

llt•plt•tluu lnc!l'll.'«' 
-·----------------- ----- .. _____ 
Atitona: 

Colorado River. 205,000 571,000 34tl, 000 I, 122, 000 
Willialnd IUvnr _ 3, 400 () 0 a, 4oo 

-
Subtof11L •.•• 

Califuruia: 
208, 400 li71, 000 346,000 I, 125,400 

ColortLdu ltivnr. 2, 680, 000 2, !Hfl, 000 176, 000 I [,, 80:2, 00() 
Nevndn: . I 

Co!~,rado Rlv~r _ 20, 000 0 177, ono 1!17, 000 
Rescrvo1r loR~<>s_____ 71:1,000 !Hl, 000 \11,000 !iiO, 000 ___ ,_, ___ 
• TotliL ..•••. 

1

a, !i21, 400l3, r.sa, ooo --------
790, ()()() 7, 9ll4, 400 

I 
liiWill1k!t f'XIIHrL of 

I 

Gila Division 

The Gila division, consisting of the area drained by the 
Gila River above Sentinel and adjacent small independent 
drainage areas, embraces 53,000 square miles, 4 7,380 of 
which are in south and central Arizona, and 5,620 in 
western New Mexico. 

WATER 1\F.SOl'RCES 

Surface u•at,•r.-The flow· of the Gila Ri,·er under 
\'irgin conditions is estimated at C752,000 acre-feet an
nually at Gillespie Dam and 1,270,000 acre-feet at D0me, 
Ariz., near its mouth. Recorded stream flows in the Gila 
di\'ision arc shown in table CUI. 

Stre:uns within th~~,,Cila DJ.Sin attain their maximum 
flows Juring late winter and early spring when mountain 
snows are melting. Precipitatil;ll on the watershed falls 
mainly in lntc winter and late ~unmH·r, the intcr\'ening 
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TABLE CIII.-A~·erage annual stream flows in the Gila 
division 

A Vlll"8j!ll 811nualllow 
(a.-ft.) 

Station 
Period of 
trolfd 

Forp;viod For 11131-(0 
of record J)llriod 

San Francisco River near Glenwood, 
51,800 50,000 N. 1\fe:t .•• -------------------- 1929-43 

San Francisco River at Clifton, Ariz. 1914-43 172,000 123,000 
Gila River near Gila, N. Me:>~ •••••• 1929-43 103,000 93,400 
Gila River nt>ar Red Roek, N. Mex. 191Q-43 140,000 127,000 
Gila River below Blue Creek near 

Virden, N. 1\Iex .• -------------- 1928--43 137, 000 126,000 
Gila River near Clifton, Ariz _______ 1913--43192, 000 112,000 
Gila River near Solomonsville, Ariz.'. 1915-431302, 000 271,000 
Gila River at Calva, Ariz __________ 1929-43,246, 000 209,000 
Gila River below Coolidge Dam, 

1914-43,328,000 214,000 Ariz. a. ________ ----.--.--------
Gila River at Kelvin, Ariz.*-------- 1911-43,444, 000 299,000 
Gila River below Gillespie Dam, 

1922-431302, 000 149,000 Ariz_._----- ___ .--- __ ----- ____ 
Gila River near Dome. Ariz ________ 193Q-43 84, 600 57,900 
San Carlos River near Peridot, Ariz. 1929-43 45, 800 38,300 
San Pedro River at Charleston, Ariz. 1913-43 50,700 45,900 
Santa Cruz River near Nogales, 

Ariz._. __ ._ •• __ .-------------- 193Q-43 15,400 16,900 
Santa Cruz River at Tucson, Ariz •• 1912-43 15,800 15,000 
Salt River near Chrysotile, Ariz .••• 1924-43 493,000 479,000 
Salt River near Roosevelt, Ariz ____ 1914-43 721, 000 584,000 
Salt River at Granite Reef Dam, 

Ariz_. ___ ••••••••••.• _---- ____ 
i9ii2.:4ii ·91:soo 

1, 060,000 
Tonto Creek near Roosevelt, Ariz ••. 85,000 
Verde River near Pine, Ariz ••••••• 1935-39 425,000 381,000 
Verde River above Camp Creek, 

Ariz._ •• _ .. ----- ___ ----- _____ • 1925-43 433,000 417,000 
Agua Fria River above Lake Pleas-

ant, AriZ-----·---------------- 1933--43 55,300 53,500 
Hassayampa River at Box Canyon 

dam site, Ariz .•••.••••••••••••• 41,400 

I Includes Brown Canal diversions. 
I Flow rtgulated by Coolidge D&.m b!'ginnlng 1929. 
1 Regulated t.rter 1928. 

seasons being almost devoid of rainfall. During these dry 
months flows of the rivers are usually small, but they in
crease enormously after a big storm or when sudden wann 
temperatures rapidly melt the mountain snow. About 45 
percent of the annual run-off of the Gila River occurs 
during February, March, and April. Storage is impera
tive for efficient utilization of the available water. Nu
merous reservqirs already store the waters of the Gila River 
and its tributaries, which are almost completely utilized 
by existing irrigation projects. In fact, during protracted 
dry years the water available within the basin is inade
quate to meet the demand. The Gila Basin, therefore, 
must look to other basins for an additional supply of 
surface water. 

Ground water.-There is no law in Arizona regulating 
the development of percolating ground waters. In the 
absence of legal protection, development of ground water 
resources for any purpoM! would be hazardous, and this 
factor should be recognized in planning future devclop
mcnl.!l. 

Considerable portions of the broad basins of southwest-
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em Arizona are underlain with uncemented valley-fill 
material, generally several hundred feet deep. This por
ous material absorbs much of the flow of streams as they 
enter the valley areas, thus creating great underground 
reservoirs. Irrigation seepage contributes substantial re
charge to the reservoirs, but the scanty precipitation on 
valley lands adds little to the ground water supply. 

Urge quantities of water for irrigation and domestic 
use are obtained from ground water. Artesian wells of 
importance have been drilled in the upper Gila Valley, 
and small artesian flows have been encountered in the up
per San Pedro and Santa Cruz Valleys. Yields of indi
vidual wells within the division range in discharge from 
.5 to 2,250 gallons a minute. 

Small to moderate-sized springs are scattered through 
the watershed area. Only a small amount of land is irri- .... 
gated directly from springs, but springs contribute a sub
stantial amount of water to the perennial flows of the 
larger riv_ers. Spring water is particularly valuable in the 
semiarid outlying ranges, where creeks used for watering 
livestock are dry during large parts of the year. 

With few exceptions, gr6und water· within the basin 
has been developed beyond its economic limit, and in all 
but a few areas, ground-water withdrawals exceed 
replenishments. 

Arizona lacks comprehensive legislation regulating the 
use of ground water, but the State Water Code provides 
that "water flowing in definite underground channels" 
is subject to appropriation. Since it is difficult to prove 
that such water does flow in a definite channel, little reg
ulation of ground water exists in the State. In New 
Mexico the State Engineer can declare any area with 
underground water, the boundaries of which can be rea
sonably detennined, to be an underground water basin. 
Underground water within the area must then be appro
priated in much the same manner as that of surface 
streams. Present water users are thus protected, and 
expansion is permitted only where supplies are more than 
adequate for existing developments. 

Quality of water.-8urface waters of Gila River and 
its tributaries carry considerable quantities of dissolved 
solids, chiefly sodium chloride and the sulphates and bi
carbonates of sodium, calcium, and magnesium; however, 
the percentage of sodium is reasonably low. Low flows of 
the Gila River at Gillespie Dam in the lower part of the 
division carry over 6,000 parts per million total dissolved 
solids, while flood flows carry as little as 300 parts per 
million. 

The quality of the ground water obtained from artesian 
wells and springs varies with location. Some waters have 
less than 100 parts per million di~olved salts, while others 
range as high as 5,000 parts per million. The total hard
ness of these waters, expressed as calcium carbonate, 
ranges from less than 5 to over 700 parts per million. 
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Ground water~ of unsuitable quality for either irrigation 
or domestic use arc found in wells in the upper Gila Valley, 
lower Salt River Valley, and in the Casa Grande and 
Coolidg;c districts. Ground waters of the di\'isiun arc 
generally unsuitable for industrial u~c. 

PRESENT Dn·noP:'>IENT OF WATER REsorRCEs 

Some of the surface watrr in the ~mailer tributaries and 
much of the ground water in the basin contain fluorides 
in ~uch hi~h quantities that it is quite often diflirult to 
ohtain a ~ati.,factory dom~t ir water supply. 

Gt'naal 

The surf.trc and ground-watn supplies of the GiLl 
divi.~iun are thr basis for prartirally all its agricultural 
dcvclopmrnt, and stream flow, throu~h the gmeration 
of hydroelectric l'llt'l'g)', makes p'l..".sibk many of the 
area's indu~tries. Surface watns, with the exception of 
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PUMPING GROUND WATER 
O r·erdraft of underground supplies in Ari.::ona is serious threat to agriculture. Thousands of acres may be abandoned 

unless more irrigation water is supplied 
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few small tributary flows, are almost completely. uti
l~zed by lands !;lOW under irrigation; and an estimated 
1,600,000 acre-feet ~f ground water is pumped annu~ly 
for irrigation and domestic use. Ground-wate;r pumpmg 
greatly increases during dry years when re~ervoirs.~r~ low, 
throwin"' a .tremendous strain on generatmg fac1hties al
ready c;rtailed by low water conditions. The output of 
power plants in the division has been augmented recently 
by energy from Parker Dam on the Colora.d? Rive~. 

Rivers of the area transport large quantltJes of s1lt each 
year. Although river flows in dry weather are fairly 
dear, a load of sand constantly is being moved along the 
river bed even during the lowest river stages. High dis
charges, resulting from torrential rains and rapid run-off, 
carry in suspension heavy loads of fine silt and clay in 
addition to enonnously increased bed loads. 

The fine material carried in suspension presents no 
problem in canal maintenance, except when flows are ex
ceptionally low. Coarser bed-load material, however, 
settles in canals and ditches and must be removed to main
tain the capacity of the conduits. Both bed loads and 
suspended loads settle in storage reservoirs. This accum
ulation is important in detennining the length of life of a 
reservoir. Records of the Salt River Valley Water Users' 
Association show a total silt accumulation of 108,000 acre
feet in Roosevelt Reservoir on Salt River during the period 
1905 to 1934, inclusive. Other streams in the basin 
notably the Gila, are known to carry greater proportions 
of silt than Salt River, so this figure is lower than the 
average to be expected. 

The suspended material found in the waters of the Gila 
River and its tributaries contains considerable organic 
matter and but little coloidal clay. When applied to 
sandy land, this material gives body to the soil and is 
beneficial. When spread on tight land, however, it clogs 
the pores of the soil, reducing its penncability and making 
its cultivation more difficult. In municipal water works, 
it clogs intakes and makes water clarification costly. 

The only practicable solution of the silt problem lies 
in providing adequate silt storage capacity in reservoirs on 
major streams contributing silt and in limiting erosion by 
better w~tershed control. 

Irrigation 

Gila River.-Irrigated areas along the Gila River and 
its tributaries, San Francisco River, San Simon Creek, 
Queen Creek, and Centennial Wash, total213,400 acres. 

Irrigation projects located above Coolidge Dam have 
no water-storage facilities and must depend on diversions 
from the ~nregulated flow of the Gila River supplemented 
b~ pum~mg from ground watt:r for their irrig;1tinn sup
plies.. 1 hese upstream projects cover an area of ap
pr~:oo~natcly 51,000 acres nnd require additional water 
to 1rngatc adequately all project lands. 
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The San Carlos Reservoir, with a capacity of 1,200,000 
acre-feet formed by Coolidge Dam (Office of Indian Af. 
fairs), stores water used for irrigation on several down
streams projects. ·The San Carlos project, largest of these 
irrigation developments, serves 100,500 acres, about half 
of which is farmed by Indians. Project lancls require 
more water than is supplied to them by existing irriga
tion developments on the Gila River. 

Other downstream developments include those made 
by the Buckeye Water Conservation and Drainage Dis-. 
trict, Arlington Canal Co., Gillespie Land & Irrigation 
Co., and others. These lands obtain much of their water 
supply by pumping from underground sources. At the 
present time ground-water depletions exceed recharges to 
a considerable degree, and unless replacement water is 
supplied, some land must be taken out of cultivation within 
a few years. 

San Pedro River.-About 2,600 acres of land are irri
gated in the Benson-St. David area of the upper San 
Pedro River watershed and a few hundred acres are dry
farmed. No surface water storage is available and irri
gation supplies depend on the extremely variable flow of 
the river, the output of several small flowing wells, and a 
limited amount of pumping from ground water. 

All of the dependable surface water supply of the San 
·Pedro is now divided among irrigators in the San Pedro 
Valley and in the Gila River Valley downstream from the 
confluence of the two streams. The only possibility of 
irrigating additional Ian cis in the San Pedro Valley is 
through the importation of water to the Gila Basin, so 
that San Pedro River water now used there may be re
leased for use in the San Pedro Valley. Ground-water 
resources along the San Pedro River are not fully de
veloped, and increased pumping would yield valuable 
but limited supplemental water supplies. 

Salt and Verde Rivers.-Diversions of irrigation water 
from Salt River were first made by white settlers in 1867. 
Because of erratic river flows and lack of storage facilities, 
water supplies during dry years were inadequate to supply 
the demands of the lands in cultivation. The Bureau of 
Reclamation constructed Roosevelt Dam and power plant 
to provide storap-e and regulation of Salt Ri,·er. Diver
sion works, canal~, laterals, and other power plants were 
also built by the Bureau before turning the project over 
to the Salt River Valley Water Users' Association in 
1917, subject to pa)ment of the unpaid balance of con
struction charges. During the years between 1922 and 
1930, the association constructed the Horse ~Iesa, ~[or
mon Flat, and Stewart !\fountain Dams for irrigation 
and power, and the Cave Creek Dam for flood control. 
The Bureau of Reclamation, during the 1936-:19 period, 
built Bartlett Dam on the Verde Rh·er, principal tributary 
of Salt River. 

Large areas of fertile land surrounding the Salt River 
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ROOSEVELT DAl\I ON SALT RIVER 
First Bureau of Reclamation storage in Colorado River Basin 

BARTLETT DA11 ON VERDE RIVER 
Another Reclamation dam to irrigate Arizona's thirsty lands 
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project are irrigated wtth water wholly or partly supplied 
by pumping from wells. The S~t R.iver project also 
supplements its surface-water supphes w1th gr~u~d wat~r. 

Approximately 336,000 acres of land wcr~ JIT~gated m 
the Salt River and Verde River Valley reg10n m 1939. 
This included 14,000 acres of Indian land, not all of 
which is irrigated at the present time. The Office of 
Indian Affairs contemplates ultimate development of the 
full acreage. Of the total area 240,000 acres wer~ irri
gated principally with surface water and the remamder 
with water from wells. 

Pumping from underground storage exceeds recharges 
and unle!iS ground-water supplies are supplemented, the 
amount of land under cultivation will have to be reduced. 

An earth and rock-fill dam is at present being con
structed at tl;e Horseshoe site on the Verde River by the 
Phelps Dodge Corporation in cooperation with Defe~e 
Plant Corporation. Under the terms of an agreement be
tween t.l;ese corporations and the Salt River Valley Water 
t:,cri .~\s.:.ociation, water conserved by this dam will be 
exchanged for water diverted from Blac~ River, another 
tributary of Salt River, for use at the Morenci :Mine and 
Reduction Works, owned by the Phelps Dodge Corpora
tion. The Horseshoe Dam will conserve a part of the 
Verde Ri\,er flood water for use on the lands of 
the association, and in return the a~sociation will 
permit Phelps Dodge and Defense Pl;nt Corpora
tion to divert from Black River an amount of water 
equal to that conserved by Horseshoe Dam, but not in ex
cess of 14,000 acre-feet a year, nor in excess of 250,000 
acre-feet total. 

The reservoir formed by Horseshoe Dam will have a 
storage capacity of 60,000 acre-feet, but the dam will be 
so constructed that it may be enlarged ultimately to in
crea.<;t the reservoir capacity to 300,000 acre-feet. 

Santa Cruz River.-Wclls furnish practically all of the 
water used by the 115,400 acres of irrigated land in the 
Santa Cruz River Valley. Electric energy for pumping 
purposes is imported from the Salt River Valley and 
Parker Dam power plants. 

Because of the high fertility of the rands in this region 
the acreage under cultivati~m has inrrea.-.ed greatly with 
a consequent increa~e in the amount of ground water 
pumped for irrigation use, Ground-water withdrawals 
(:xcced replc11bhmrnts and unless additional water be
comes available, much land must go nut of culti\'ation 
within a few yrars. . 

Agua Fria and 1/anayamJ'a Rir·ers.- .\ppro:..im:.udy 
4ll,700 arrcs of land are irrigatt:d in and .tdjaccnt to the 
Agua Fria Ri,·t·r Val11·y through the utilization of both 
~urface and ground-water ~uppli('s. S111 face waters arc 
~tored in a I 78,000-acrc-foot rc:,ervoir formed bv Lake 
Plca~ant Dam, and ground w:~.trr i~ wade avail.~blr bv 
means of nunwrous drcp-wl'!l. rlrrtrk;dly-drirt•n pump;. 
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As no electrical energy is generated in the area, all energy 
used is purchased from power plants located irt other 
regions. Ground-water pumping should be reduced and, 
if possible, replaced by surface water. 

Some 500 acres of land lying near the Ha<;Sayampa 
River is presently irrigated. Much fertile land in the val
ley would be very productive if adequately supplied with 
irrigation water. 

Independent drainage basins.-Approximately 10,400 
acres of irrigated farm land in the Gila division are in 
small independent drainage basins or in basins draining 
into Mexico. These lands derive their water supplies 
principally from artesian or pumped wells, although sur
face flows are used when available. 

TABLE CIV.-lrrigated areas in independent basins 

Basin I County &nd State I Drainage 

s .. tph"'Spri"" Vat-~ C«h"e, -"''-- Iodc"'"d'"'---1 ~ 000 
lev. 'I ! 

Whit~wa.ter Draw .• ~ _____ do ________ Yaqui River_ __ ! 2, 000 
VamorL·----·-----1 Pima, Ariz _____ Jndep(~ndl:'nL. -j 1 5. 200 

' , __ Animas Valley ______ 

1

, Hidalgo, X. ~Li ____ do __ •• ---1 200 

TotaL ____ ., _ _ _ _ _ _ _ _ _ _ ____ l _________ •• _ i 10, 400 

• Indian lands. 

Power 

Power plants supplying electrical energy to the Gila 
division fall into two classes: ( 1) those which generate 
energy for sale, and ( 2) those which were constructed 
for the sole purpose of furnishing energy to some nearby 
industrial development. Both publicly and privately 
owned plants are located in the area. Those owned 
privately have by far the greater installrd cap:tcity and 
have been constructed mainly to supply the energy de
mands of mines, mills, and smelters. The total installed 
capacity of power plants in the division is about 327,000 
kilowatts. 

The Bureau of Reclamation's power plant at Parker 
Dam supplies large amounts of energy to power-marketing 
agencies h:atnl at Phoenix, Coolidge, and Tucson, .\riz. 
Thc~c ag('ncit'S in turn distribute this energy O\Tr a wide 
area. 

Pown pl.mtJ; of the GiLl di,·bion are hydroelectric. 
steam, or internal comlm~tim1. Steam pbnts pre
dominate. 

Drairrcgt• 

s,lils and topt)gr:tphy within the Gila di,·i~inn arc 
surh that dr.linage under irrig.1t;on i~ generally adcqu:.w 
and in l'llnl(' r:N-s n.n·~<.iw·. Sub~urf.lce drainagt' i~ 
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usually good because of the open, permeable subsoils 
found through most of the region. Some areas of the 
Salt River Valley are drained by pumping from we11s. 
Not only does this result beneficially in lowering the 
ground-water level but also makes available a dependable 
supply of irrigation water. 

Several farming districts surrounding the Salt River 
project are wholly dependent upon this drainage water 
for their irrigation supply. The drainage system com
prises about 190 wells. Electrically operated pumps lift 
the water about 86 feet to distributing canals, where it 
flows by gra .. dty to the irrigated lands. Some 240,000 
acres are thus drained and about 95,000 acres of this area 
are irrigated by pumped water. 
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F/()od control 

Cave Creek Dam, situated just north of Phoenix, Ariz., 
is· the only dam constructed for flood control in the 
region. Its reservoir capacity is 14,000 acre-feet. Al
though other storage darns were constructed primarily 
for irrigation and power development, they offer some 
deit-ee of protection. Considerable damage,.,. however, 
still results from flash floods. 

Summary 

Important dams, irrigated acres, and the net effective 
stream depletion due to present irrigation development 
are summarized in the following tables: 

TABLE CV.-Important dams in the Gila division 

Name:otdam River Purp05e Capacity of r~ser· 
\'oit (acre-feet) 

--------1-----
San Jose. __ .....••.•••.......•.. ---.. Irrigation diversion •.•.•... _ ....••...•.......•. _ ..••.• _ .. 
Coolidge............................. Irr~gat!on, ~ood .control, power.............. 1, 200,000 

~:;au~~~~~!-~e-~~~==== = ~:: :::::::::::: . ~~~~~~~~~~~r-~~~===::: :::::::::: =: :::: =: :::::::::::::: 
Gillespie ..•.................... ------ ....• do ...•• ·--·········-··-·-··- ...•...... ---·······--. 
Roosevelt ••..•............... --.---.- Irrigation, power ••....•.•••...•.•. ___ ..... 1, 400, 000 
Horse Mesa .•. ---····--··-----·-·-··- Power •••• ~---·····--····-----·--·-·-····- 245,000 
:.\lormon Flat ••••••.••...•. -- .. ------- ••••• do................................... 57, 800 

~t:~~~ ~:!~~~i~-~::::: :::::::::::::: · r;.ig~~~;-di;eisi<>~:::: :::::::::::::::::::: -.. --- .. ~~·-~~~ 
Bll!'tlett.. ..•.•••........ -- .... - ..•.. - Irrigation, flood control. _______ ••. -------__ 182, 600 
Cave Creek .•••...... -- .. ----·.- .. --- Flood controL ••.•••....••....• ----·····-- 14. 000 

~~::::=-·:·:: :::::::: ·:: :::1 ..................... ::~~~::::::::::::::::·::::::::::::::::: 3, :.:: 

TABLE CVI.-Present irrigated areas in the Gila division 

Stream basin 
Arizona 

Acrrs irrigated 

Nrw 
Mexico Total 

Gila River .......••.. __ ......... 202,600 10, 800 213, 400 
San Pedro River................ 2, 600 0 2, 600 
Salt and Verde Rivers ••.... ______ 336,000 0 336,000 
l'anta Cruz Hiver ................ lll5, 400 0 115,400 
AKua Fria River_ ________________ 48,700 0 48,700 
Ha~•ayampa River_ ..•. _._ •.. ___ 

1 

500 0 500 
lndrpPnd~nt Ba.•in,: ______________ 10,200 200 10,400 

~-,--TotaL. •... _ •.....•••... ·j71 6, 000 11, 000 727, 000 

TABLE CVII.-Estimated present average annual stream 
depletion in the Gila division 

Depletion (acrr-!o"Cl) 

Division 
Arizona Total 

-----------·~-·----1----

Giia division ................ \1, 13:), 000 16,000 1, 151,000 

PoTENTIAL DEVELOPMENT OF WATER REsouRCES 

The water supply of Gila division is inadequate to 
meet the requirements of lands now irrigated. Ground
water supplies are being exhausted, and surface supplies 
are inadequate. In general, the area is suffering from a 
continual water shortage. The only source of water for 
supplemental, replacement, or additional use is the Colo
rado River. 

Central Arizona project.-Several plans have been ad
vanced for diverting Colorado River water to central 
Arizona. Preliminary investigations by the State of Ari
zona and by the .Bureau of Reclamation have reduced 
the number of alternatives considered to three; these three 
are receiving study at the time this report is being prepared 
to determine which plan shall receive the detailed investi
gation necessary for project report. 

All plans would serve the purpose of delivering Colo
rado River water to Granite Reef Dam, on the Salt River 
at the nominal head of irrigation. .Brief descriptions of 
these routes follow: ( 1) Marble Canyon route (gra11-
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·.t )-Colorado River water wo~ld be diverted from e 
t y • h d . 
potential Marble Canyon Reservmr, t e am s1te r 
which is about 320 miles upstream from Boulder Dam, 
through 143 miles of c~ntinuous tunnel, to ?ischarge int? 
the Verde River 95 miles upstream from 1ts confluence 
with the Salt River. A series of reservoirs and power 
plantS on the Verde Ri;cr would re~la.te t~e diverted 
water, as well as Verde River water, for Irngatlon use, and 
develop power through the head available. In common 
with the other alternative routes, water imported from 
the Colorado River would be delivered finally at Granite 
Reef Dam on the Salt River. (2) Bridge Canyon route 
(gravity) -Colorado River water would be diverted from 
the potential Bridge Canyon Reservoir, the dam site for 
which is located 118 miles upstream from Boulder Dam. 
The diverted water would flow by gravity through a 78.5-
milc continuous tunnel south to the Big Sandy River, 
thence by 235 miles of aqueduct and through 11 shorter 
tunnels totaling 13.7 miles, into the potential McDowell 
Reservoir, which would be located on the Salt River im
mediately upstream from Granite Reef Dam. ( 3) Parker 
route (pumping)-Under this plan Colorado River 
water would be pumped from Havasu Lake through a 
series of four pumping lifts totaling 985 feet, and thence 
would flow by gravity through 235 miles of aqueduct to 
Granite Reef Dam. 

For simplicity in presenting the potentialities of the 
Central Arizona project, it has been necessary to limit 
discussion to one alternative plan. That employing the 
Bridge Canyon route has been selected arbitrarily for that 
discussion; likewise, an annual diversion by the project of 
2,000,000 acre-feet has been assumed arbitrarily. Esti
mates of cost and of power potentialities are consistent 
with these assumptions. The plan finally selected may 
differ materially from that assumed herein, both as to 
route and as to quantity of water diverted, and it should 
not be assumed that the plan selected arbitrarily for dis
cussion herein has been shown to hare the greatest merit. 

The Salt River unit would utilize Colorado River water 
. delivered to Granite Reef Dam by diversion at points 

along the Salt and Gila Rivers through existing facilities. 
Supplemental water could be supplied to approximately 
384,900 acres now inadequately irrigated in this area and 
to 20,000 acres of new land lying within the boundaries 
of existing irrigation districts. 

Tlte Paradise Valley unit would utilize Verde River 
water now required by the Phoenix area, that area recch·
ing Colorado River water instead. Enlargement of 
Horseshoe Dam on the Vrrde Rh·cr to incrca~c the resrr
v~i.r capacity to 300,000 acre-feet would provide ad
ditwnal regulaticlll of this stream. In:;tallatilln of a 
10,000-ki!owatt power plant at this site wouM proviJe 
rcplaccmc~t pO\\'t'!' .for t~e Stewart Mountain power plant 
on Salt Rtvcr. Dtvrrswn at the Dartlctt Dam on the 
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Verde River into a 64-mile canal would permit utilization 
of Verde River water on 85,000 acres of land in this unit 
north of Phoenix. 

The San Carlos unit could divert water through a short 
tunnel from the Saguaro Reservoir (formed by Stewart 
Mountain Dam) on Salt River and through a canal ex
tending over 100 miles to 157,400 acres of irrigated lands 
in the San Carlos Irrigation District and pumping de
velopments in the Gila River Valley. Ground-water 
pumping could thereby be decreased to the safe yield o£ 
the ground-water basin. Reduction in energy generation 
at Stewart Mountain Dam, as a result of such a diversion, 
would be offset by energy generated at the proposed new 
plant at Horseshoe Dam. 

A dam at the Buttes site on the Gila River below San 
Carlos Reservoir could be constructed to form a reservoir 
with a capacity of 400,000 acre-feet. This storage would 
regulate floods from tributaries entering the main stream 
below San Carlos Reservoir and thus provide protection 
for irrigated lands downstream. The stored water could 
be released as required by downstream users. ."'-n annual 
average of 17,000,000 kilowatt-hours of power could be 
generated at a plant at the Buttes site with an installed 
capacity of 5,800 kilowatts. This plant would operate 
only when water is required for irrigation purposes. The 
energy thus generated, while not firm, would be available 
for irrigation pumping and could be used for that purpose. 

With demands of the San Carlos unit satisfied, irrigators 
on the upper Gila and u ibutaries could increase their di
versions beyond any present legal limitation. In many 
cases, however, regulation of stream flow would be neces
sary to make such diversions physically possible. 

The Charleston unit would involve construction of a 
dam at the Charleston site on San Pedro Rh·er and a 70-
mile pipe line to deliver 12,000 acre-feet of water annually 
to the city of Tucson. With a safe source of supply thus 
providcJ, tl:e city could discontinue or decrease its present 
pumping from a diminishing underground supply. A 
reservoir with a capacity of 240,000 acre-feet fonned by 
Charleston Dam would provide sufficient storage to pro
tect downstrean1 irrigators from flood damage. Supple
mental irrigation water could be furnished to 2,600 acres 
of land lying below the dam site. 

The Safford Valley unit, through construction of a 
dam at the Elliott site on the Gila Ri\'t'r, one-fourth of a 
mile below the mouth of San Francisco River to pro\·ide 
a reservoir of 70,000 acre-feet capacity would supply sup· 
plcmental water to 3:?,460 acres of land. in Safford Valley. 
Although the rcscn·oir would be 0peratcd prim,nily for 
irrigation, it would sene also to control floods. 

The San Fra11cisro ur1it would furnish additional sup
pl<"mrntal water to the Safford Valley unit by rcgulJ.tion 
of the San Francisco Riwr. Storage could be obtaincJ 
by the constructitlll of a system of small reserwirs, thl.!' 
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number, location, and capacity of which have not been 
detennined. By distributing these reservoirs in the upper 
reaches of the basin, regulated flows could also be utilized 
to supplement supplies to approximately 2,500 acres of 
land now irrigated in the San Francisco unit. In addi
tion, approximately 2,000 acres of new land could be 
brought under irrigation. Although considereq as a part 
of the Central Arizona project, it is possible that this unit 
could be developed independently on a modified scale. 

The Duncan-Virden T"alley and New Mexico units 
would provide storage at the Hooker site on Gila River 
near Cliff, N. Uex., to provide supplemental water and 
some flood-control protection for 13,600 acres of land 
now irrigated near Duncan, Ariz. A 3,000-kilowatt ca
pacity .power plant at Hooker Dam could supplement . 
available electric energy in the area. A permanent lake 
in this vicinity would furnish valuable reactional oppor
tunities. As presented, this dam would be an integral 
part of the Central Arizona project. Should· Colorado 
River water not be diverted to central Arizona, a project 
in this area may warrant independent consideration. 

Chino Valley project.-Approximately 2,540 acres of 
inadequately irrigated land in the upper Verde River 
Basin about 15 miles north of Prescott, Ariz., could be 
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furnished an additional supply by concrete lining an exist
ing canal leading from the diversion points on Granite 

·. and Willow Creeks to the project lands and by making 
, certain other improvements. to reduce water conveyance 
' losses. No new lands could be brought under cultivation, 

/
, and a full supply could not be furnished to the entire 
project area. However, distress occasioned by recurrent 
water shortages could be alleviated. 

Hassayampa project.-By construction of a dam at thlf 
Box Canyon site on Hassayampa River a storage reservoir 
of 210,000 acre-feet capacity could provide sufficient 
water to irrigate 8,800 acres of desert land west of Witt
man, Ariz. This reservoir also would help to control 
floods in the area. ' 

Sentinel project.-Although the reservoir which would 
be formed by a flood-control dam near Sentinel, Ariz., 
would extend into the Gila division, the dam site and 
project lands are in the Boulder division. The project, 
therefore, is discussed under that division. 

Summary 

Potential developments in the Gila division are sum
marized in the following tables: 

TABLE CVIII.-Potential projects in the Gila division 

ProJect and unit Location or project Source ol water supply P!ll'Jiose to be served I 
Estimated construe. 

tion cost• 

C'entral Arizona·--··---------·-·· Arizona ________ Colorado River ____________________ I, F, P, M, U....... $432,800,000 
Salt River 
Paradise Valley 
San Carlos 
Charleston 
Safford Valley 
San Francisco 
Duncan-Virden Valley 
New Mexico 

~~~~Y~~~%::::::::::::::::::::: :::::~~::::·.:·_:: Granite and Willow Creeks _________ L----------------- 150,000 
Hassayampa River_ •• _ ..... -----·- I, F.---· ••• __ ••••• _ 6, 650, 001.1 

Total .... - ........ -- ................. --·- ................... -.... -...................... -... -.................... -...... ------ ........... -.. -- ...................................... - 439, 600, 000 

1 Stmbols.wed:I•Irrlgatlon,F-ftood control, P•powor, M•rnunlclpal,U •underground Wllterdischarge. 1 Prellrnlnaryostimltes b"-'"don ooostruotioncostsofJan, 1,1940. 

TABLE CIX.-Potential reservoirs in the Gila division 

Name olsito Rource ol wotor supply ProJect served 

Central Arizon11.: 
t'cDui~IL. •. - ------ •• -.-- _ .. - •• _ Salt River •••.•••. _ ..••..•. _._ •. __ .. __ Salt niver unit .•.. _____ ..•••.. 
H.~~~s toe Enlargentent_. _ ....... _. Verde River_. __ . _____ .. __ ._ ••••• _____ • Pararli~e Valley unit. ___ ._ .•••. 
Chart~~i;~ ------- --------------- Gila River ... --·-- ...... _____ ._·-··--_ San Carlo~ unit.-------·------
]·,lt111tt .••. ~---- -- - -·--- ---- :San Pedro River ...... -------------·-- Charleston unit .............. . 
llookPr llita RivPr ..•.. -- ••• -..•...•. _______ • _ S!lfforrl \'~llt.'y u_nit. __ •. ___ . __ • 
:'11 1 ~Ptt~,;;;1;; ·---------- -· ------- _____ do _________ ;·--------.-----.--·----- ~ew III ext~ untt.------- _ .... __ 
Box l'an on ------ --.-.----- San FranCISCO ~tver and trtbutanes. ---.- i sa.n FranciSCO Untt.. .... -- --- •• -

T:tal~~~~ ~ ~ ~ ~. ~ ~ ~ ~ ~ ~:: ~:::- _ ~i-~~~~~~~~ -~~~~~-. ·_ ~:: :::: :~::::: ::::1-~:~~~~~~::::::::: :::::::::::::1 
1 Not dolermlnO<), I Exctuslvo of JtOientlal rr,..rvolr• In Sllll Franclsoo unit. 

Total CIIP!I<'ity 
(acre·leel) 

250,000 300,000 
400,000 
240,000 
70,000 

150,000 
(1) 
210, 000 

I }, 620,000 
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111 the Gila dizi.;ion 

Proit>t'l an•1 ur.it j 1 ~131~ 

C%t£:l/£~~~~: _ *·- ____________ -=~ ~:-- ::_ :\~~~~:_-_-_-_--~~ =:~ :~:::-:: _ 
Pamdise hlley ..••.•. 

'>0 000; 3~!, ~00 Wt 900 85: 0{)0 I 0 !;0.5. ()()() 
o: 157, 41)0 157. 400 8an Carlos.--------.-- -- ----- -.. : ---- .r!o .••• * •• ---

(1.arlC"ston_ .. ,... __ ~---~- ___ .. -~ ~-M-·-~--·---do __ ..,_ .. _____ ~-----~ -- ----------~ 
~afforri \"alley-------.. ----- -~- -- -'.-; •• do .• ~-------------------

0 2. f\00 2. GOO 
0 32. 4f\O 32,460 

:'an franri:<CO .. _____ • _. . . _.-- .• ---- i :'\ .:w :\[eXJco.------ ---- --.------
Dunelln-Yirrlen Yalkr--------- ---- i A_rizona-~ew ~[exitu _____________________ -

2. ooo I 2, ,';iJ() 4. ,')(1() 
Oi 8, 100 &, 100 

Xew ~lexko _____________ •• -- _ ...... 
1 

:'\~w :\Iextco ...•.. -- -- .. ------- ------- 0 5, 500 5, 500 

Subtotal ..• -.•.. 107,000 ' 5'33, 4t;o iOQ, 460 

0 2, 540 i 2. fi.!(j 
8, soo 0' b. 800 

Total.-------------··------------- 115, 800 5!41), 000 ill, &00 

T.'BLE CX.I.-Poltntial irrigation derelopment in the Gila divisicn by States 

St&te 

Arizona .. ___ ---------- ...•. ----- _____ .. --------. __ ---- __ 
I 

111. 800 i 
Xcw !\[r:tico ••••.•••••• _____ ..• __ •. __ ------ ••••. 2, 000 ! 

FW'!;'h(<l 
suppi;;:w-rna! 

'if' ale!' 

5$.5, 21)0 
10, 800 

Toral 

f·99, 000 
12, ~00 

TotaL. __ .•. _ . _ • ____ •. _ . __ • _ .••• __ • _ .••.•..... ______ . _ .. ___ . _ • ___ •. ____ .. - - 115. 800 59ti, 000 711.&00 

T AllLE CX.II.-Potential poaw der·elopment ir1 1 he Gila a'irision 

Prnj'i't ar.1 U1lit 

C~r,tral Arizona: 
Pars.-\is<:!' \' allo•y _ .. ____ • . . -. _____ ',· 

1
1!. '!

1
r;:--,.'_J_•'>t' __ ·_- _- ___ · _ _ . _ 

:::a:1 C'arln;; _________ . _ ~ "-
X~>w ~.fexico ......... _ 'Hoo~t·r ____________ _ 

I 

TotaL •......... __ I 

I R_ ... l•lY"rrnf'ut f'il:.•·,.r f,., ~trwvt Moun•ain f\OWf>r 'f'ht.nt 
J :--tt'li!H'lDUJU firm ;.'fn.n.t~~o •vuloi he lh,lbl,it.IIV kl-,,.-l:t.lt·totu·s. 

TAnLE CXIII.-Puunl and potrntial str.-am dcplt-tiviiS in 
I he Gila diuision 

J: 'lirn&t.<l a•m.~:• annQill d, pktlou (~~<ore
In'!) 

--·-···- ···--·----· --·- ----- -----
.\rizo11a· 

Gila Hiwr ........... I,IJ.i,OoO' 2tl,OUO 
Cuiura.t., ltinr _. _ .•. _.' .. __ . __ .... I, .~'IS, ()(H} 

T•>t..! 
uhmut.ltll 

1 dq·J.-~: .. ,u 

I, t.i.i, oon 
I, .'iSS,(){)() 

l'ulltot11L .......... I, IJ.i,OOO 1 l,lill~.0410 r !!. 71:l,OIIU 

j ir?;:;;:l),.~~ / .\nt•.l!ll, •rm_•~n,n-
1 u~· (ki~~\\'"'1ot~s} ! (.~._.r. · kw .- •. n.. 

------------------------
Yercle River ..•.• _.-
Cila RivE'r •......•..• 
_. _ .dn .•. __ •..••. ____ .. _. 

IJO, OfiO i 
5. St'O I 

3, 000 

11(. soo 

I 3i. \IOiJ. 00•) 
!'>, (~HI. fltM_I 
8, 000. OOJ 

T. .. r.LE CXIIL-Prtsnlt a•1d pott 11tial stu am dtplctiMt.t l'l 
th,; Gi!11 di1 i.lion-Continued 

f$tltnJttt'd avt:~ •~nus.l •!q'.\cti('n (~t("ft· r .... ,, 

rou·nti~l 
inrre.:..:-ot.: 

--- -~----·-··--- ---- -----
~t·\\' \lt·xi<"{,: , 1 : 

i::.\~.~:~~:·~:;,~t~r·.::~::· ... 1 ~,~~~- --··;;;~100·; 
~'thtotaL .•.•.••.•. 
Tot a I. ..... _ .•.. 

Hi, Ill\{) i 8, 000 
1.1~>1.000 ,1,6Hi,OUO 

(,~) 

!tlt!~U.l':I.U' 
·h·l·\d ... \ofi 

!I\ I'''' I 
'~ lit.~~.~ 

:.?!. (o(l(l 

2, ;o7. t~\o 
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Summary of Present and Potential Development in .. the Lower Basin 

The following tables. summarize in the lower basin resources with estimated construction costs, and present 
present irrigated areas, potential de,·elopment of water and potential stream depletions. 

TABLE C..'XIV.-Pment irrigation deve?opment in the lower basin 1 

Ams irrigated 
Dirision 

Aritona California Nevada New Mexico t'tab Total 

Littl~ C'olorado .• __________________________________ 

1 

39,230 ------------ --------·- 8, 770 ---------- '48, 000 
Virgin •• ------------------------------------------ 2, 800 ------------ 9, 800 •---------- 23,500 36,100 
Boulti~r •. ----- ______________ ---------- ___ •. ...... • 244, 800 t 803,000 1, 200 I __ -------- ---------- 1, 049, 000 
Gila.-------------------------------------------- 716,000 ------------ ----------) 11,000 --·------- 7.27,000 --------l--------1--------i·--------I--------I----------

Total.._. _. _ ------·-- .. ____________________ I 1, 002, 830 3 803, 000 11,000 I 19, 770 23, 500 3 1, 860, 100 

• lncludrs 1•lll.IIOO acres not yet irri~Mt•d und-' exisling Projects. 
; Jndud•'6 342.100 acres yet to be irrigated under etisting Projects. 

'Includes 416,400 acres Irrigated and 200,600 acres not yet lrril!'lled under the All
AmeriC&D Canal system outtide the Colorado Ril'er natural drainage basin. 

TABLE CXV.-Present hydroelectric generating capacity in 
the lower basin 

TABLE CXV.--Present hydroelectric generating capacit)' in 
the lower basin-Continued 

I 
I 

Present Autborl!ed 
State and di<l:lion Installed or planned Total capacity 

capacity capacity (kilowatts) 
(kilowatts) (kilowatts) 

Present AnthoriEed 
Stale and division Installed or plaJJDed Total capa~IIY 

oo.pacity capacity (kilowatts) 
(kilowatts) (kilowatts) 

.\rizona: 
Little Colorado •.••• _._ 40 40 

Arizona-Nevada: 
~12, 500 ! 1, 542, 500 Boulder ••••.• _.---_.- I, 030, 000 

Gila._--------------- 87,950 87, 950 

Subtotal 87,990 :------- 87,990 

California: 
Boulder .• __ ._._ 16,600 68, 000 

Utah: 
Virgin ••••••.• ________ 3,440 

:\.rhona-California: 
Rn11klPr 120,000 120,000 

TotaL _____________ ?• 258,030 1 580, 500 

TABLE CXVl.-Potential development of water resources in the lower basin 1 

Acres to be irrigated • Power plants 

Stale and di<ision 

' <'W land pl~mental water lry (kilowatts) tion (kilowatt·hoursl1 

84, 600 

3, 440 

1, 838, 530 

E5timated 
conMru(·tion 

OO&t t 

I 
;..; Furnished sup· Installed capac- Annu•l firm ~enera· 

--------------------------------·---------l·--------l-----·----l---------l·------------1----------
Arizoua: 

~~~:.~~~~~~:~: :::::::::::: ::::::::::::::::: 
32, 2.'\0 600 

3, 000 1, 000 
80,000 7, 800 

113,800 585,200 

------- -·-·- ---- ·--- -------- $24, 700, 000 
------------ ---------------- 2, 000, ( 00 

1, 922,000 10, 174,000,000 563,200,000 
15, 800 8, 000, 000 I 425, 500, 000 

Subto1aL ............. ____ . _________ ... ------ 229, 050 594, 600 1, 937, 800 10, 182, 000, 000 11, 015,400, 000 

California: i 

Xe,-~o~~hkr •• ---- ··-··-----.. . - -·---- ---- ----·---_-I 196,' 050000 -------·. ·-- ------ .. ---- ------··· ····---

~~~/.~;r~::::::::::::: :. _ .... ___ -· ------- ---·-- 4, 500 •••. _ "'-- .. _ ---- ••••• ------. ----------------1 33, 600 ------------ ------------ ----------------

3, 100,000 

4, 800,000 
11,700,000 

SubtotaL.____________ . ___ ---------~~0 _ 4, 500 ------------. ·--------------

Xew !lr~~ico: ' J I 
l'tah~ua.. ___________________ -----------·--------..1 2,00~ I 10,800 3,000 I 8,000,000 14,100,000 

¥:::r.~~:::~~::~;·:·;~,;;;:: : : : ::: :: :::: J • :'~:: 1::::: .~~ ~, I • ••• • ··.:!.: ... '~::~::: ,s !~:iii 
TotaL _______________________________________ ~ 303,150 I 6!8,100 I 1,945,400! 10,205,000,000 jl,255,300,000 

16, 500,000 
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TABLE CXVII.-Present and potential stream depletion in the lou:er basin 

Estimat!'d a•erage llllDWll dcp!Hion (acre-le<>tl 

Existing or anthorired projects I Potmtial projoc~s 
State and divlsion 

Prc;mt depletions J"nture increase I Tolal ultimate 

I 
d~pl<tion 

Co~:n!'d in ! Exported . Con~in!'d iu I Erport!'d ! Co\~d in Export<d 

58, 700 ,1 .. -. -------- ----------1-------.--- -,' 48, 700 107, 400 
5,100 ------------ ---------- ------------ 12,700 17, f>OO 

208,400 ,------------ 5il, 000 1--···------- 3-!6, 000 ·- 1, 12.'), 400 
1, 135,000 ------------~------.::..::.:.::1.::..::.:.::.::.::.::.::.::.:..:.. 1, 608,000 ~::..::.:..:..::..::.:.::.:: _!::!!!~~ 

i 
Arizuns: I 

I:~tti_c ~olomdo ________________ _ 

~?!~~==~======= ==:= ~ =: :::::::! 
Subt.J:£>1.. _ ... -.- ....... -.- •. 1, 407,200 1------------1-57l,ooo '------------1 2, 015,400 ~----------1 3, 993, tiOO 

SUM!\IARY 'OF PRESENT AND POTEl\71-\L 
DEVELOPME~7 IN COLORADO RIVER 
BASIN 

The following tables summarize present and potential 
development of water resources in the entire Colorado 
River Basin. 

Table CXXI sho·ws that the "total ultimate depletions'' 
are o\·er 20,000,000 acre-feet annually. The long time 
average annual undepicted flow of the Colorado River at 
the International Boundary is estimated at 17,7 20,000 
acre-feet. (See appendix I, Water Supply, Colorado 

TABLE C.X\111.-Present irrigation development in the 
Colorado River Basin 

I t'pJWt-asin 

----,...--.--....----
1

. I I I I Totlll (ucrt'5) lrr!~tMI lrrtt11hk. • '. lrrlosh"<l lrr'o.ltk> 'I 
(11<1' ... 1 I (11<-re;) (at'fl'l<) (WOSJ 

. I . ,--
~rmma:-.... 6, 000 . _ .... ·I S.'lii, 930 Hi6, 900 1. ()()(i 830 
('a1

hfunna. -- •. 
1 

........ i __ .... _ 4150, 900 342, 100 '!'lfl3' 000 
"Ol'lido_____ 7i0 1701 3:? 670' I I so·>' f\40 

Xrva<h I ' ' ~-----·-··!····--- •· 
:-.; , 1------ --·--·-·· ------- 11, ono.... 11 ooo 
._ew ·' t.>Xil'o .• i 3'1. (HHl ••••••• ! 19. ;;o ... ---~ 57' 7i0 
l!ah.. ..•••.•• 2-:'l.loi:!O ....... ~ 2J,ail0 .•. ~~:: 1 29'1::120 
".l"11

HI•K----· ::!.!ti, o;o, 11, o~;o: .... -----1-------' 247,540 
' ·-----I '!---

Tti!Ul.- I, 32:;, OtiO. 41, 110 I, 3~•1, 100 ;)09, 0003, 22\l, 3M 
! I I I 

TABLE C.XIX.-Prescnt hydroelectn'c generating capacity in 
the Colorado River Basin 

I Prl'l'ffitin-l h' 
stall.d a~pac- .\ur omM Total 

Stale and divisi()ll ity or plannMI (kilowatts) 
_________ ! (kiJ~,.sttsl llaloa-otts) !'----

Colorado: l I 
Green ________________ 

1

, 200 .......... 1 

Grar.d .••••• --------- 49, 667,_ ---------
San Juan •• ·----------, 4,6.'i0 ----------1 

SubtotaL__________ 54,517 !----------! 
Kew :\Iexico: San Juan..... 280 ~-----------1 

200 
49,667 
4,650 

5-!, 517 

2SO 
l'tab: I 

Green________________ 2, O?O 1----------1 2, 050 
Grand............... nO ----------, 50 
San Juan............. 170 I _________ -!, ___ 17_0 

SubtotaL........... 2,270 1----------1 2, 270 
'===·===,·=== 

Wyoming: Green ........ ---~ 150 1- _ .. _ ..... ! 
Tot.al, urper basm... 57,217 1---------·i 

Arizona: 

1 

I 
. tl~~~-:~~o:~~~-----·::.·:·.1 40 ----------1 - 8i, 950 ----------

SuHotaL. •••.•..... , 87, 9\lO ; .•..•.•... ! 
Arit<'na-C'~olifurnia: I ... 

1 

Boul•hr ••••.•.••••••• J 120,000 !-----·----~' 
Arizona-:\ t•vada: j I 

Boulder .••••..•••••.. -1, 030,000 I 512, ;;oo ' 
California: I 
• floul,kr .............. [ lo,600 1 GS,OOO l 

t tah:_. . ' i 1 
\1rgm .••••••••••••• .l 3,-Htll .......... : 

150 
57, 217 

40 
87,950 
Si, 9~1tl 

120,000 

1, 5-l:?, i\00 

3. ·1~0 
Total, lower basiu ••• 1t, 25S, OJO I sso, ~uu·l 1, ~:'.,.'>00 
Tutnl. C'ok•rado Hi\'l'~rl 1 I 

11:\:<in ............ l. 3Li, 2.J.i! 5SO, 500 II. !\\l:i, i47 
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River.) The required delivery to Mexico, assuming 
ratification by Mexico of the pending treaty, with ultimate 
development in the United States is estimated to average 
1,500,000 acre-feet annually, which would leave an aver
age annual flow to be used in the United States of about 
16,220,000 acre-feet, or about 80 percent of the sum of 
the present and potential development possibilities listed 
in the report. 

It is evident that the list of potential projects selected for 
actual development will need to be modified to conform 
to the available water upply. A plan of modification is 
not suggested in this report. Final selection of projects 
will depend upon their relative merits, the final alloca
tions of water among the States, the desires of each State 
as to alternative possibilities, and the findings of future 
investigations. 

TABLE CXX.-Potential development of water resources in the Colorado River Basin 

State and dil'islon 

;; 

Arizona: 
~:'1m Juan _____ 
Little Colorado._-~ 
Virgin __ • ___ . __ ._ 
Boulder •• _____ . ___ 
Uila _____________ 

Subtotal ____ 

California: 
Boulder •••.. 

Colorado: 
Green ______ 
Orand. __ ._ .. 
San Juan _____ 

SubtotaL •••. 

:t\evada: 
\'irgiu ____ 
Boulder __ 

Snbto\.lll_ ___ 

New ::\h•xioo; 
t'oa Juan _____ . 
llila .•... __ 

SubtotaL ••• 

rtah: 
Green .. ______ 
Grand ••... _ 
San Juan _____ 
Virgin _______ 

SubtotaL •••...•.. 

Wyoming: 
Ureen ____ 

1 I'~~~~ not lndurl~ irrhmblt' land~ wvlt•r exist in!l or ~uthoritt>d projects. 1 l'rt'hllHJmry ~~nmatcs bJJ.&t~ on constructlno t'Oi~ of Jan. 1, 1!.140. 

Acres to be irrigstod I 

Furnished 
New land supplemental 

water 

6, 000 
600 

1, 000 
7, 800 

585, 200 

600, 600 

30,360 
158, 270 
37,920 

226,550 

9, 500 
33,600 

43, 100 

224, 960 15,100 
2, 000 10,800 

226,960 900 

150,520 145,010 
88,700 1, 9.50 
12,560 14,200 
13,000 8, 200 

264, 780 169,360 

291,330 95,360 

. Power plants 
Estimated 

lnstallod construction 
capacitY Annual firm genera- oostl 

(kilowatts) tion (kilowatt·bours) 

400,000 2, 188, 000, 000 $65, 628, 000 
24, 70t), 000 
2, 000,000 

563, 200, 000 
425, 500, 000 

1, 081, 028, 000 

3, 100, 000 

17U, 500 944,000,000 96, 300, 000 
88,000 453, 000, 000 57, 232, 000 
67,000 264, 000, 000 G9, 227,000 

500 1, 661, 000, 000 222, 7;)9, 000 

4, 800,000 
11, 700,000 

'16, 500, 000 

-- ------ ~ - ~ - 76,882,000 
3, 000 14, 100,000 

-----
3, 000 8, 000,000 90,982,000 

288,000 1' 5 79, 000, 000 116, 500, 000 
200,000 1, 141,000, 000 80, 975, 000 
498,000 2, 663, 000, 000 150, 298, 0110 

4, 600 15,000,000 9, 100,000 

990,600 398, 000, 000 873,000 

1, 500 9, 000,000 47, 100, 000 

--- ~ .. -~ .. ~- -- w -- ~ w - ~ ~ - ~ --
5, 000,000 

-~------------- 362, 100,000 
------------------

3, 6:J8, 400 19, 44 6, 000, 000 2, 185, 442, 000 
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T."-BU: CXXI.-Preunt ard potential strtam depletion in the Colorado Rh-er Basin 

hi!'ring or aulho:ized prvj"'(\S 

I 
1----,--.----·--------- Corsuruf'd in' 

Con,umf'd in · Comumed .u ! basm 1
,! 

'folal ul!!· 
mat~ r.leple-

uon 

b&..<in I trit.;m £;.port..O 

---------------. ---------;---------------------·--------------
.\ciZMJ:J.: 

i'au J nau •• __ ..... __ •••. ---- .. - ... - •• ----
LittlE' I :olorado .• _______ ... -- _____ . _____ --
\'inr:n •••••. -------------------------- ___ : 
BetilJer ______ ......... -.- _- __ 
Gila. __ . _____ . __ . __ . ____ .... ___ . _____ __ 

C.oU(•rui:;: 
:i:.on!ti(~r .... __ ...... _ -~---·-~-----~ ---~ 

('obr"dl'~ 
l;re<-1•------ -----------------------------
(;r.;nrL. ___ .. ---- _ .... 
:::an Juan ____ .----- .. -. 

~c·::Hia: 
\ ir~:in. ___ ------- .. ___ .. __ --- _.-
Bouller ___ ------- .. _ .... -------.----

Subtot£J.L. -------- _________ . _ 

.\' e\'1'" :\I exico: 
~au Juan .... --.--. _ .. -- _ 
Litt:e Colors•lo __________ __ 
Gila ••••••. __ . _______ _ 

rtah: 
Gl"'en _____ . _____________________ •• 

Grsnd. -·- ---. ____ . ________ . 
r-:,. ~ J un.u. _ .. ________ . ___ • - • -
Ylrgin ...... ___ __ 

St!b!otsL _ •• __ • _ •..• _. _. _____ .. _. 

"'yomi~.>g: 
Gl1tn _____ .... ___ .. -----1 

P:1~t !111' irri~ati(ln iu upr.er La.- in •• __ . I 

I 

3<4. 000 i-- .... -- . ' 
I 

P.€'!'ervoir los..~ .... _ ..• _____ ... __ _ --I 
.. , 713,000 ,_-

H,OOO 

Gtl, 000 

49,200 
107. 400 
li, 800 

1, 12'>. 400 
-----------: 2, 743,000 

2&-!, ooo I, 9<5. -;oo 
1St' 000 so: ooo i-- --7: ooo· 
5u, 30o 1---

536,300 

: I 
4S9, 000 : 8<. 000 

500, 000 -- -
922,000 1 

••• 

4, 042, soo 

5, &02, 000 

514.000 
3, 147, 300 

.599, 000 

-l, 2uo. sou 

59. ;:;oo 
19<, 000 

230.800 

51S, 400 
13, 000 
24,000 

555.400 

1, 711, 200 
199. 000 
100, 400 
101, 300 

2, 111, 900 

967.000 

300.000 
1, 701, OOtl 

Total ••. 
J ----------------------------

. •. 4, 399. 0(10 2, 71 S. 800 Sti:'. 000 3, 272, 000 6, 106, 700 2, 833, iOO 20, 19<, 20C 
1 



Power 

From 

Water 

''A prerequisite/or industrial growt{in any area is 
, the availability of a sufficient amount of low-cost electric 

power . .... 

''Opportunities exist for the installation of 1 ~713,000 
kilowatts of hydroelectric generating capacity on the 

Colorado River and its tributaries above Lee Ferry. 
This is nearly 17 times the capacity of all plants now 

in the area. The potential power output of these plants 

would be 28 times the total upper basin power produc

tion of 191-3. . . . 

''Development of lhe potential multiple purpose proj
ects in the lower basin would make available an addi

tional 1,900,000 kilowatts of installed capacity. It is 
estimated that by 1960 the demands for power will exceed 
tlze output from all existing, authorized, and potential 
plants." 
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C'HAPTER VI 

Power From Water 

Full development of the resources of the Colorado 
River Basin requires that the waters of the Colorado River 
system be brought under control by the construction of 
suitable regulatory structures. Additional storage proj· 
ects on upper basin streams are necessary for full utiliza
tion of its land and water resources. In addition, the 
production of hydroelectric power and energy will be pos· 
sible by using the heads made available by the construe· 
tion of dams and appurtenant works. These dams will 
also reduce flood damage by providing storage space to 
hold flood waters. Many thou~ands of tons of silt are 
now carried down the Colorado Rive~ each year, damag- . 
ing irrigated areas and curtailing storage capacity in pres
ent reservoirs in the lower basin. Proper watershed man
agement is proposed as an aid in the solution of this prob
lem, but storage reservoirs located in the upper basin will 
aid also by retaining silt which reaches the streams. The 
reservoirs will have value also. for recreational purposes 
and for the propagation of fish and wildlife .. 

The Bureau of Reclamation has constructed many 
multiple-purpose projects throughout the Western States 
for irrigation, power production, flood control, silt reten-' 
tion, recreation, and fish and. wildlife conservation. One 
of the earliest projects involving power was built in Ari
zona in 1906 with construction of the Roosevelt power 
plant on the Salt River. The early plants were used pri
marily as a source of power for the pumping of irrigation 
water or for project construrtion purposes. Later, power 
~·as made available to project settlers and to other people 
m rural areas, towns, and cities where economical service 
could be rendered. 

To date only a small part of the potential hydroelectric 
power available in the Colorado River Basin has been har
nessed by man. (See map, Colorado River Basin, Prin
cipal Power Systems, Existing and Potential.) The de· 
velopment and utilization of electric power have pro· 
gressed at widely different rates irr'the upper and lower 
basins. This has been the result of great differences be
tween the twO' basins with respect to !oration, climate, 
population growth, agricultural development, commer
rial and industrial activities, and tran~portation facilities. 
Pow<:>r development and utilization arc far less advanced 
in the upper ba~in than in the lower basin and the area 

served from it. The discussion on power in this chapter 
is divided into two sections, the upper basin and the 
lower basin. 

UPPER BASIN 

Although the upper, basin has great potentialities for 
the production of electrical energy, it now produces a comL 
paratively small amount and consumes less than it pro~ 
duces. In 1943 the installed capacity of all plants was 
only 101,082 kilowatts, of which 57,217 kilowatts were in 
hydroelectric plants. ., 
· Some of the energy produced in the upper basin i.rt 

Colorado is carried by transmission, lines eastward over 
the Continental Divide to the Denyer and Leadville load 
areas, while requirements in the Utah part of the upper 
basin are largely supplied with energy imported 'from ad
joining areas to the west and north. To date ft has not 
proved practicable to connect the two areas for power 
supply purposes. 

Opportunities exist for the inst-allation of I, 713,000 
kilowatts of hydroelectric generating capacity on the Colo
rado River and its tributaries above Lee Ferry. This is 
nearly 17 times the capacity of all plants n9w in the a:t:.ea. 
The potential power output of these plants would be 28 
times the total upper basin power production -in· 1943. 
Growing power markets within the basin· and in ad Joining 
areas are expected to' require eventually ·the ma.Ximuin 
power output of these plants. A system of interconnected 
transmission lines will be needed to carry power to marketS. 

Potential power developments described herein indicate 
the hydroelectric possibilities of the upper basin. · Cost 
allocations have not been included but will be considered 
in later specific project report~. · 

'The multiple-purpose projects in\'olving power produe
tion would create artificial lakes with an aggregate surf ate 
area of 555 square miles. In addition to the production 
of power, n1:my of these reservoirs would have value for 
irrigation, long-term stream flow regulation, flood control, 
silt retention, rrcreation, and propagation of fish and 
wildlife. 
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Present Power Development 
The extent of present power development in the upper 

basin has been determined principally by the needs of 
the mining industry. Coal mines use most of t~e ~nergy 

. available in the Utah and Wyoming areas, while ~n the 
Colorado area coal and metal mines are the largest mdus
trial users. l'hese mining areas are served by the larg~t 
utilitv svstems and industrial plants in the uppe~ basm. 
A n;mber of communities receive service from 1sol~ted 
generating plants, both hydroelectric and fuel-burnmg. 
In general, loads are comparatively sm~l ~d the. ~~velop· 
ment of power generating and transmtsswn facihttes has 
been limited in the upper basin. . 

In Colorado the availability of desirable hydroelectnc 
oower sites has resulted in the installation of generating 
plants and high voltage transmission lin~ which a:e 
mainly to supply loads to the east of and outside the basm 
area. In Utah the coal mining industry in Carbon and 
Ernay Counties is supplied with power and energy im
ported o\'er high voltage lines from utility systems located 
out~tide the basin. Wyoming coal mining interests have 

. built their own generating plants to supply their require
ments and the needs of people located nearby. Metal 
mining, which has developed in southwestern Colorado, 
uses most of the power and energy generated in that 
locality. 

With a total of 101,082 kilowatts of capacity installed 
in plants in the upper basin, generation in 1943 amounted 
to 330,149,000 kilowatt-hours. Load requirements (sales 
plus losses and utility use) for that year totaled 238,870,-
000 kilowatt-hours, leaving a net export surplus of 
91,279,000 kilowatt-hours. The total maximum demand 
of all loads in the upper basin area was approximately 
52,404 kilowatts in 1943. 

Pown F ACILmEs 

Colorado area.-By far the greatest part of the in
stalled electric generating capacity in this area of the up
per basin is hydroelectric. Although large coal deposits 
are available in western Colorado, it has been more 
economic.J generally to install hydroelecu·ic rather than 
coal-burning plants. In some isolated areas where loads 
are small internal combustion engine plants haYe been 
provided. 

The principal power systems are those of the Public 
Service Co. of Colorado, the Bureau of Reclamation, the 
Western Colorado Power Co., and the Colorado Utilitie.~ 
Corp. The interconnectrd systems of the Public Service 
Co., of Colorado, the Bureau of Rcdamation, and the 
Redlands Water & Power Co. together furm the largest 
electric generating and tran~mi.o;sion svsteru in the Colo
rado area and al)l() in the upper b~~in. Thr~e inter
connected facilitil's include some 250 miles of tran~mis-
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sion lines extending eastward from a point a few miles 
west of Grand Junction to the Continental Divide and.on 
into the Denver metropolitan area. The total generatl~g 
capacity connected to this system in the upper basm 
amounts to 45 675 kilowatts, of which 90 percent is hydro
electric and io percent is steam-electric capacity. In
cluded in this total area are the 21 ,600-kilowatt Green 
Mountain hydroelectric plant (Colorado-Big Thompson 
project) of the Bureau of R;eclamation and the 3,00~
kilowatt Palisades hvdroelectnc plant (Grand Valley proJ
ect) owned by the' Bureau but operated by the Public 
Service Co. of Colorado. The latter plant is considered a 
part of the company's system in t~is report. No internal 
combustion engine-driven g(meratmg plants are connected 
to any of these major systems. 

Southwestern Colorado is served by the system of the 
Western Colorado Power Co., which has 11,700 kilow~tts 
of connected generating capacity, including 9, 700 kil?
watts of hydroelectric and 2,000 kilowatts of steam-electnc 
capacity. 

At McGregor in the northern part of Colorado the 
Colorado Utilities Corp. operates a 4,250-kilowatt steam
electric plant, with transmission lines extending to nearby 
communities. . 

Principal municipal plants are located at ~unnison 
( 550 kilowattS, steam-electric), Delta ( 1 ~ 100 kilowatts, 
internal combustion), and Meeker (200 kilowatts hyd:o
electric, and 375 kilowatts steam-electric), all of whtch 
are isolated plants. Other generating plants are operated 
by smaller utilities. . . 

The installed generating capacity of all plants m the 
Colorado area was 68,429 kilowatts in 1943. Energy 
generating in that year amounted to 245,083,000 kilo
watt-hours, while total load requirements (sales plus losses 
and utility .use' were 88,228,000 kilowatt-hours. The 
difference of 156,855,000 kilowatt-hours was transferred 
into the Denver and Leadville load areas over the 100.000-
volt transmission line of the Public Serdce Co. of 
Colorado. 

Utah arca.-Although the Utah area of the upper 
basin contains a large amuunt of potential water power 
and large coal reserves, very few generating plants have 
been installed, the principal electric loads being supplied 
with power imported from outside the basin. The largest 
installation is the 1,~00-kilowatt hydroelectric plant of the 
Uintah Power & Light Co. The Utah Power & Light Co. 
also operates two isolated plants, one at\' crnal ( 840 kilo
watts) and one at ~ioab ( 210 kilowatts). The towns (1f 
~[onticcllo and Blanding operate sm::~ll plants to sene 
their citizens. Two rural electric cooperati\'es financed 
by the Rural Electrification Aclmini~tration han· 1.090 
kilowatts of installed gmcrating capacity. 

Power for the important coal mining area is supplied 
by two lines of the Utah Power & Light Co., one a H,OOO
mlt line extending from the Olmstead plant ncar Provo to 
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Sego and Hiawatha, and the other a 132-000-volt line 
extending from the Olmstead plant to Helper. These 
lines are extensions of the company's main Utah-Idaho 
system. 

Only 3,400 kilowatts of generating capacity were in-. 
stalled in the Utah area of the Upper Basin in 1943: En
ergy generated in that year amounted to 6,677,000 
kilowatt-hours. Load requirements totaled 72,253,000 
kilowatt-hours, thus requiring 65,576,000 kilowatt-hours 
to be imported. 

Wyoming area.-Nearly all power generated in the 
Wyoming area of the upper basin is from steam-electric 
plants. Coal mining companies operate the greatest · 
amount of generating capacity. A 20,000-kilowatt plant 
at Rock Springs operated by the Union Pacific Coal Co. 
is the largest steam-electric plant in the upper basin. 
:\Io~t of the energy produced by this plant is used for coal 
mining, but about one-fourth is being distributed by the 
Southern Wyoming Utilities Co. to other consumers in the 
Rock Springs area. At Kemmerer the Lincoln Service 
Corp. operates a 5,500-kilowatt steam-electric plant, and 
at Diamondville the Diamond Coal & Coke Co. operates 
a I ,000-kilow::ttt steam-electric plant, both being used 
mainly to supply power to coal mines. 

The Southern '"'yoming Utilities Co. has recently ac
quired the 1 ,240-kilowatt capacity steam-electric plant at 
Green River, Wyo., from the Utah Power & Light Co., 
and has comtructed a transmission line from the plant to 
Rock Springs. 

No municipally owned plants have beer,.installed in the 
Wyoming area. One system financed by the Rural Elec
trification Administration operates a 180-kilowatt internal 
combustion engine plant. 

The combined capacity of all plants in the Wyoming 
area amounted to 28,423 kilowatts in 1943. Transmis
sion facilities are limited, being designed to ~erve load areas 
in close proximity to the power plants. Energy genera
tion in 1943 totaled 77,049,000 kilowatt-hours, which met 
the load requirements of the area. 

New M;.\·ico area.-This area of the upper basin is 
served by the .Aztec-Farmington division of the New Mex
ico Public Service Co. Installed generating capacity in 
1943 totaled 830 kilowatts of which 280 kilowatts were 
hydroelectric and 550 kilowatts were internal combustion. 
The energy generated in that year was estimated at l ,340,-
000 kilowatt-hours, all of which was consumed in the area. 

Summary.-The amount of installed generating capa,:
ity in the upper b~in in 1943 is given in table CXXII and 
the amount of energy generated and load requirements are 
shown in table CX..'XIII. 

PLA:-<T FACTOR 

Although the amount of installed generating capacity 
is of importance when considering the power fadlities 
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TABLE CXXII.-Installed generating capacity in the upper 
basin (1943) 

Installed capacity (kilowatts) 

8•ure o.rea and class o!utUity ownership Internal 
Steam !Yunbus· Toto.! 

l1on · 
Hydro 

-------------------i-----1-----1----1-----
Culorado: 

Privately owned .•...... 30,942 10,721 7661 42,429 
Publicly owned ......... 23, 57.1 1, 000 1, 425,26, 000 

r--------
Tota!__ ______________ 54,517 11,721 2,191 68,429 

Utah:. =1= --~ -
Pmately owned........ 1, 500. 0 7vOI 2, 2.JO 
Publicly owned......... 7701 0 380 1, 150 

--·--~-~--
. TotaL.............. 2, 2701 0 1, 130j_3, 400 

Wyoming: ~ . Privately owned________ 150 6, 740 353 7, 243 
PutAicly owned_________ 0 0~80 180 

. Subtotal-t'tilities .... ~ . 6, 740 533

1 

7, 423 
Industrial plants________ 0 21,000 0 21,000 

--------
New 1\;::;:~-:··--"···-····-~ 150 27, ~~~~- 533

1 

28,423 

Privatelyowned ........... 280 0_5501 830 

l'pper Ba.~in: I I==. 
Privately owned ........ 32, 872 17,461 2, 41~ 5~, 752 
Publicly owned ......... 24,345 1, 000

1 

1, 985121,330 

Subtotal-t'tilitie.s ____ 57,217 18, 46tj 4, 404,80,082 
Industrial plants ........ __ o 21, ooo

1 

__ o 21,000 

TotaL-------------- 57,217 39, 461j 4, 404,101,082 

in an area, the real standard of power plant utilization 
is the amount of energy that can be generated for sale to 
the ultimate consumer .. The degree of plant or system 
utilization is determined by comparing the amount of 
energy actually generated with the maximum it is pos
sible to generate with the plant or system continually oper
ated at full capacity. The percentage thus obtained is 
called the ~<plant factor." 

Plant factors for interconnected systems are higher than 
for isolated plants because isolated plants need a greater 
part of their installed capacities as "reserve" to insure con
tinuity of service. Also the operation of plants on an inter
connected system may be coordinated to take advantage 
of the operating characteristics of the individual plants. 
Recently an annual plant factor of 61 percent was attained 
by the group of generating plants connected to the system 
of the Public Ser\'ice Co. of Colorado in the upper basin, 
while plant factors on indh·idual isolated plants ranged 
from 14 percent to 31 percent. 

ENERGY PRODUCTION CosTs 

Hydrodectric plants.-Hydroelectric plants in the up
per basin in 1943 produrrd electric energy at average 
costs ranging from 0.65 to approximately 2.7 mills per 
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TABLE CXXIII.-Energy generated a11d load requirements in the upper basin (1943) 

~ ~tat~ art& and cl116o! of utility o'<n~r.;blp 
Hydro Steam 

(t'!tlrllrl.O: . 
Privatl'lr owued __________ - ----· ---------- -
Puhl!C'ly. owned __ •• ----.--.----------.----------

168, 642 12,738 
59, 142 1, 810 

TotAL .•.... --. 227,784 14,548 

4, 512 0 
I, 111 0 

l'tott!: 
Pri nw~lr owned. _ • _. _ - • - - •• - - - - - .. - - .•. -- -
PulJiirly own!'d _ ••.•... _. _ •... _ ..•. __ ..••.•... ,.. . _ 

Iotemal oom
bustJon 

358 
2, 393 

2, 751 

.579 
475 

Total 

181,738 
G3, 345 

245,083 

5,0!\1 
1, 586 

73, 430 
14,798 

88,228 

65,001 
7. 162 

i---------1--------
6, 677 72, 253 TotaL .............. --··-------------.---·-.-----

\\'yummg: 1 

Pnv!ltd) vii'Pf>(L___________ .. 
. J't; blirly ownC'd .... _- ..• -.-.- --- - -. -- ..• -.-. 

St.' !otal-rtilitie< ..... --- ------------
11: l:mrin.l plauts ___________________ _ 

T•,taL ..... - .•. -.------
.':~w 'llr·xit-o: · 

r ... ..-,.:..efy owned ______ _ 

-------------------· l 
t r·;-c·t ha~in: -

Prh·ately owned ..•...•..... ___ .... __ ........ . 
Puhlicly mmed •• ____ . ____ ... ___ . ____ ........• 

Sul>tntal-rtilities __ •....... _ ... _ ........... _ 
I ndusnial plants •• _ ...• ___ ....... _. _ .. -- .. - ..• _.-. 

TotaL. _.- ..•.... - •.. ----.- .. ------ . -- -------- ---

kilowatt-hour. In general, plants operating at the higher 
plaut factors had the lo" est average annual production 
co<t~. The co!'is include operation and maintenance item~, 
but excluded fixeJ charges on the investment and ta..xes. 

Steam-electric plants.-.A..n analysis of production cost 
figures for steam-electric plants in the basin for which data 
are publi~hed by the Federal Power Commission shows 
that the total production cost is approximatrly 7 mills per 
kilowatt-hours. This includes operation, maintenance, 
and fuel CO"ts, but dot"S not include interest, depreciation, 
or ta.xcs. Fuel cost is a major item of expen.<.e incurred in 
the operation of a steam-electric plant and for the plants 
selected this cost ranged from 2.1 mill~ to 3.18 mills per 
kilowatt-hour. 

Internal combustion engine plants.-( :o~t data recentlv 
aYailable on two internal combustion en:~ine plants, with 
iru.talled capacity totaling 750 kilowatts, ~how that the 
total production cost was 3.46 cents per ~ ilowatt-hour, 
.,.. ith fud co~ting 0.86 ceilt per kilowatt-hour. The largest 
item of ex pen.'<', amountin~ to 1.35 cents per kilo\\ att· 
hour, was for ~upcrvi~ion, enginecrin.t::. and Ld1or. 

PowrR l'TILILATI<W 

For the uppl'r ba~in .~~ a "hole it is est imat<'d that 
approxi:natl'!y 5() perrrnt (,f the total amount of elec
tricity u:.ed is con~umt•d by indu~tri.1l roncrrm ronnectrd 
with miuing. :\fo~t of that indu~triallnad is in the cual 

5, 623 0 1, 054 

100 13,941 175 14,216 29,561 
0 0 500 500 f\14 

100 13, 941 675 14, 716 30. 17-5 
0 62, 333 Ol 62, 333 46: 874 

100 76, 274 67.5 77,049 77,049 

450 0 890 1, 340 1, 340 

173, 704 26, 679 2, 002 202, 385 _I 1()9, 422 
60, 253 1, 810 3, 368 1 65, 431 22,574 

233, 957 28,489 5, 370 267. 816 191, 996 
0 62, 333 01 62, 333 : 4fi, 874 

233, 957 90,822 5, 370 J 330, 149 1 238,870 

mining areas of Utah, Wyoming, and Colorado and in 
the metal mining area of Colorado. Other customers 
are residential, rural, and commercial users, and munici
palities. 

Area in the Rocky Mountain region where large-scale 
mining dewlopments haYe taken place ha,·e the highest 
a\·erage annual load requirement per capita. The gen
eral lack of such de,·elopment in the upper basin area 
compared with the Rocky ~fountain region as a whole 
largely accounts for the much lower awra~e annual load 
requirement per capita within the upper ba.<.in. 

Selling price oi electric energy.-The amount of energy 
u~,·d by residential con.~umers depends mainly on the 
selling price of electric cnrrgy. In the upper basin the 
a' erage selling price to residential consumer.;, as taken 

TABLE CXX.l\'.-Elutric e11crp· load requircme11/ ir1 the 
u Ji/it'r basin (/ 9-13) 

:\ \'o'tl~l' 

Tt\hlt\llllll!il l"l1l\1Jb~ 
1HII\i!:d ln·!•i 

~·utc :U'~·a 
)tljli \ ~\\ :1r~J 1111(\: 

rv., 1! : ' t r, ~ .. : t 
l>t'!'q!!•!f:\ 
!k\\ -1:::>.,'1 

Ct•:orndn •.... ~ ~ ";;)H 
1 tab •.••.••.. __ I. ;,:l\1 
\\'\'(IJ!Iltljl •. ~. :!. 7:!0 
:\t•W :'.h·~i('t.l _____ R. Ztl2 lti:? 

rpper l•llsi!l ~ 2;1S, S7tl, Ol'O ,:!t\3. 47\l I. 174 
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TABLE CXXV.-Electric energy load requirements in the 
Rocky Mountain Region (1943) 

8tate 1 

A , ..... ~e annual 
lon<l requir(Jment 

J)f'r cupitaJ 
(kw.·hrs.) 

----------·--··-----1·-- --

Rocky Mountain Region ............... . 

from reports made by the principal utilities operating 
therein, is 3.5 cents per kilowatt-hour and the average an
nual amount used per customer is approximately 1,000 
kilowatt-hours. 

With resepect to the sale of energy for commercial and 
industrial uses, those utilities operating in the basin whose 
industrial load is a substantial part of the total load, have 
average selling prices ranging from 0.98 to 1.89 cents per 
kilowatt-hour. Other utilities having small industrial 
loads compared with commercial loads reported consid
erably higher averages. 

Power Market Survey and Load Trend 

In making a power market survey and future load esti- ' 
mate for a given area. a knowledge of the area's physical 
characteristics, natural resources, principal economic ac
ti\'ities, population distribution and growth, and other 
related factors is fundamental. Detailed discussions of 
those fartors are included elsewhere in this report. They 
will be discussed in this chapter only to the extent neces
sary to develop the power market survey and to show how · 
they affect the future load estimate. 

The moH important industries in the upper basin are 
livestock raising, farming, and mining. There is prac
tically no manufacturing. Principal power loads are in 
the mining areas. 

The development of the basin's resources, including the 
potential low-cost hydrorlrrtric power, land, water, min
erals, and timber would provide for considerable expan
sion of present industries and the establishment of many 
new industries. Such industrie~ would include mining 
and refining of minerals, production of petroleum from 
oil shale and oil-bearing ~andstone and by hydrogenation 
of coal, production of chemicals, dewlopment of lumber 
ant! related industries, manufacture of pla.~tics, and the 
processing of foods. 
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FuTURE PowER CoNSUMPTION 

The following factors have been considered in estimat
ing the total power load growth in the upper basin to tlte 
year 1980: the past load growth trends, the present status 
as compared with other areas, and economic trends and 
their probable effect on the future power market. .~ 

Estimates of future loads for each class of consumer 
have been made on the assumptions that low-cost power 
will become available, that the population will continue 
to grow at the rate of the past 40 years, that the number of 
farms will increase proportionately, and that the future 
labor force will more nearly resemble the present Na
tional labor force with respect to the distribution of 
workers in industrial classes. 

Residential use.-In 1943 the average amount of 
energy used per residential consumer served by prin
cipal utilities in the upper basin was approximately 1,000 
kilowatt-hours per year. Past records indicate that the 
,average use has been increasing at the rate of about 5 per
tent per year. The average of the Nation for 1943 Wa.'l 

1,060 'kilowatt-hours a year per consumer, and has been 
increasing at a rate of approximately 6 percent per year 
over the past 20 years. 

The amount of electricity used in the home depends 
upon many factors, among them being the cost of elec
trical energy and equipment and the cost of completing 
fuel and equipment for cooking and heating. Develop
ment of the potential hydroelectric power projects in the 
upper basin would make it possible to supply the cus
tomer with low-cost energy. The present average resi
dential rate is over 3 cents per kilowatt-hour. With re
spect to the United States as a whole those States having 
the highest residential use have the lowest rates. Further
more, those same States are among the leading States in 
the amount of hydroelectric power developed. 

Although rates are higher in the upper basin than in 
some other sections of the country, they have been de
creasing in recent years. The production of low-cost 
hydroelectric power will lower rates. 

Electrical manufacturing concerns are carrying on re
search and experimental work to produce a greater variety 
of better and cheaper electrical appliances and equipment 
for use in the home, such as refrigerators, range~, water
heaters, ironers, washers, air-conditioning and house-heat
ing equipment and a host of other conveniences. 

Heating devices, whether used for cooking, water heat
ing, or house heating, are the largest consumers of elec
trical energy in the home. In areas where natural fuels, 
such as coal, oil, gas, or wood, are plentiful and low in 
price, they are used for heating. In the greater part of 
the upper basin exten8i\'e deposits of coal have been and 
will continue to compete with electric energy for home 
heating purposes. 

Various estimates of the future average ann~1al use per 
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residential customer in the United States range from 2,000 
kilowatt-hours by 1960 to 14,000 kilowatt-hours by 1980, 
provided that the heating of homes with electricity is 
then common. Considering the present average con
~umption, cost of energy to the consumer, the ava~lability 
of competing forms of energy, and the length of tlme ex
pected t11 elapse before large-scale hydroelectric develop
ments arc completed, it appears that an average of 3,000 
kilowatt-hours per year for the residential customer in 
the upper basin is a reasonable estimate for 1980. With 
an e~timatcd 91,250 homes, urban and rural nonfarm, in 
the upper basin in 1980, and on the assumption that 95 
percent will be electrified, the total annual residential use 
would be 260,000,000 kilowatt-hours. 

Farm usc.-Farmers have less electricity available for 
n~e than any other class of people, although they need 
electricity not only as a matter of convenience but as a 
neu·ssity on farms and in farm homes. In 1943 the 
Rural Electrification Administration reported that 44 per· 
cent uf the farms in Colorado were electrified, 76 percent 
in Utah, 3·! percent in Wyoming, and 19 percent in New 
:Mexico. These percentages apply to the entire State. 
In the more sparsely settled areas in the upper basin the 
percentages were lower. 

The census data for 1940, compiled by county areas of 
the upper basin, showed that 33 percent of farm dwelling 
units in the Colorado area, 42 percent in the Utah area, 
25 percent in the Wyoming area, 11 percent in the New 
:Mexico area, and 32 percent in the entire upper basin 
had electric lighting. Of the 27,402 n1ral farm dwelling 
units in the four State basin areas, only 8, 7 41 had electric 
lighting equipment. 

Expansion in rural electrical service in postwar years 
is to be expected. The Rural Electrification Administra
tion ha~ plans for an extensive program. Utilities also 
are preparing to build more rural extensions as soon as 
materials become available. 

Data on present power use by farms are generally lack
ing as most utilities do not maintain a separate classifica
tion for sale of power to farms. An indication of aYerage 
farm use, however, may be obtained from rural sales data 
where available. In west central Colorado the avrrage 
rural sales including home, commercial, and rural power 
uses amounted to 875 kilowatt-hours per customer in1939 
and 1,083 kilowatt-hours in 19+3, an average rate of in
crea~e to 5.9 pcr,~ent per year. The 11 systems financed 
by the Rural Elrctrification Adntinistratinn supplied an 
ave;age of 728 kilowatt-hours per customer annually in the 
basm area. 

Electricity is used on the farm and in the farm home 
for l.ighting, refrigeration, cooking, w;1!t'r SUJ1IJ!y, water 
hcatmrr t 'I' · .I .' . ~. . ., s en Izmg, anu to operate l1ntbeds, brooders, 
miikmg machines, and other rquipmcnt, depending on 
the type of farm. As the co~t of energy ;md equipmmt 
becomes lower thr farmer will usc more dertririty. 
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It is estimated that by 1980 the average annual use per 
farm in the upper basin will amount to 5,000 kilowatt
hours, and that the number of farms will be increased to 
42,500. On the a~sumption that 85 percent of the total 
number of farms will be electrified, the total farm use will 
amount to 180,000,000 kilowatt-hours annually. 

Commercial use.-Since commercial and industrial· 
sales data have been combined in utility reports, separate 
data on commercial use are not available. Types of 
commercial enterprises using electricity include wholesale 
and retail trade; finance, insurance, and real estate busi
nesses; business and repair services; personal services 
(hotels, lodging houses, etc.) ; amusement, recreation, and 
related types of businesses; professional and related serv
ices; Government (local, State, Federal) ; and transporta
tion, communication, and other public utilities. 

One method of estimating the commercial load is to 
determine the average use of energy per employee engaged 
in the above enterprises. A survey made by the Federal 
Power Commission in 1941 of a number of establishments 
in Washington, D. C., showed that the average use per 
worker was 2,700 kilowatt-hours per year, excluding air 
conditioning. Future requirements for lighting and air 
conditioning of offices, hotels, stores, restaurants and other 
establishments will undoubtedly be much higher than 
at present. Low-cost electricity will make electric cook
ing devices attractive for hotels, restaurants, and other 
places. For the upper basin area, it is estimated that by 
1980 the average annual commercial energy use per 
worker will be 3,000 kilowatt-hours and the total energy 
use will amount to 271,000,000 kilowatt-hours annually. 

Mining use.-Little has been done to develop the vast 
mineral resources in the upper ba:-in. Geologists, min
eralogist~, a1.d others interested the subject daim that 
presently worked mineral deposits in some areas are rapidly 
becoming depleted and new sources of supply will be re~ 
quired within a few years. As an example, known petro
leum reserves are estimated to be sufficient for only 
15 years at the 1940 rate of consumption. The exhaus
tion of the high-grade iron orcs at :Mesabi, Minnesota, 
now threatening, may have important effects on the west
ern iron and steel industry. 

Among the more important possibilities for dewloping 
reserves of minerals are the production of petroleum from 
coal, oil shale, and oil santlstonc; production of fertiliLer 
from phosphate rock and potash bearing minerals; and 
producticn of l'hcmicals from coal. 

Large amount.~ of power are used by the mining indus
try, particularly since the mechaniLation of mining has 
been increasing. In 1940 the awr.1ge amount of energy 
used in the United States in all mining operations was ap
proximately I 0,000 kilowatt-hours per workt•r. New 
mining entcrpri~es that will be l.kn~loped in the uppcr 
basin will be more highly mcch:mized, thus requiring 
much mnre energy per workl'r than is presently used. It 
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is estimated that by 1980 the use per worker will average 
at least 20,000 kilowatt-hours annually, and with a total 
of 21,400 workers the mining industry in the upper basin 
will use 428,000,000 kilowatt-hours per year. 

Manufacturing use.-As resources are developed new 
manufacturing plants to process and refine the raw ma
terials from the farms and mines will arise in the basin. 
They will include food-processing plants, smelters, refin
eries, and chemical works, most of which require large 
quantities of electric power in their operation. An aver
age use of 15,000 kilowatt-hours per worker a year by 1980 
is a conservative estimate. With a total of 21,400 work
ers, manufacturing will use 321,000,000 kilowatt-hours 
annually. 

Transportation use.-No railways in the upper basin 
are electrified at present. The electrification of sections 
of the following main-line railroads has been considered: 
the Denver and Salt Lake Railway over the Rocky Moun
tains from Denver to Bond, Colo. The Denver and Rio 
Grande Western Railroad from Ogden to Helper, Utah; 
the Union Palific Railroad from Cheyenne to Granger, 
Wyo., and on into Ogden, Utah; and the Oregon Short 
Line from Granger to Pocatello, Idaho. The estimated 
annual energy use or electrification of these railroad 
sections located in the upper basin will amount to 180,-
000,000 kilowatt-hours. 

Progress in railway electrification will depend upon 
many factors, including the financial condition of the op
erating companies, new developments in the design of 
locomotives, and cost of power, as well as future volume of 
travel. The Diesel locomotive may not be used exten
sively in the future if petroleum supplies are conserved 
for other purposes. The gas-turbine locomotive is still in 
the experimental stage. Because of the higher speed and 
smoke-free operation of electric locomotives, it is possible 
that at least some of the exi.~ting lines will be electrified and 
possibly new ones constructed. It is estimated that by 
1 ?SO transportation facilities will consume 180,000,000 
kilowatt-hours annually. · 

EsTIMATED FuTURE LoAD SuMMARY 

Future loads for each class of consumer in the upper 
basin are estimated as follows: , 

Class o( consumer: ResidentiaL __________________________ _ 

Farm ---------------------------------

~@~~~~i~~~=;;;;~~;;;;~;;~;~~;;;;;;;; 

Jl:•tirnated 

I ~;~~'.1::/i.~:::) 
260, 000, 000 
180, ooo, 000 
271, uno, ooo 
4 26, 000, 000 
321,000,000 
180, 000, 000 

Total con•umption ________ ~----------- 1, 640, 000, 000 
Lossrs and utility use _______ .:__________ 245, 000, 000 

Total load rcquirement•-----------------1, 885,-000, 000 
M.txJtnum demand at 65 p•·rcent annual 

load factor _______________________ 330,000 kilowatts 
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The trend of estimated future load growth is shown on 
figure 14. The following tables summarizing future load 
growth indicates an a\'erage annual compound rate of 
increase of 5.9 percent per year as compared with the 
past 20-year National average annual rate of increase of 
7.2 percent. The per capita requirements in the Upper 
Basin for 1980 thus would be approximately 3,500 kilo
watt-hours per year, as compared with the present average· 
of 1,174 kilowatt-hours per year. 

TABLE cx:x.vi.-Estimated load growth in the upper basin 

Estimated annual en0rgy re'luJrements (kilowatt-hours) 

Year Load incre!IS<I 

Total 
Increment for 10 Accumul•tlve 

years (to~:al) 

1943._ _______ 239, 000, 000 ________ ,.._,.._,. .. .... .,. -----------1950 _________ 360, 000, 000 1 121, 000, 000 1 121, 000, 000 1960 _________ 695, 000, 000 335, 000, 000 456, 000, 000 1970 _________ I, 215, 000, 000 520, 000, 000 976, 000, 000 1980 _________ I, 885, 000, 000 670, 000, 000 1, 646, 000, 000 

' For 7 y•ars. 

Potential Power Development 

PowER PLANTS 

Included in the potential multiple-purpose projects for 
the upper basin are a number of developments that will 
produce hydroelectric power and enegry. These devel
opments include 29 power plants which would have a 
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total iru,talkd capadty of l,i 13,000 kilowatts and an 
annual finn production of O\·e~ 9 billion kilowatt-hours 
cJ clemic energY. Plant capacities would range from 
1.500 ki!ol'tatts to 40U.000 kilowatts. 

Pnt.-mial power plants in the Vpper Colorado River 
:Gz~in ~·ore listed in table C"X..XVII which gives the stream 
location. project, installed capacity, and the annual firm 
gcncr~tion of each plant. 

TF .. :--;s~nssiO:S Svs1 EM 

The sites of the potential power plants in the upper 
L:J..~in are located away from princjpalload centers. In . 
0rder to make p0wer a\'ailable to load area!', the plants 
would be connected with tram.mi.&,ion lines to form an 
intercor.nccted power S)"!'tem. This system would be 
connected to systems in other basins. S4ch a system 
would pem1it maximum flexibility of operation and ma..x
imun utilization of available water. Tcntati,·e locations 
of principal transmission lines are sho\m on the map en
tit!c·d, "Colorado River Basin, Principal Power Systems, 
h!.<.ting and Potential," included in an appendi.x of this 
report. 

The total col-t of the upper ba..«in potential transmis
sion line5, terminal substations, and intermediate switch-
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ing and transformation facilities is estimated, on the ba<is 
of 1940 prices, at $171 ,000,000. 

Steam-electric generating equipment may be desirable 
as a supplementary source of power and for stand-by, 
firming up, or peaking purposes on the hydroelectric sys
tem; in some cases steam-electric capacity may be needed 
to supply power for construction purposes. 

CosT AtLocAnoxs 

Cost allocations ha\"e not been included in this report 
because further in\·estigations v.ill be nece&ary in order 
to obtain sufficient data to e,·aJuate properly the multiple 
benefits." Although the cost of producing power has not 
ao: yet been definitely determined, it is belieYed the produc
tion cost will permit the sale of hydroelectric power at 
such low rates as to enable industrial establishments, com
munities, rural users, and others to make liberal IL"f of 
electric energy. 

Summar)' 

Hydroelectric power is one of the most important re
sources of the upper basin. Only a small part of the 

TABLE CXXVII.-Potential hydroelatric po;.ar plants in upper basin 1 

R;wr t~~<.<in and"'"'"..,. plant 
In:'! Jiru An~u:!l firm 

1 rnpat·ny £:t·nt·r:.~!l·. r. 
(kJo .. attsl (kil<J~·~tt·hour,) 

------------------·!-------------------:------------------· 
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pnwn mourn's has been developed. Full development 
of these power resources would result in an energy produc
tion equiYalent to 6 percent of the Nation's power needs 
in 19-Hl. Large-scale hydroelectric power developments 
would have far-reaching effect~ on the economic future 
of the upper basin and in adjoining areas. From an 
economic standpoint, the upper basin is one of the least 
developed regions in the United States. Future growth 
will depend upon development of the basin's agricultural 
and mineral resourct:s, which will result in the expansion 
of existing industries and the creation of new ones. 

A prerequisite for industrial growth in any area is the _ 
availability of a sufficient amount of low-cost electric 
power. .Many attractive power sites exist on the streams 
in the upper basin and can be developed by construction 
of the multiple-purpose projects outlined in the previous 
chapter. With the construction of power plants and 
transmission lines, electric service can be provided to prac
tically all parts of the basin and to many places outside of 
the basin. The availability of large quantities of low-cost 
hydroelectric energy will be an important factor in the 
establishment of new mining, manufacturing, and agri
cultural industries, all of which need eleCtric power for the 
efficient operation required in modem industrial 
competition. 

Power developments in the upper basin, including 
present and potential generating capacity (name-plate 
rating) and output, and load forecasts are summarized 
as follows: 

l'rec;ent installed general ing ca
parity: 

Ilydroelectric •.••. _. __ ••• ___ _ 
Fuel-burning_. ____ •.• __ • ___ . 

Kilowatts Kilowatt-hours 

57, 217 
43, 865 

TotaL_ ______ ------------· 101,082 ------·-···---
Pr~sent load requirements (1943). _ 52, 404 238, 870, 000 
Poteutial installed !/:Cllerating ca-

pacity, hydroelectric_ ••••• _____ 1, 713, 000 ••• _. ________ . 
Pott•ntial firm output _____________ ---------- 9, 241, 000, 000 
E~timated load requirem~>nt.s 

lt9SUL __________________ •• . 330,000 I, 885,000,000 
E,l imated increa"e iu load req~ire~ 
'llll'lll< (19-13-80).______________ 277,596 1,646, 130,000 

E:ltmmtcd en<>fgy av&ilaLle for ex-
port (1980). ___________________ •••••••••• 7,594, 870,000 

The capacity of potential hydroelectric plants in the 
upper basin is greatly in excess of the upper basin's esti: 
m~ted power load by 1980. Studies of power needs in 
netghboring basins, however, indicate that their loads by 
1980 will far exceed their possible hydroelectric develop· 
ments. Power developments in the upper basin can be 
u~cd in part to supply loads in areas outside the basin, 
including the Bonneville Basin (Salt Lake area), and the 
lower basin power area. Some power could also be 
supplied to western areas of the 1\lissouri River and the 
Rio Grande Basins, and the extn·me southeastern portion 

·-·-
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of the Columbia River Basin, if needed. In the power 
area of the lower basin annual deficiencies are estimated 
at 5 billion kilowatt-hours by 1970 and 9 billion by 1980, 
over and above the possible output of all present facilities, ' 
including those authorized and planned, and potential 
hydroelectric developments in the lower basin. 

LOWER BASIN 

A vast reservoir of potential hydroelectric power in the 
Lower Colorado River Basin awaits development. Only 
minor steps had been taken toward full development of 
this natural power resource until the construction of 
Boulder Canyon and Parker Dam projects, which com
pleted two links in a chain of dams and power plants to 
harness the waters of the Colorado River and provide 
large quantities of low-cost power to meet urgent and 
growing demands in Arizona, southern California, and 
southern 1\evada. Now low-cost electrical energy from 
these two ~ou.rces is pouring into industrial plants, pump
ing plants, and municipalities of the region. In 1943 in
stalled generating capacity, including additional units 
planned and authorized projects, in the lower basin 
power _area was 3 million kilowatts, of which about 2 
million kilowatts were in hydroelectric plants, yet a power 
shortage existed. 

De\ clopment of the potential multiple-purpose projects 
in the lower basin would make aYailable an additional 
1,900,000 kilowatts of installed C;lp.,c:ity. It is estimated 
that by 1960 the demands for pow,•r will exceed the out
put from all existing, authorized, ;Utd potential plants. 

Potential power development:> described herein indi
cate hydroelectric possibilities of the Lower Basin. Early 
construction of some of these plant:- is urgently needed to 
avoid power shortages and consequent curtailment of 
economic development. Cost allocations have not been 
included, but will be considered in later special project 
reports. 

Power Area 

For the purpose of this report the lower basin power 
area includes the drainage basin of the Colorado River 
below Lee Ferry, the Salton Sea Basin, and the Pacific 
coastal area south of the Tehachapi Mountain Range. 
Some sections of this power area are now being supplied 
wholly and other sections in part by the power plants 
located in the Lower Basin. 

This power area is divided for discussion into five divi
sions; (I) Arizona-entire State; (2) southern Cali
fornia-San Diego, Imperial, Riverside, Orange, San 
Bernardino, Los Angeles, and Ventura Counties, and part 
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0{ Santa Barbara County; ( 3) southern Nevada-Clark 
and Lincoln Counties; ( 4) Utah-that part included in 
the lower basin in Washington, Kane, and Iron Coun
ties; and ( 5) the part of New ~exico included in the 
lower basin in McKinley, Valencia, Catron, Grant, and 
Hidalgo Counties. 

Present Power Development 

Present power development and utilization vary con
~iderably throughout the area. Much electricity i.~ used 
in the thickly populated metropolitan areas. Extensive 
power de,·elopments in or feeding into these areas include 
both hydroelectric and fuel-burning plants. In the re
maining expansive but sparsely populated parts ,of the 
area most power loads are stnall and widely scattered. 
Many communities are served by small isolated power 
systems or loca1 power plants, chiefly of the fud-burning 
type. Some of the present generating and transmission 
facilities in the power area rapidly are becoming obsolete 
and ate neither adequate nor properly designed for full 
coordination of operation. In addition energy is now 
being generated at three different frequencies, and trans
mitted at various voltage.<;. 

Construction of Boulder and Parker power plants and 
high-voltage transmission lines from these plants to major 
load centers in central Arizona and southern California 
has made it possible to deliver large blocl.s of low-cost 
power and energy to distant load centers. TheSf develop~ 
ments together with a comparatively small amount of 
modern equipment in several local systems con~titute the 
pr<>sent electrical development within the basin which is 
suitable for supplying economically substantial quantities 
of power. ' 

In 1943 the total installed capacity of the generating 
units in the principal power plants, both hydro and fucl
burning typ<·s, within the power area, exclusive of author
it.ed projects, was about 2.5 million kilowatts. (This in
duded one 82,500-kilowatt unit being installed in Boulder 
Dam power plant in 194 3). Interconnections with 
plants out~idc the area made available to the area app~oxi
matdy 0.4 million kilowatts of additional capacity, thus 
brin~o:ing the total installed capacity a\'ailable to the area 
in 1943 to 2.9 million kilowatts. It is estimated that of 
this total capacity only about 2.5 million kilowatts were 
cht.~scd as dependable rapacity a\'ailablc at all times to 
supply 10ystcrn loads and reserve requirements in the area. 
Additional units which have bren authorized and planned 
?ut whirh ha\'e not as yet brcn installed in the area will 
mm·ast the capal'ity by ahout 0.6 million kilowatts. 

Total dt:ctric cnt•rgy consumt•d in the power area in 
1943 was in excc~s of II billinn kilnwatt-houl1>. This 
large amount uf t'llergy had bcm generated by operating 
many of the plants at or nt•ar maximum capacity for ex· 
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tended periods because of war demands. Normal opera
tion will permit shut down of the less efficient fuel plants 
and operation of the more efficient ones for peaking and 
stand-by service. This is important because of the grow
ing necessity to conserve the diminishing oil supply and to 
reserve the natural gas fields for long-time domestic and 
industrial requirements. · 

Although power deficiency in the power .area was 
rather critical during the year 1943 owing to the tre
mendous war load, it has eased considerably since that 
time. With war demands lessened and the production of 
magnesium, aluminum, and certain other war products 
curtailed, the rapid rate of load growth is slackening. 
With further reduction in war industries and with the 
installation of new generating capacity now under con
struction or authorized, available power supply will be 
sufficient to meet estimated normal load requirements in 
the immediate future. 

PowER FACILITIES 

Present power facilities in the power area are discussed 
by States, except for the major power developments on 
the lower Colorado Ri\,er, which are considered separately 
as they involve distribution of large quantities of power 
and energy to two or more States. 

Lower Colorado Rh•er p/ants.-Construction of Boul
der Dam power plant by the Bureau of Reclamation was 
begun in 1931 and the first of the main generating units 
was placed in service in 1936. The power plant is de
signed for an ultimate installed capacity of 1,317,500 
kilowatts pro\'ided by fifteen 82,500~kilowatt and two 40,-
000-kilowatt generating units. The installation of one 
82,500-kilow;.,.tt unit completed in 1944, brings the present· 
installed capacity to 1 ,030,000 kilowatts. Lake ~lead 
has a maximum storage capacity in excess of 32 million • 
acre-feet of water. The great amount of generating ca
pacity installed in the power plant, together with the 
tremendous storage of water, pro\'ides the flexibility of 
operation needed to meet daily, monthly, and seasonal 
fluctuations in electrical load. Moreover, this vast stor
age will be useful in coordinating the operation of many 
present and potential plants in the power area. The firm 
energy output of the Boulder Dam power plant was estab
lished at 4,330,000,000 kilowatt-hours for the year of 
operation ending ~lay 31, 193 8, and thereafter reduced 
by 8,760,000 kilowatt-hours annually as an average ad
justment for upstream depletions. Total generation, firm 
and secondary, for the calendar year I9·B was 5, 727,906,-
714 kilowatt-hours, and was ncar that same amount in 
19H. 

Parker Dam j1ou·a pf,ml is located on the Colorado 
Riva 155 miles by ri\'n downstream from Boulder D.un, 
just bdow the rontlurnce of the Williams and Colorado 
Ri\'ers. Parka Dam was ori&>inally constructed as head-
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DOWNTOWN LOS Al~GELES 
Boulder Dam power lights cities and homes 

GOODYEAR TIRE Al\D RUBBLR C0~1PANY, LOS ANGELES 
This plant uses Colorado Riuer P••wcr and water 
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works for the Colorado River aqueduct of the Metro· 
politan Water District of Southern California, but later 
provision for construction of a power plant was made. 
The Bureau of Reclamation rushed the construction of 
the Parker Dam power plant in order to relieve a severe 
shortage of power in Phoenix, Ariz., and to furnish power 
for pumping on the Gila irrigation project i~ southwestern 
Arizona. By June 1943 the 120,000-k!lowatt power 
plant was completed with four units in operation. This 
was years ahead of schedule. Power produced at this 
plant is delivered by means of high-tension transmission 
lines to load centers at Phoenix, Tucson, and Yuma, Ariz. 
These lines also connect with. the Imperial irrigation dis
trict lines in Imperial Valley, Calif. Havasu Lake, the 
reservoir formed by Parker Dam, has a storage capacity of 
716,000 acre-feet and makes available a ma.Ximum head 
of 75 feet. During the period June 1, 1943, to May 31, 
1944, the Parker Dam power plant generated a total of 
firm and seconda,ry energy of 781,642,000 kilowatt-hours. 
It is estimated that the plant can produce an average of 
about 500,000,000 kilowatt-hours of energy a year on a 
firm power basis. 

Approximately 67 miles downstream from Boulder 
Dam and about 88 miles upstream from Parker Dam is 
the site of Davis Dani power plant. The Davis Dam 
project was authorized by the Congress and a contract 
for construction was awarded by the Bureau of Reclama-· 
tion in June 1942; however, the War Production Board 
later iss1,1ed a revocation and the contract was terminated 
in February 1943, with very little work having been ac
Ct?mplished. This action was considered necessary be
cause of shortages of critical materials and manpower. 
Although the additional energy that Davis power plant 
would have generated was urgently needed, the length of 
time necessary to complete construction did not warrant 
continuance of the project during the war emergency. 
Construction will be resumed as soon as practicable. The 
reservoir will have an active storage capacity of 1 ,600,000 
acre-feet and will back water up to the tailrace of the 
Boulder Dam power plant. The Davis Dam power plant 
will utilize the 140-foot head made a\'ailable and will have 
an ultimate installed capacity of 225,000 kilowatts. 
Transmission lines will connect with Parker Dam power 
plant and with the power area transmission grid. The 
initial firm energy that the Davis Dam power plant can 
generate is estimated at 800 million kilowatt-hours an
nually. It L~ expected that future upstream developments 
and othrr factors affecting stream flow will reduce the 
amount of water available to the extent that the firm 
en.cr.gy w.ill be reduced ultimately to approximately 600 
D11lhon ktlowatt-hours annually. 

Existing hydroelectric plants not located on the river 
but utilizing ?olorado River water diwrtrd at Imperial 
Dan1 and delivered by the AU-American Canal include 
the 1,600-kilowatt Siphon Drop power plant of the Yun1a 
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irrigation project, Arizona, and Drop No. 3 and No. 4 
plants of the Imperial irrigation district, California. Ad
ditional plants planned for in the building of the All
Atnerican Canal but not yet constructed include plants 
at Canal Drops No.2 and No.5, and at Pilot Knob; 

Ari.:ona.-The Bureau of Reclamation by virtue of its 
Boulder Dam and Parker Dam power plants is the largest 
producer of electrical energy in the State. Other prin
cipal agencies, exclusive of mining companies, contribut~ 
ing to the power supply are the Salt River Valley Water 
Users' Association; Central Arizona Light & Power Co.; 
the Tucson Gas, Electric Light & Power Co. j Arizona 
Power Corp.; Arizona Edison Co.; and Office of Indian 
Affairs (San Carlos project). 

A number of mining companies· produce electricity for 
their own use and a few'of them generate some energy for 
public consumption. Only about one-fourth of the total 
generating capacity in the State exclusive of Colorado 
River plants of the Bureau of Reclamation is hydroelectric. 

Transmission systems of the State are entirely inade
quate to meet the requirements of the rapidly growing 
electric power load. Two generating frequencies, 25 and 
60 cycles, and many transmission voltages are now used. 
Interconnections between systems are inadequate and 
some smaller systems are completely isolated. Initial · 
steps have been taken toward rectification of these condi
tions. Since 1940 the Bureau of Reclamation has con
structed transmission lines that connect Parker Dam 
power plant with Phoeni.x, Tucson, and Yuma, and an 
interconnection has been made through lines of the :Metro
politan Water District · of Southern Calif<M"nia with 
Boulder Dam power plant. 

Southern California.-The power area in southern Cal
ifornia is supplied principally by the following agencies: 
Southern California Edison Co., Ltd.; California Electric 
Power Co.; city of Los Angeles Department of Water and 
Power; city of Burbank; city of Glendale; city of Pasa
dena; 1\letropolitan \Vater District of Southern Cali
fornia; San Diego Gas & Electric Co.; California-Pacific 
Utilities Co.; and Imperial irrigation district. 

Most of the power systems of these organizations are 
interconnected, although some of the ties are not of ade
quate capacity for the desired integration of operation. 
A substantial connection with a capacity of 157,000 kilo
watts is maintained between the Southern California Edi
son Co., Ltd., and the Pacific Gas & Electric Co., the 
principal generating agency in the central part of the 
State. The largest amount of power a\'ailable to the area 
comes over eight transmis.~ion lines from Boulder Dam 
power plant. Three lines are operated lJy the city of Los 
Angeles, two lines are operated by the Southern California 
Edison Co., and one line by each of the following 
agencies: the California Electric Power Co., the ~Ietro
politan \\' ater District Q{ Soutlwrn California, and the 
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California-Pacific Utilities Co. · Power is also available 
from plants owned by Southern California Edison Co., 
Ltd., city of Los Angeles Department of Water and Power, 
and California Electric Power Co. located outside of the 
power area. 

Southern Net•ada.-Clark and Lincoln Counties are 
almost entirely dependent for their power supply upon 
Boulder Dam and Parker Dam power plants. The oper
ating a~encies for this region are: Southern Nevada 
Power Co., Lincoln County Power District, California
Pacific Utilities Corp., and United States (Boulder City). 

The power demand for operation of the reduction plant 
of Basic Magnesium, Inc., reached about 200,000 kilo~ 
watts during periods of peak production, but by the end 
of 1944 the demand decreased owing to curtailed opera
tions in this war plant. 

Present power requirements in this area, exclusive of 
the magnesium plant and town site, are about 41,000 
kilowatts. Transmission lines of sufficient capacity for 
the present load extend from Boulder Dam power plant 
to load centers. 

Utah.-E!ectric service is supplied in the Utah area by 
the Southern Utah Power Co. and the St. George munic
ipal plant. A total of 4,569 kilowatts of generating ca
pacity is installed in the area, 3,440 kilowatts hydro and 
1,129 kilowatts internal combustion. 

New M exico.-Gallup, N. Mex., operates a municipal 
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distribution system and purchases its electric energy re
quirements from a nearby coal mining company which 
operates a 4,000 kilowatt steam-electric plant. 
· Summary.-A summary of the present power generat· 

ing facilities in the power area of the Lower Colorado 
River Basin is given in table CXXVIII. Total capacity 
includes units installed, under construction, authorized, or 
for which installation has been definitely planned in the 
construction of existing projects. It is estimated that 
these facilities can produce approximately II billion kilo
watt-hours of energy annually. 

ENERGY PRonucTIO~ CosTs 

The average expense of power production in 1940 re
ported by the Federal Power Commission for five leading 
private utilities in Arizona, exclusive of taxes, deprecia
tion, and allowance for return on investments, was 4.13 
mills per kilowatt-hour. The addition of taxes and de-. 
predation on production plants brings this average up to 
a little more than 6 mills per kilowatt-hour. The average 
cost of power purchased by these agencies during the same 
period was over 8 mills per kilowatt-hour. Energy is 
produced by fuel-burning plants at relatively high costs 
throughout most of the power area. Small plants and 
isolated plants, in general, produce power at very high 
costs. Boulder Dam and Parker Dam power plants are 

TABLE CXXVIII.-Installed generating capacity in the lower basin power area (1943) 

Oimeratlng capacitY (kilowatts) 

Division area ownelllblp Present Installed 

Hydro Steam 

Lower Colorado River: Publicly owned .. _ •. ___ I 1, 151, 600 0 

Arizona: 

~~bu~f~Yo~~~~:: :~ ::~ ::::: ::~=~ :::::::: 7, 040 224,567 
80, 950 22,500 

SubtotaL •• __ ..•• ____ •• ____ • ___ . __ ._._ 87,990 247,067 

Southern California: 

~~ibll~iloC:~~~:: ~::: ~::: :::::: :~ ::~~: :: 11, 870 509, 000 
124, 225 282,500 -SubtotaL ••.. __ .... ____ ··---···------- 136,095 791,500 

Utah: 
~rivately owned •••.•..•..••..••. _ .•..••• 2, 890 0 

ublicly owned .•••••• __ .••.••....•••••.. 550 0 
-----

Subtotal. ••..•.• _ ...• _._ .. _ .• _ ........ 3, 440 0 

New :Mexico: Privately owned .• _ ... __ •... _ •. _ 0 4, 000 

Lower BIISiu: 

~~:!~~~~;Yo~~~~~::::::::::::::::::::::::: 21,800 737, 5fl7 
1, 357,32.5 30.;, 000 

TotaL ••.....•....•... _ ... ~ ....• _ .. __ . I, 379, 125 1, 042, 507 

'Includes one S2,.'100-kilowntt unll ol the Boul·h·t Dsm plant placed In operation In Ill«. 

700<llil-46--14 

Inwrnal Total combustion 

0 1, 151, 600 

40,180 271, 787 
15,492 ll8, 942 

55,672 390, 729 

31,084 551,9.14 
12,000 418, 725 

43, 084 970, 679 

329 3, 219 
800 1, 350 

1,129 4, 569 

0 4, 000 

71,593 830, 960 
28,2112 1, 6!10, 617 

99, 885 2, 5:ll, 577 

Authorized or Totnlinstulled, 
planned (bydro) authorize~ or 

planoec: 

516, 500 1, 668, 100 
-

0 271, 787 
0 118, 942 

0 390, 729 

0 551, 954 
64,000 482, 725 

64,000 1, 034,679 

0 3, 219 
0 1, 350 

0 4, 569 

0 4, 000 

0 830, 01\0 
580,500 2, 271, 117 

580, 500 3, 102, 077 
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. 1 c quantities of energy at much lower cost. generatmg arg 0 • • f h 
A market is now available for still larger quantities o sue 
low-cost energy. 

fuEL S-cPPLY FOR GENERATION OF ELECTRICITY 

OJ and natural gas are the principal fuels utilized in 
fuel-burning e!tctric generating plants in the area. The 
. . h"< caused a heavv cb·ain on these natural resources. 

\\ ar ""' 1 
• alii · h Above ground reserve supplies of oil m C orma. ave 

been greatly depleted even with an increased produc~on ~f 
crude oil. ~I any steam-electric plants normally usmg o.ll 
for fuel have been converted to utilize natural gas .. It rs 
C'\ident, however, that the known sour.ces o! both ?11 and 
natural ga~ in the region will not contmue mdefinitely to 
supply these fuels at the present rate of con:umptlon. 
Unless extcn~\'e new resen·es of these fuels are diScovered, 
it is certain that their use for generation of electricity will 

· be sharply curtailed in a very few years. ~ increase ~n 
the cost of proJucing electricity in fuel-burnmg plants m 
the near future is anticipated. If coal were to replace 
present fuels, it would have to be transported for long dJ.s.. 
tances, probably from rri.ines in Utah, as there are no 
known extensive coal deposits in the area. 

A number of fuel-burning plants may be retired in the 
future because of their obsolescence and the high cost of 
fuel. It is anticipated that the larger and more efficient 
plants will continue to be used for peaking and stand-by 
purposes. Minimum generating capacity which should 
be held in reserve to meet probable emergency require
ments of the present power systems in the power area is 
comidered to be about 300,000 kilowatts. A substantial 
amount of capacity in fuel-burning plants is required for 
such stand-by when hydroelectric energy must be trans
mitted long distances over tran~mission lines, as is the 
case in this power area. Energy generation by fuel-burn
ing plants, however, will be reduced appreciably as the 
supply of low-cost hydroclectric energy increases, 

• POWER UTILIZATION 

Electrical energy requirements (sales plus losses and 
utility use) in the power area of the lower basin during the 
year 1943 were a little more than 11 billion kilowatt-hours 
with a corresponding peak-load demand of about 2, 1'00,-
000 kilowatts. Approximately 95 percent of the area's 
1943 energy requirements was generated within the area, 
while ahuut 5 percent was imported. Annual energy re
quirements had increased over 4.5 billion kilowatt-hours 
from 1940 to 19H. :Much of this increase rt'sulted from 
the great expansion of war indlliitries. Increasing 
amounts of power and energy wcrr also required in agri
culture for farm use and irrigation pumping, in mining. 
and in many other sen·ice and trade industries. 

THE COLORADO RIVER 

The following tabulation shows the total energy rcquir~
ments and the requirements per capita in the lower basm 
power area. 

TABLE CXX.lX.-Electric energy load requirements in the 
lowr basin pou:er area (1943) 

Dh·lsionaroa 
I I I a:n:e:J'{c!,d 
. Total annual load 1 1 Population 1 1 IWJUire-

(ltilowatt·hoursJ I ~f~1 rrffo-
1 I watt-hours) 
I I 

Arizona________________ 1, 206,324, OOOI 578, 756! 
Southern California______ 8, 506, 391, 000 3, 98?, 847

1 

Southern Nevada ________ a 1, 445,009, oouo\ 41.Jl, 8020301 
l "th 9300001 , 1 , a -----.-------------- 7' ooo' ooo· 31,870 

2, 084 
2, 134 

31, 534 
846 
220 

Now ""'"· .••• · • • • • ··1 • ' 1 I 

Lower Basin area ____ a 11, 17 4, 024, OOOj 4, 654, 2961 2, 400 

1 Fx~lusiv~ of en•rgy eenerated by Industrial concerns lor their u~. 
1 E01imnted ~1viliun Jiopulation lly B~~~u of Ce~~~~'f:B~i~~1~sium tnc. 
I Includes l,Jl5,2ol,OW ltllowatt.bours IUQU reqwre e • • 

The average annual energy requirement per capi~a for 
the United States, comparable to the figures shown m the 
above table, is 1,677 kilowatt-hours. 

SELLING PRICE OF ELECTRICAL ENERGY 

Domestic requirements comprise a large portion ?f the 
electrical load and were rapidly increasing even pnor to 
the war period. About 27 percent of the total energy 
sold in 1939 was delivered to residential customers, both 
urban and. rural at an average cost to the consumer of 2.8, 
cents per kilow~tt-hour. Corresponding combined sales 
to commercial and industrial establishments amounts to 
44.7 percent of the total energy sold at an average cost of 
1.6 cents per i-:ilowatt-hour. 

Rates for sale of power and energy vary considerably in 
this power area. Throughout most of the area with ex
ception of the citirs on the west coast, rates ha\'e been 
high. In general, communities receive power ~rom 
Boulder Dam anJ Parker Dam plants at a comparatt\'ely 
low cost and isolated conmmnities still pay wry high prices 
for power from smaller local plants. 

Pou,er Market Survey and Load Trend 

Demand for electric power in the area has increased at 
a rapid rate during the past decade. E\'en prior to the 
stimulating- influence of war conditions a remarkable 
growth was being experienced. Indications are that the 
potential power market in the area will continue to grow 
for many years in the £ uture. With the cessation of hostil
ities, however, it is to be expected that there will be some 
temporary dropping ofT or h~·,·eling of power loads. 

Opp01tunirics exist for greatly expanding agriculture, 
mining, manufacturing. rcrrcatiunal areas, and health 
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centers. The expansion of these industries will increase 
the demand for more low-cost power. 

Since 1900 population has grown much more rapidly 
in the metropolitan areas on the west coast than in other 
parts of the power area. Some sections are very sparsely 
settled. Only 4,650,000 persons were living in the lower 
basin power area in 1943. It has ample room andre
sources to support a population considerably in excess of 
this number and by 1980 it is estimated the population will 
have increased to at least 8,500,000. 

FuTURE PowER CoNSUMPTION 

Residential use.-Domestic utilization of electricity in 
the past has been limited somewhat because of the high 
cost to the consumer and because of the lack of widespread 
knowledge and acceptance of the many services and con
veniences which electricity can provide in the home. An 
increasing demand for more power for domestic use is 
expected in future. The climate throughout most of the 
power area is especially suited to electric heating and air 
conditioning because excessive consumption of electricity 
for these purposes is not required. Also, there is a lack 
of natural fuels, such as coal, oil, gas, and wood in the 
greater part of this area. Refrigeration for food preserva
tion has become a necessity in the modern home. Intro
duction of new type equipment, such as "deep freeze" 
units, and the expansion of the use of present domestic
type refrigerators, stoves, heaters, and washing machines 
would increase greatly the use of electricity in homes. 
Total energy requirements for heating, air conditioning, 
and for other conveniences for an ''all-electric" home 
would be about 14,000 kilowatt-hours annually. If fa
vorable rates for sale of power and energy are made avail
able to practically all communities in the power area 
it is estimated that an average yearly domestic consump
tion of 4,000 kilowatt-hours per home would be reached 
by 1980. • 

Farm use.-The agricultural industry in the area is 
largely dependent on irrigation. Dry farming is of little 
consequence. Any plan for development of the potential 
irrigation projects would necessitate the use of a substan
tial amount of power and energy for irrigation and drain
age pumping. It is also anticipated that farms will 
use additional amounts of electricity under extensive pro· 
grams of rural electrification, possibly reaching an aver· 
age annual consumption of 4,000 kilowatt-hours per 
farm, or 8,000 kilowatt-hours including the farm 
residence. 

Commercial use.-The use of electricity by commercial 
establi:;hmcnts is comparatively high. The long, hot sum· 
mcrs make the usc of air conditioning equipment highly 
desirable in many parts of the area, especially in hotels, 
office buildings, n:~taurants, and in places of public gather
ings. Electricity is used for cooking in many places and is 
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becoming more and more popular every year as better 
appliances and lower rates are made available. With the 
possibility that lower cost energy and better appliances 
and lighting equipment will continue to be made available 
throughout the area a steady and substantial increase in 
the commercial load is foreseen. 

Mining use.-The mining industry has been greatly 
stimulated by the war emergency. Large, important 
underground supplies of minerals, however, remain un
developed in the area. The availability of large amounts 
of low-cost power would help to reduce mining costs and 
would encourage greater use of electricity in the industry. 
Substantial quantities of such cheap power would also be 
used to replace present generation of many fuel-burning 
plants which are owned and operated by mining com
panies. It is anticipated that the future consumption of 
electric energy in the mining industry within the power 
area will average about 1 billion kilowatt-hours annually. 

.Manufa~turing use.-More manufacturing industries 
in the area are needed. Some industries have sprung up 
and expanded greatly under the war impetus but in some 
instances industrial expansion has been limited by the lack 

. of available low-cost electric power. The construction of 
the potential hydroelectric developri:ients would provide 
for broad industrial expansion. Low-cost electric power 
and energy would encourage the processing of agricultural 
products and special metals as well as the production of 
many finished goods that previously have been produced 
in other parts of the country and transported long dis
tances to markets in the area. 

Tra-nsportation use.-Some consideration has been 
given to the possibility of electrification of that section of 
the Atchison, Topeka & Santa Fe Railroad between San 
Bernardino, Calif., and Winslow, Ariz. The increasing 

. scarcity of fuel supply in the region and the availability of 
low-cost power in the future would increase the desirabil
ity of converting this section of main line railroad from 
steam to electric operation. ~lectrification of this section 
would probably consume 300 million kilowatt-hours of 
electric energy annually. 

EsTIMATED FuTURE LoAn SuMMARY 

Future loads for each class of consumer in the lower 
basin power area are estimated as follows: 

E•llmolrd 
IMallnod, 1980 

Class of conmmer: (kilotcalt·hour·sl 

ResidentiaL-------------------------- 8, 000, 000, 000 
Farm-------------------------------- 2, 200, 000, 000 
CommerciaL •••••••••• ---------------- 5, 500,000,000 
Mining·---------·-·----------------- I, 000,000,000 
Manufacturing----------------------- 10,000,000,000 
Transportation-------.---------------- 300, 000, 000 

Total consumption ••• ------------ 27, 000, 000, 000 
Losses and utility use-------------------- 3, 000, 000, 000 

Total load requirero~nt•----------- 30, 000, 000, 000 
Maximum demand, 5,300,!00 kilowatt" 
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Total energy requirements for all purposes in the lo-:ver 
basin power area rose from an average of a?out 350 kilo
watt-hours per capita in 1910 .to approxrrnately 2,400 
kilowatt-hours in 1943. It is anticipated total annual re
quirements will reach at least 3,500 kilowatt-hours per 

person by 1980. . 
An e-timatc of future load growth for the lower basm 

power area is shown in table CX.XX .and figure 15. 
Studies previously made th.ro.ugh exl~rui~e. research by 
the Federal Power Comnussion, by mdmdual power
generating a~encies1 and by State and local pl~nni~g 
boards and commissions have been used as guides m 
preparing this forecast. 

TABLE CXXX.-Estimated load growth in the lower basin 
power area 

Isnmated annual mergy rPquiremeuts (kilo'• utt-bours) 

Load iucrease 

Total 

I 
Inrrem!'llt Aocumulath·e 
lor I(J YtlllS total 

-----1--1-

g~t:=:ll~: n~: &:ro: ~~ ""7;652~000~000- "7;ii52;ooo;ooo 
l91i0 _____ , 20,687,000,000 6, 523,000,000 14,175,000,000 
1!170 ••••. ,25, 9il, 000,000 5, 284,000,000 19,459,000,000 
1980..... 30, 000, 000, 000 4, 029, 000, 000 23, 488, 000, 000 

Potential Power Development 

PowER PLA..'ITS 

Potential generating capacity in the lower basin would 
be concentlo.~.tcd fairly well, as 1,922,000 kilowatts, or 99 
percent of the total capacity of 1,945,400 kilowatts, would 
be installed in three plants located on the main stem of the 
Colorado River between Lee Ferry and Boulder Dam.· 
The remaining capacity, 23,400 kilowatts, would be in
stalled in six small widely separated plants in Arizona, 
Vtah, and 1'\ew Mexico. The locations of the potential 
power plants are shown on the map "Colorado River 
B~in, Principal Power Systerru, ExL~ting and Potential" 
included in the appendix. 

The potential power plants in the Lower Basin would 
have a total fim1 energy grneration of 1 0,~42,000,000 
kilowatt-hours per year. Of this amount 37,000,000 
kilowatt-hours would rrplace loss of generation at the 
Stewart ~fountain hydroelectric plant because of a poten
tial upstream diversion from Salt River. 111c net increase 
in firm generation therdore would be 10,205,000,000 
kilowatt-hours. It is CS'imatcd that the prcsmt power 
de,·cloprncnts, including UlJits operating, unda cun~truc
tion, authorized or planned, can produce about 11 billion 
kilowatt-ho~rs annu.ally. Jhe present and potcllliJ.! 
plants d~cnbcJ hcmn would Qt' capable of a total output 
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FIGrRE 15.-Lower Colorado River Basin, estimated 
trend, electric power load of market area 

of more than 21 billlon kilowatt-hours of firm energy 
annually. 

Potential plants in the Lower Colorado River Basin are 
listed in table CXJLX.I which gives the location by stream, 
project, the installed capacity, and annual firm generation 
of each plant. 

TRAXS!>USSIO~ SYSTEM 

A tentath·e plan for construction of a high voltage 
power transmission grid for the delivery of power and 
energy to principal load centers in the lower basin power 
area is indicated on the map in the appendix. This 
map shows the general location of potential transmis
sion lines wrich would complement the existing lines 
and connect the present and potential major generat
ing plants with the principal load centers and with each 
other. Such a transmission system would permit a high 
degree of coordination in the operation of the power 
plants. This is desirable from the slandpoint of economy 
of power system operation and of conservation· of water 
and fuel resources. Some of the generating plants would 
be located at great distance~ from the load centers. Op
erating characteristics of hydroelectric plants Yary greatly 
becau~e of the iluctuation in water supply and in resen·oir 
releases for irrigation, flood wntrol, and other purposes. 
Under tl1ese conditions an extensi,·e transmission system 
is required to produce a ma.ximum amount of firm power 
and energy and to provide for suppl)ing economically 
lar~e quantities of power and energy to widdy scattered 
load centers. 

111e total c0st of the potential transmi....;:;ion system for 
the lower basin area including transmi..;;sion lines, ter
minal substations, anJ intermediate switching and trans
formation facilities is estimated, on the basis of 1940 
prices, at $195,000,000. 
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TABLE CXXXI.-J:>otential hydroelectric power plants in the lower basin 

River bosln power plant Project River Installed capac- Annual firm ~enera· 
lty (kilowatts) tion (kllowatt·bours) 

Colorado River: 
Marble Canyon---------------- Marble Canyon-Knab Creek ••..••. Colorado ••.•••••••• 
I\anab Creek •••••. _ ... __ • __ ......... do •.•••••• · •••• -- .. --- ..•... -- .•••• do ••••• - •• -- ••• 

22,000 164,000,000 
1, 250, (lOO 6, 570,000,000 

Bridge Canyon ••.• __ ...•. __ .••• Bridge Canyon ••....•.•.•.. _ .... ___ .•••• do ••••••••••••• 650,000 3, 440, 000, 000 
Gila River: 

Buttes._...................... Central Arizona ••...•...•.. ____ ... Gila •••••••. _._ ... _ 5,800 8, 000,000 
Horseshoe .......................... do •....••.. ----.---.......... Verde ••••.• -----.-- I 10,000 I 37, 000, 000 
Hooker •••••.•••••••••. _ ••••...••••• do ••••••.•..•. --. __ ...•••• _.. Gila ••••••.•.•••••. 3,000 8, 000, 000 

Virgin. R~ver: I • • • 

~~~~h-L~k~::: ::::::::::::::::: -~~~J~~~~:::::::: :::::::::::::::: -~~~~~:::::: ::::::: 2, 000 3, 000,000 
800 

Warner Valley._ •• _ ••••••.....•.••.• do ...••.. : ................... --- .. do ............ . 
2, 000,000 

1, 800 10, 000,000 

TotaL ..••• __ •• ·-- •........••...•••...... ___ .. __ • __ . _________ • _ .••••••••••••••• __ _ 11,945, 400 8 10, 242, 000, 000 

1 Would be \ISI'tl to replace loss of genrratlon at Stewart Mountain plant. 
1 In ad•lition to the firm ener~ shown there will be 17,8110.000 kilowstt·bours 

· ~Mwat•d annually to be llS<'d ss replacement lor ener~y now being grnerated at the 
La Verkin plant, project pumping.lllld secondary energy. 

CosT ALLOCATIONS 

Construction of some of the potential power plants in 
the lower basin probably will be needed in the near 
future. Any plan for full development of the water 
resources will require the construction of many multiple
purpose projects. The costs of construction and opera
tion of such multiple-purpos~ projects should, therefore, 
be distributed among the purpo~es served in accordance 
with benefits received. From available information it 
is estirhated that the total cost for production and de
livery of power and energy will permit the sale of large 
quantities of electricity at rates sufficiently low to be very 
attractive to the future growing power market. 

Summary 

Requirements for electric energy by the metropolitan 
areas of southern California, and by people in Arizona 
and southern Nevada, have resulted in the construction 
of large hydroelectric power developments in the lower 
basin power area. The total hydroelectric generating 
capacity now installed, authorized, and planned to be in
stalled in the power area is 1,959,625 kilowatts. Another 
1,14 2,452 kilowatts of capacity are installed in fuel-burn
ing electric generating equipment. Although the present 
power developments in the area are on a very large scale 
and supply -a vast area, the potential hydroelectric de
velopments would double the amount of hydroelectric ca
pacity available to the lower basin power area. The 
greater degree of coordinated generation of the area's 
power plants, present and potential, which will be made 
possible by more extensive interconnecting transmission . 

. lines and better stream flow regulation, will result in a 
higher energy output per kilowatt .of installed capacity 
than is now being obtained. 

'Net lncrPase In installed caP,acity 1,935.400 kilowatts and n•t increase in llllnnlll 
firm generation 10.~5,000,000 kilowatt-hours. 

Load growth in the past has been at a high rate of 
increase from year to year, and the average consumption 
for the area is now well above the national average. In 
view of the expected increases in population throughout 
the area, and the resultant increases anticipated in the de
mand for electricity for use in the home, on the farm, and 
by mining, industrial, commercial, and other users, it is 
estimated that by 1980 the total load requirements of the 
area will be nearly three times the present load require
ments. 

Power developments in the lbwer basin power area, 
including present and potential generating capac!ty 
(nan1d plate rating) and output, and load requirements 
are smhmarized as follows: 

Kilowatts Kilowatt-hours 

Present installed generating 
caparity: 1 

Hydroelectric •••••••••••.•• 1,9ii9, 625--------------
Fuel-burning............... 1, 142, 452 _ •••••••••••••. 

TotaL ••.••. ____________ 3, 102,077 --·------------
Present load requirem!'nt (1943).. 2, 100, 000 11, 174, 024, 000 
Pot!'ntial , instalkd generating 

capacil..l·lllydroelectric ..•••••• 21,935,400 .............. . 
Potential firm output. ..................... 2JO, 205,000,000 
Estimat~d load requirements 

(19~0) .. 1 •• ------------------ 5, 300,000 30,000,000,000 
Estimated \ increa.•e in load re-

quircmentH (1943-80) .•..•.•.•. 3, 200,000 IS, 825,976,000 
Estimated energy deficiency 

(19~>0) •• :: .................. T.. .... ... s, 620, 976, ooo . 

1 Exbt
1
1mr, authorh~~·d, an1i plannr,f lnlltnlll"d <.'8 mt"itv. 

I Exdud.s llor,..,hne plnnt, IO,OHO kilowatts lnstalit•d capaelty, lllld 37,000.000 
kl!owatt-bours output Cor repl&'C•mcnt. 

At the estimated rate of future load growth shown on 
the load trend curve (fig. 15) the load requirements by 
about 1960 will require the entire output of the potential 
plants in the lower basin. The deficiency after 1960 
could be supplied from some of the upper basin potential 
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plants. Althougl:J. su(h energy would h~ve to be tr~
mittcd long distances, it is believed technical advances m 
electrical engineering will make this trarumi.."Sion 
practicable. 

StJ:\1:\L\.RY-COLORADO RIVER BASIN 

Power in the Colorado River Basin has been developed 
in the upptr bas:n on a much smaller ~ale than in the 
lu\• ~"r ba~in mainlv for the reason that a much smaller 
n.arket for power ~ a,·ailable to the upper basin as com
pared lVith the l.:uge metropolitan markets in southern 
California a\·:tilable to the lower basin. The use of power 
i..r1 those metropolitan areas has made possible the great 
dc:Yelormcnts on the lower Colorado River. The only 
city of 0\ er 1 iJ,OOO inhabitan~ in the upper basin is Grand 
Junction, Colo. Development of the vast land, water, 
and rnincral resources in the upper basin area has been on 
a ,·ery srr.;:,ll ~cale ... Present power developments i11 the 
two basm a:eas are summarized for comparison in table 
CXX.'GI. 

Future load requirements in the Colorado River Basin 
and its electric sen~ce areas will grow as the demand in
creases for products from the basin and t_;,e senice areas. 
As more peo?le move we.i>tward to live, the demand for 
western products will increa..o;;e; wants of the millions of 
people living on the west coast will also create an in
crca_--ed market for the products of Western States. These 
new marketing po.."Sibilities will stimulate indmtrial de
velopment throughout the Westenl United States; and 
the Colorado River Basin area will benefit greatly by in
crea:;ed P')pulation, and industrial and economk gro\\th. 
Development of water r~urces on a basin-wide basis, as 
now being planned by the Bureau of Reclamation, will do 
much to stimulate future activities in the basin. 

The future economic growth of the Colorado River 
Basin will depend upon more exteru;ire utilization of the 
basin's land and water resources. Electricity. a product 
of water development, is used by people in all walks of 
life-in homes, on farms, in offices, in mines, :n factories, 
and wherever else they may be. The benefits of large 
amounts of low-cost electric energy accrue to everyone. 

THE COLORADO RIVER 

Industry uses great amounts of electric energy in modem 
practice. The greatest benefit to industry within the 
basin is likely to come from the development of low-cost 
hydroelectric power by the basin's potential power plants. 
The combination of large quantities of low-cost electricity 
with the abundant mineral resources in the basin offers 
untold possibilities. The people of the basin, the Moun
tain and Western States, the Pacific coast, the 1' ation, and 
the world would all benefit. 

~fining and processing of minerals within the basin 
would be greatly stimulated if abundant low-cost power 
were made available. The high cost of electricity and 
undependable sen·ice from the present isolated plants are 
important handicaps to the e.xpansion of mining and proc
essing acti,ities. In the upper basin are vast deposits of 
minerals including phosphates, magnesium, potash, coal, 
and oil shales; while in the lower basin are reserves of 
copper, gold, silver and zinc, along with other metals and 
nonmetallic minerals. 

Trarumi"-'Sion lines could be constructed to carry elec
tricity from the basin's potential power plants to adjoining 
areas outside the ba.')i.n, and thus stimulate growth in those 
areas. Lines into central Utah, interconnecting potential 
upper basin plants and Bonneville Basin plants, would re
sult in industrial de,·elopment in combination with mate
rials from within and outside the basin. A basic steel 
industry has been started in the West by construction of 
the new Geneva steel plant near Prom, Utah. This in
dustry \\ith its associated and allied industries will require 
electricity in quantity and at low cost if it is to be developed 
on a large scale. Copper and zinc refining by the electro
l)tic process offers important po-,sibilities in Ariz<Jna, 
Utah, Colorado, and :\'ew ~texico. :\s an example 
of what can be accomplished by the generation and trans
mission of large amounts of low-co~t electricity,. the lower 
Colorado River power system can be cited. [kctrk 
power from those plauts is used in quantitv in the lower 
basin areas in Nevada, Arizona, and California, while 
transmi..~ion lines carry large amounts of power to the 
metropolitan areas in southern California located many 
miles from the basin. These large developments ha,·e 
made profound changes in the economic structure of the 
lower basin po·ser area. The construction of similar 
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projects will be of the utmost importance to the1Colorado 
River Basin States and the Nation. · 

Estimates of future electric power load growths have 
been based on past trends and future possibilities resulting 
from potential developments. Low-cost electric power will 
be used in large amounts not only by industrial consumers 
to stimulate industrial developments, but by the residential, 
farm, commercial, railway, and municipal classes of con
sumers. The estimates of future load growth, taking all 
classes of users into consideration, indicate total annual 
load requirements by 1980 of 31,885,000,000 kilowatt
hours for the entire Colorado River Basin area, or 
1,885,000,000 kilowatt-hours for the upper basin and 
30,000,000,000 kilowatt-hours for the lower basin. 

Potential hydroelectric power developments would total 
3.6 million kilowatts of installed capacity for the Colorado 
River Basin, with 1.7 million kilowatts in the upper basin 
in 29 plants and 1.9 million kilowatts in the lower basin 
in 9 plants. The firm energy output of the basin's poten
tial plants would total slightly over 19 billion kilowatt
hours annually with 9 billion kilowatt-hours from the 
upper basin plants and 10 billion kilowatt-hours from the 
lower basin plants. The locations of potential plants 
and reservoirs are shown on figure 16, "River profile show
ing reservoirs and hydroelectric power plants, Colorado 
River Basin." 

Estimated load requirements of the lower basin power 
area for 1980 are far in excess of the output of the lower 
basin plants, while the upper basin load is expected to be 
much less tha11 the output of the potential plants located 
there. Energy from upper basin potential plants could 
therefore be used to supply at least a part of the load in-
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crease anticipated in the lower basin power market area, 
as well as in other basin areas where energy deficiencies 
may materialize in future years. 

Power development in the Colorado RiYer Basin includ
ing present and potential generating capacity (name plate 
rating) and output, and load forecasts is summarized as 
follows: · 

Killowatts · liJIIowatt.hours · 

Present installed generating ca-
pacity '---·------------------- 3, 203, 159--------------

Present load requirements (1943).. 2, 152, 404 11, 412, 894, 000 
Potential installed generating ca.-

pacity hydroelectric •••• _______ 13, 648, 400, ______________ _ 
Potentjal firm output ____________ ---------- 1 19, 446, 000, 000 
Estimated load requirements 

(1980) _______________________ 5, 630, 000 31, 885, 000, 000 
Estimated increase in load re-

quirements (1943-80) __________ 3, 477,596 20, 472, 106, 000 
Estimated energy deficiency 

(1980)----------------------- ---------- 1, 026, 106,000 

• Existing, authorized, and planned iru;tAll<'d capacity. 
I Excludes Bo....,hoe plant, IO,OW kilowatt mstalled capacity, lind 37,000,000 

kilowatt-hour output lor replacement. 

Cost and Benefits from Power Production 

Further investigation and study will be necessary before 
cost allocations of all the mUltiple-purpose potential proj-

. ects can be determined. However, results of preliminary 
studies indicate that the sale of firm commercial energy 
at an average rate of approximately four mills per kilo
watt-hour would provide for repayment of the power 
features and would provide additional funds which could 
be applied toward repayment of other project features. 
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((The whole Nation has a stake in the Colorado 

River ... 

"Water: can be brought to this land to producecrops; 

... trade can be established; and in general,the wealth 

produced can be converted into more and better oppor'fu
nities for the American people. . . . A great potential 

market for electric energy is provided by the mineral re

sources of tlze Colorado River Basin, among the richest 
and most Daried in the world. • . ," 



CHAPTER. VII 

Wealth From Water 

Thousands of acres of desert land in the Colorado River 
Basin produce nothing more than sagebrush or cacti .. 
J\lillions of acre-feet of water waste annually into the Pa
cific Ocean. Billions of tons of copper, coal, and other 
minerals lie buried in mountains. In their present state 
this land, this water, and these minerals are not wealth 
because they are not being utilized economically. They 
can, however, become wealth or produce wealth. Man's 
ingenious nature has assured him of this. Water can be 
brought to this land to produce crops; these minerals can 
be mined and processed with an abundance of low-cost 
hydroelectric energy made available; trade can be estab
lished; and in general, the wealth produced can be con
verted into more and better opportunities for the Amer
ican people. 

In the 169 years since the United States become aNa
tion its people have increased from a handful of 3 million 
dwelling along the eastern seaboard to 135 million dis
tributed to all corners of the land. The average annual 
increase has been 780,000 persons. The current rate of 
growth is nearly 1 million annually. One million people 
must be absorbed each year into the National economy. 
Each must be provided with food, clothing, and shelter 
and given an opportunity to share in the advantages of 
the American way of life, contributing his bit toward the 
National welfare. 

There are nations where the population has reached the 
~aturation point, the maximum that the natural resources 
will support. In some of these, poverty and starvation 
stalk the land. Each new birth in effect brings death to 
the most feeble of the living. 

:"-merica as a whole has not felt the pinch of overpopu· 
~atwn. Throughout its rapid growth its standard of liv
Ing has continued to improve until it now surpasses any
thing the world has ever known. America's vast re
sourr•:s have been more than sufficient. Its frontiers have 
been rolled back as necessary. Virgin natural resources 
ha\·e awaited exploitation, and fertile land has stood ready 
~o produce as soon as turned by the plow. American 
mgenuity and spirit have reached new heights in adapting 
the olTerings of nature to the advantage of the people. 

Today, however, the Nation faces a changing situation. 
The people pushing across the country have reached 
boundary lines or oceans on all sides. No longer do ex· 

terior frontiers invite exploitation. Y ct the population 
continues to increase by almost a million a year. Since 
the area cannot be expanded to provide for these new
comers, the resources within its borders must be developed 
more intensely if the American standard of living is to be 
maintained and improved. Fortunately nature has pro
vided opportunities for such development. Upward 
trends in both population and living standards can be 
maintained for many years to come. To achieve this 
goal, however, Americans must continue with the agres
siveness and resourcefulness of their pioneer fathers, but 
henceforth the pioneering will have to be done on interior 
frontiers. 

The undeveloped resources of the Colorado River Basin 
present one of the most inviting of the interior frontiers. 
Full control and utilization of these waters of the Colo
rado River system will create new wealth and new oppor
tunities in America. The benefits will not be confined by 
basin boundaries but will extend· throughout the land. 

Water is perhaps the world's most important single 
resource. Without water no living thing, either plant or 
animal, can exist. Man requires it in abundance, not 
only to quench his thirst and cleanse his linens but in 
vastly greater quantities to produce and process the food 
that he eats and the other materials necessary to his wei" 
fare. The Colorado River Basin is in the heart of the 
arid west where water, because of scarcity, is especially 
precious. The basin has vast resources in land, fuels, 
oils, fertilizers, timber, metals, and recreational attractions, 
all dependent on water in one way or another for their 
development. Only by irrigation can this parched land 
become productive. Water is required to preserve and 
enhance the excellent fishing and recreational allurements. 
Water and the electric energy that can be generated by 
falling water are necessary to bring forth and process the 
basin's great mineral wealth. Water, so important, and 
yet so limited in this area, is the resource that above all 
others will determine the extent to whlch the bounties of 
the Colorado River Basin can be pressed into the service of 
the Nation. 

Some resources, such as minerals, can be preserved in 
their natural depositories and hoarded until taken up for 
man's use. If little is used in this generation more will 
be available for the ne.xt. The flowing. water of the 
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CITRUS GROVES 
Irrigation r:1akes possible these citrus groves in the desert 

0.:\10:\S ON U.l'\CO:\IP.\HGRE PROJfCT 
.t formrr raf-ltJi[ nt•nmp becnmn f•loductiz ·c ll'ith drainage and irrigcl! icm 
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Colorado River cannot be preserved in this sense. Any 
water unused today is lost forever to useful purpose. Each 
year that development is delayed diminishes the potential 
cumulative vaiue of the water to mankind. Delay means 
waste, loss of potential wealth. Said Herbert Hoover, 
"Every drop of water that runs to the sea without render
ing a commercial return is a public waste." 

Uncontrolled, the Colorado is a "natural menace." 
Frequently it becomes a destroyer, overflowing its banks 
and cutting away its channel to bring ruin to farms, homes, 
and other property. Its heavy silt fills reservoirs and clogs . 
diversion works. The river will continue to bring havoc 
to some areas, thus destroying wealth until completely sub
dued and its great energy turned to useful purposes. 

The welfare of the Nation demands that the most be 
made of this "National resource," the waters of the Colo
rado River. The Congress foresaw this need in 1928 and 
wrote into the Boulder Canyon Project Act a directive 
to the Secretary of the Interior to make investigations 
and public reports of the feasibility of projects for irriga
tion, generation of electric power, and other purposes for 
the purpose of formulating a comprehensive scheme of 
control and the improvement and utilization of the water 
of the Colorado River and its tributaries. 

The potentialities for development outlined in chapter 
V are presented in response to that directive. Possibilities 
for using the water substantially exceed the water re
sources of the river system. A final and complete selec
tion of projects for construction in the ultimate plan of 
development must await completion of more detailed sur
veys, an allocation of available water supplies among the 
s~veral States of the Colorado River Basin, and an expres
siOn by those States of preferences between alternative pos
sibilities within their borders. It is anticipated, however, 
that certain key projects or projects otherwise urgently 
needed can be constructed immediately as the next phase 
of river development and that various intrastate, inter
state, and international problems involved in the formu
lation of an ultimate plan will be solved in an orderly 
manner as needs arise. 

Until a selection of projects has been made for inclu
sion in the final plan construction costs for full river de
,·clopment cannot be estimated. Neither can an accurate 
~stimate be made of the value of benefits expected. There 
IS ample proof, however, of the economic justification of 
a program for full control and utilization of these waters. 
Direct comparisons of costs and benefits for each phase 
of the development will be presented as construction is 
proposed. 

Bene fits to the West and to theN a lion 

lrrigation.-In 1939 there were 530 million acres avail
able to grow crops in the United States-4 acres for each 
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rerson. About 45 million acres of this land formerly used 
, to grow forage for horses and mules are now producing for 

human. consumption. This country still relies heavily 
apon imports, however, to support its population. Agri
~ultural imports in 1937 were equivalent to the normal 
production of 87 million acres. Many of the products 
imported can be produced successfully on American 
farms. In more recent years because of wartime condi
tions great quantities of foodstuffs have been exported, but 
at the expense of shortages and rationing of food in the 
Uni~d States. 

Not all of the land now in cultivation can be relied upon 
for p~rpetual production. The Department of Agricul
ture in 1937 estimated that 61 percent of the domestic 
croplar~, about 253 million acres, is either subject to 
continued erosion or is of such poor quality as not to 
return a ~atisfactory income to farmers. Part of this can 
be saved 1rom early retirement by improved farm prac
tices. An\expanding, not a diminishing farm area is the 
National r~quirement. With the population increasing 
at the rate df a million a year, maintenance of the present 
population-farm land ratio would require four million ad
ditional acres each year. The current level of living, how
ever, could be maintained with a lesser expansion in farm 
acreage if the productivity of lands now farmed is in
creased by more irrigation in the arid regions and by im-
proved farm practices. , 

TheN ational objective is not merely to maintain present 
dietary standards, but to improve them. It is well estab
lished that the diets of low-income groups in the United 
States tend to be lacking in certain protective foods, and it 
is highly in the National interest that this situation be cor
rected. J. P. Calvin, Hazel K. Stiebeling, and 1\far:us 
Farioletti writing for the 1940 Yearbook of Agriculture 
state: 

If the average consumption of protective foods by all families 
in this country could be raised to the level of those whose present 
diets may be rated "good" from the standpoint of nutrition, there 
would be large increases in National consumption. The figures 
would be approximately as follows: milk, 20 percent; butter, 15; 
eggs, 35; tomatoes and citrus fruit, 70; leafy, green, and yellow 
vegetables, 100. These figures are not maximum, however, be
cause many freely chosen "good" diets do not include nearly as 
much of the protective foods as many nutritionists believe they should 
include. For exrunple, int~mationally recognized experts on nutri· 
lion recommend that we double our average consumption of dairy 
products. · • II • 

From a dietary standpoint the Nation urgently needs an increased 
consumption of protective foods that would require 8 to I 0 million 
acres to produce. And it all could secure the "expensive good diet" 
now available to those who do not have to guard their food dollars 
too closely, we might need to utilize 30 to 40 million acres more 
than has been required for actual consumption in recent years. 

In the 17 Western States the acreage of farm land per 
person is only half the National average. Most of these 
sparsely populated States do not raise sufficient food for 
their people and· rely in part upon imports, chiefly from 
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the :Middle Western States. Furthermore, western pop- ! 
ulation is increasing .at a rate much faster than the Na-' 
tiona! average. Even with the most efficient use of water 
for irrigation, increasing quantities of food must be shippe 
into the Western States. 

In the Colorado River Basin agriculture and irrig 
tion are almost synonymous. Successful crop productio 
with reliance only upon rainfall is of negligible im!· • 
ance. Irrigation has provided farm homes for hun e 
of thousands of people, created cities, and estab ·;hed 
markets for many millions of dollars worth of easter . and 
middle western farm and industrial products. Con inued 
e....:pansion of such developments will depend on hm wisely 
the meager supply of water is utilized. 

Potential irrigation projects described in chaptf V, ex
clusi\'e of export diversions, could bring water to 1, 33,960 
acres of land now dry and largely unproductive, and sup
plcmellt present inadequate supplies on 1,122,270 acres. 
All of these projects may not be constructed, but any reduc
tion in these acreages from this cause could be offset by the 
expansion of irrigation in ad joining basins with water di· 
verted from the Colorado River. Te~' 10usand new 
farms could be created on land now unc tivated. Pres
ent farms could be made more produc · e. Some large 
holdings could be subdivided into 1 · y-sized units. 
O~cr smalUarms could be enlarged to conomically sized 
uruts. The new farms would provide gricultural oppor
tunities for some of the 100,000 servicemen who are re
turning to the Colorado River Basin. 1 I 

Increased agricultural producti110 resulting from such 
a program would have an annual value of $65,000,000. 
Compared with the growing needs of the Nation this in
crease ~ small but important. It represents beef,· hide.~, 
wool, c1trus and other fruits, vegetables, seeds, dairy prod
ucts, honey, sorghums, and other foods and fibers-goods 
not produced domelitically in sufficient quantities to meet 
domestic needs. 
. The~c crops arc complementary to, rather than competi

tive wtth, crops produced on agricultural Lnds of other 
sections. Mo~t of the fora ere and grain crops considered N . 0 I 

auonal ~urplus crops, are consumed in the livestock re-
gions of tl:e ir:i_g~te~ West in greater quantities than pro· 
duced. New u ngatton developments thus create uses for 
surplus crops. A study of the 11 WL"Stern States shows 
that over .and above what is produced locally for home 
consumpt10u, there arc pun.:hased from other sections of 
the country annually: $120,000,000 of corn and hog prod
ucts; $97,000,000 of cotton, cottonseed and textile;. $()0 • 
OOO,O~O of tobacco and tobacco products; $15,()()0,000 
~f haJd wheat flour and processed cereals; and large 
amounts of other commodities. 
~ower.-The deep canyons cut by the Colorado River 

as lt _falls over 10,000 feet in its wild dash to the ocr an 
rOVIde some of the hest power ~itcs in the world. With 
ull development the river rhannel could become a great 
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stairway of reservoirs-quiet mill ponds-extending up
stream from Parker Dam on the boundary between Ari
zona and California, through Arizona, Nevada, and Utah, 
into Wyoming and Colorado. In mo~t cases each dam 
would back reservoir water to the toe of the dam next up
stream. Branches of the stairway would reach up the . 
San Juan, Green, and Yampa Rivers, a total continuous 
length of 1,600 miles. Other power dams would be dis
tributed on tributary streams. Many dams would be mul
tiple-purpose structures serving also for irrigation, flood 
control, and silt retention; providing opportunities for fish
ing and recreation; and making accessible many scenic 
wonderlands. 

These power developments could generate 19 billion 
kilowatt-hours of electrical energy each year to add to that 
now being produced at Boulder Dam and other elillting 
plants on the river system. The annual value of this 
energy delivered at power markets would be $72,000,000. 

The market for this power was discussed in chapter 
VI. The experience of recent years shows that power 
markets move to areas where abundant low-cost energy 
is available. A great potential market for electric energy 
is provided by the mineral resources of the Colorado River 
Basin, among the richest and most varied in the world. 
A good start has been made in the extraction of a few 
of these minerals but processing within the basin, especially 
stages requiring large amounts of electrical energy, is al
most nonexistent. Arizona and Utah together are min
ing 70 percent of the copper produced in the l!nited 
States but most of this is shipped all the way across the 
continent for electrolytic refining. 

The Upper Basin's vast deposits of bituminous coal are 
the nearest nbstantial coal deposits to the Pacific Coast. 
They will become increasingly more in1portant as petro
leum reserves approach exhaustion. Likewise the great 
beds of oil shale in the Upper Basin are a potential source 
of oil . 

Without rcccunting the value to the 1\ation of greater 
dn·clopmcnt of the vast and numerous mineral resources 
of the Colorado River Basin, and without reiteration of the 
many requirements for ele~.Lricity in the process, it can be 
plainly stated that nothing else would give such impetus to 
that development as would the availability of low-cost 
powt·r accompanird by agricultural expansion through 
greater control of water rt'!>ources. 

In the l<~Bt 3 years intcn~iw exploration in C;tlifornia 
has lo<:atcd ouly as much new oil .1s i~ being Llkcn fwm 
wells every year. A~ a CO\l,\'1'\';ltit~n mca~urc proJucti(lll 

. i~ rxpcrtcdsoon t'' drop lwl1•w nornnl pracctinw tlt'mands, 
making imports ru n~ss.uy. Oil cannot be shipped in at the 
low price of $1.15 a barrd to which California is ac
customed. Dr. Joe S. Bain, for the Haynes Foundation, 
h<l.S estimated that the price of both domestic and im
ported crude oil might rise to $2 a barrel. If this happens 
many oil-burning power pbnts may be retirc,l to ~tandby 
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YUMA CANTALOUPES 
Sacki of cantaloupes grown on the Yuma project of the Bureau of Reclamation are dumped into a truck to be carried 

to the picking sheds 

PRIZE PRODUCE 
Prize vegetables and fruits are grown in irrigated areas of the west. This picture shows an assortment of Grand Valley 

produce 
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service, and hydroelectric power will be required to fill 
the gap. Industrial plants also might be forced to conv~rt 
from oil to electricity for heat and power. Western rail
roads, powered almost exclusively by fuel.oil a~d c?al, 
might turn to electrification, probably starting Wlth lmes 
in the more mountainous sections where electric locomo
tives would have distinct advantages. 

Ahundant low-cost electric power would stimulate ac
t:vity in other directions. Already Boulder Dam has en
abled the Los Angeles area to climb to first place in the 
manufacturing of aircraft and oil-well machinery, to as
~emLle more cars than any other city ·except Detroit, to 
make more furniture than Grand Rapids, to manufacture · 
almost as many tires as Akron, and to jump to third place 
in the Nation in food processing ahd oil refining, anq. to 
fourth in clothing manufacture. The Colorado River 
could supply sufficient energy for a $2-billion industrial 
expansion that would give employment to 350,000 work
ers. Such an industrial development, including accom
panying business and trade establishments, would support 
an additional population of 2 million people. 

The tremendous defense value of abundant electric 
energy has been demonstrated by the war. By 1940 re
cent hydroelectric power developments had made electri
city in quantity available to Pacific Coast States. Upon 
this foundation great war industries hurriedly sprang up 
on a scale almost unequaled elsewhere in the Nation. 
Ships, airplanes, and light metals were turned out in great 
quantities. The dollar volume of aircraft produced in Los 
Angeles County exceeded th(\t of· the whole Detroit in
dustry in peacetime, In the Los Angeles and San Diego 
areas the population increased by 600,000, or 18 percent, 
from 1940 to 1944. The labor force grew at an even 
faster rate. Between 194-0 and 1943 the working force 
covered by unemployment compensatio~1 in· California; · 
Oregon, and Washington increased·. from 1,900,000 to 
3,100,000-some 63 percent. 

How much the war was shortened and how many Amer
ican lives Were saved because this electric power was ready 
to produce weapons cannot be estimated, but the contri
bution was enormous. Great dams and hydroelectric 
power plants, built when labor and materials were abun
dant in time of peace, stood ready under the strcs.s of war 
to pour out energy with only minimum expenditure of 
manpower for operation and maintenance. 

Flood and silt control.-Rouldcr Dam now provides full 
~ontrol of the Colorado River at Black Canyon. It now 
unpounds the great dcstructi\'e floods that before mn· 
tin~ally harassed the people living along the river's lown 
pl~u~s. . Th~ area is still subj~ct to floods of lesser degree 
ong-matm~ m the watershed areas of the Cnlllrado and 
Williams River below floukkr Dam. Aho\'c Boulda lhm 
t~1cre are no floo(l control Mructurcs of ~ignifirance to the 
n\'cr sys~cm as a who!<'. Local damage Olcurs fn•quL'ntly 
along tnbutary streams. For hundreds of mile~ above 
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Boulder Dam the river and the lower stretches of its tribu
taries are confined t9 deep and barren canyons where 
floods can do no damage, but from these regions great 
quantities of silt are carried away to be deposited in Lake 
:Mead. The silt problem on the Colorado River is dis
cussed in chapter V under the Boulder division. 

Boulder Dam has provided the basis for the great in
dustrial and agricultural expansion of the Pacific South· 
west iq recent years. It is presently doing much to con
trol floods and silt but this great dam and its many ap
purtenant structures will some day succumb to the silt it 
now controls unless aid is received from other basin de
velopments. Not in this generation or even in this cen
tury will the threat to Boulder Dam become acute, but 
prudence dictates that the problem be recognized and at
tacked now. The capacity of Lake Mead will constantly 
diminish until a remedy is provided. The potential Bridge 
Canyon and Marble Canyon-Kanab Creek projects up
stream from Lake Mead will provide comparatively little 
reservoir capacity. Reservoirs to retain silt should be pro
vided on tributaries concurrently with construction of these 
projects. 

Plainly, full control of floods and silt cannot result from 
a few large dams at strategic locations along the river. 
Flood waters would deposit silt and debris in the first reser
voir reached and eventually fill and destroy it. This proc
ess of nature can be combated only by proper watershed 
management and by construction of a sufficient number 
of dams to control destructive flows of the Colorado River 
and its chief tributaries in the canyon areas of Utah and 
Arizona. Each reservoir built to conserve and control 
water anywhere in the drainage area would contribute its 
bit. 

The San Juan and Little Colorado Rivers are the prin
cipal contributors of silt to the Colorado River. On each 
of these, large reservoirs are urgently needed to prevent 
floods and retain silt. The Bluff project on the San Juan 
River and Coconino project on the Little Colorado River 
are proposed to be constructed for these purposes. The 
Alamo project would control floods and silt from the Wil
liams River and the Sentinel project would serve the san1e 
purpose on the lower Gila River. 

These additional projects to control floods and silt are 
necessary to protect the vast stake the Nation now has in 
the Colorado River Basin. The developments outlined 
will have the dual benefit of providing this protection and 
·also of fanning the basis for greater use of the waters 
of the Colorado River system. There can be little doubt 
as to the economic justification of such a progrant. 

AluniciJl(d a11d industrial water supjllies.-No modern 
community can thrive without a good supply of pure water 
ft)r domt·stic and municipal purposes. These uses are 
usually rccogniLcd as more important tkm other demands 
for water. When necessary it is possible to obtain water 
fnr clunwstic usc by rondcmnation of prior rights for 
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power production, irrigation, or other purposes. A water 
~upply is indispensable to any community. If the com· 
munity is justified economically, its water sy;,tem is also 
justified. Some cities are required to make enormous 
expenditures to bring water from great distances \\hile 
others find it at their door. In most parts of the Colorado 
River Basin municipal water can be provided at nominal 
cost. 

Industrial uses are closely related to municipal uses and 
are commonly supplied through the municipal pipe lines, 
although it is not unusual for large or isolated industrial 
plants to have their own water systems. Few industrial 
operations actually consume large quantities of water. 
Where the water is used only for cooling or similar pur
poses it can be returned to the stream channel almost un
diminished in quantity. Other processes polute the water 
to a degree that it is harmful to fish and wildlife or down
stream water users. In such ca~es the water must be 
either purified after use or disposed of in evaporating 
ponds or otherwise. 

Projects are outlined which would provide municipal 
water to Grand Junction, Colo.; Tuscan, Ariz.; and San 
Diego, Calif.; in addition to the expanded municipal and 
industrial uses to be supplied from the Colorado River 
aqueduct, the Duchesne tunnel of the Provo River proj
ect, and the Moffat tunnel of the Denver municipal 
system. 

Other requirements for municipal and industrial water 
will arise from time to time but cannot be anticipated 
sufficiently to justify present planning of specific projects. 
As these needs arise they can be satisfied by relatively minor 
adaptations in the basin plan of development. Expan
sion of cities and towns will be largely on irrigated or 
irrigable land. Experience has shown that about the 
same quantity water will be required for municipal use 
as would have been required to irrigate the land occupied 
by the community. 

Recreation and fishing.-With the peacetime trend to
ward a shorter work week, more leisure time, widespread 
vacation privileges, improved transportation, and greater 
pro~perity, recreational facilities are becoming more im
portant. . The great variety of natural attractions in the 
Colorado River Basin together with the highest dam and 
the world's largest man-made reservoir make it one of the 
most outstanding recreational regions in the United States. 
The value of these attractions will be enhanced through 
development of the basin's water resources. Improved 
roads con.~tructed to remote reservoirs, power plants, or 
tunnel portals will make accessible great scenic wonders, 
fi~hing spot~, and hunting areas not now reached by 
modern travel. The reservoirs will add scenic beauty and 
have recreational value for boating, swimming. and fish
ing. Lake Mead, formed by Boulder Dam, is called the 
''Eden of all bass fishermen" and is famous throughout 
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the country for its scenic beauty. Many of the numerous 
reservoirs that will be required for full river control will 
be provided with sufficient capacity below the outlet struc
tures to provide permanent habitats for fish. The reser
.voirs can be operated to control unnecessary turbidity at 
high flows and to maintain sufficient water in the streams 
to support fish during dry seasons. The desilting of the 
main Colorado River and the formation of large reservoirs 
along its course will multiply the fishing and recreational 
benefits already provided by Boulder Dam. Cooperation 
in this phase of the basin development will be required of 
the National Park Service, Fish and Wildlife Service, 
Forest Service, and various State and local agencies. 

Widespread Benefits From Colorado River Devel
opment 

Trade created.-The whole Nation has a stake in the 
Colorado River. Its full development would bring to 
American tables foods required for balanced and health
ful diets, and to American factories, minerals and other 
raw materials for which there is an ever growing demand. 
These things, important in peacetime are doubly im-

. portant in war when self-sufficiency is a bulwark of na
tional strength. and safety. But potential benefits to the 
Nation are not confined to the basin's exportable prod
ucts. New homes erected in the Colorado River Basin 
will require lumber, steel, plumbing fixtures, heating 
equipment, wire, roofing materials, glass, paint, floor cov
ering, hardware, and numerous other items fr.om indus
tries throughout the land. To make them inhabitable 
will require furniture, appliances, carpets, fabrics, clock~, 
pottery, and utensils produced elsewhere. The inhabi
tants of these homes will purchase from other parts of the 
Nation a continual flow of such items as tools, implements, 
machinery, automobiles, magazines, books, rayon and cot
ton goods, clothing, shoes, furs, processed cereals, fish, 
rice, peanuts, paper, tobacco, sweet potatoes, and many 
other items of everyday use. These people will be cus
tomers for various forms of insurance centralized in other 
parts of the country, Railroads, bus, and truck lines 
and airplanes will benefit from the commerce created 
by both imports to and exports from the basin. 

Long-time records show that only about one-fourth of 
the irrigation farmer's income is used for operation, taxes, 
labor, and local supplies, while three-fourths of it goes 
into the general industrial and trade stream. For every 
dollar spent fnr irrigation development, a business increase 
amounting to about $30 is created. In making a home 
on irrigated land, t:ach settler creates the need for at least 
anoth~r family in the trading circles and still another 
in the industrial centers. 

New taxable wealth.-In the Colorado River Basin 
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arable land without water is covered mostly withds~g~brus~ 
and valued at $1 to $5 an acre. Improved an Irng~te. 
it will be worth from $75 to $300 an acre. Thus lrn
gation creates new taxable wealth and has proved a g~od 
investment for the Government., Federal Reclamation 
projects have crt:ated taxable ~alues.exceeding $400 f?r 
every person living on the proJeCts either on farms or m 
cities and town~ which the farms have created. State 
and cvunty governments benefit from this enlarged ba.<;e 
for prnperty taxes. In addition, a large amount of reve
nue (rom taxts, Jirect and indirect, constantly flows from 
Reclamation projects to the Federal treasury. 

In inigateJ sections local institutions recei~·r adeq~atc 
income to maintain good schools, roads, med1cal serVIces, 
church~, chic improvements and public iutilities, the 
manv comforts and conveniences that are e~sential to the 
A1w,rican standard of living, which canno~ be satisfac
torily luaintained by scattued populations of uncertain 
income. 

Emjlloymntt opportunities provided.-Construction of 
n•~ny of the project~ could be scheduled for timely wide
spread ('mplo)mtnt of returning f'en·icemcn and released 
workers from war industries. Later phases of the develop
nu:nt could be intensified during periods of economic re
cession and widespread unemployment. Less than half 
of the amount spent for labor would go to workers at 
project sites and the remainder to workers at producing 
centers principally in the 31 Statrs east of the western 
irrigation states. Construction of all projects outlined 
in the report would employ a quarter million men for 
nearly 4 years. 

Summary of Costs, Benefits, and Repayment 

A definite economic analysis of basin-wide development 
of water re~ources cannot be presented until a final srlec
tion uf projects has been made. The following estimatrs 
aud ilpproxirnations are bal'cd on devdopmrnt of all po· 
tential within-basin projects summarized in the report. 
Although thtTe would be cnou.e:h water in the river sy~tem 
to ~m·e nil of the~ projrcts if no further exportation of 
water i~ madr, it mav be found more nonomiral and the 
Statt--s may elc<t to .forego construction of some irriga
tion projcrL.; within tlw natural drainagr ba~in in onl~r 
to make water a\'ailahlc f,lr rxpc1rtttion t,~l .• djacrnt \\ ata· 
>hells \\ithin the basin States. Whrn final a\10cations of 
watrr are nude, morco\'t'r, some qatcs mav lw unable to 
w.e their full amount Ullle>-'1 part i~ cxportc·d·. Puwa proj
nts do not con,ume watrr except by e\·apor.ctinn frnm 
pown reservoirs, hut most of these· rcserYoir~ scn·e mult ipk 
J'llrp<N's and .crt' re<Juired for full river n·~ulation anti cnn· 
trol. \'irtu;clly all power prnjr. ts outli;H'tl in thl' rrport 
rould bt~ rutbtnwtc'll, tlwrdore, "ithout rc•gard ttl the 
dc·plctory dice t upon Stl!'arn flnws. 
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Estimates of cost 

Construction costs.-The total constmction cost of ba
sin-wide development, likewise cannot be estimated until 
the plan is definite but preliminary cost ~t~mates of the 
potential projects described in the report w1thm the natural 
drainage basin and excluding alternative projects, amount 
to $2,185,442,000, based on January 1940 prices. In
creases in the total cost may result if projects for exporta· 
tion of water to adjacent basins are selected, but such in
creases will be partly offset by the elimination of projects 
within the natural drainage basin for which water then 
would not be available. 

Annual costs.-After projects are constmcted, there a.re 
annual costs for operation, maintenance, replacements and 
repairs necessary to keep the projects in good operating 
conditions, transmit the electrical energy to load centers 
and distribute the irrigation water to the farms. Roughly 
the annual operation and maintenance costs of all within
basin developments described and summarized in the re
port may amount to $23,000,000. 

To amortize the total construction cost as described 
above in 50 years with interest at 3 p~reent would require 
annual pa}ments of $85,000,000, which added to the 
cost of operation and maintenance results in a total an· 
nual cost of $108,000,000. 

Annual benefits 

Benefits from the irrigation of new land are repre
sented by the increase in gross crop retum~. '\'ith the 
irrigation of 1,533,960 acres of new land and the fur
nishing of 1,122,270 acres of inadequately irrigated land 
with supplemental water that would be possible if all 
within-basin projects were constructed, a gross increased 
crop return of ~65,000,000 annually, based on January 
1940 prices, may be expected. If exportations are made, 
the return may be greater. 

Rewnues from the sale of pown from the potenti.1l 
rnultipk-purpo~e projects will approximate $72,000,000 a 
~ear at a rate of 4- mills per kilowatt-hour for power de
liYerrd at market area. Rewnues from the ~ale of munic
ipal water m.1) amount to $500,000 annually. .\ flood 
control henefit of $1,000,000 annually may he expcYted 
if all pro_jerL" sutmllarizetl are constructed. The total 
ffil·a..;urabk annual benefits thus would total $133,500,-
000, whirh is sub~tantLtlh· in ex(CSS of the cstinw,·d an
nun! ro~t. 

In addition to these benefits which are ~usceptible of 

e\·alu.tti< 1:1 there are the numerous other intmgibk bene
lit~. nn1H: the ks..; real, that h·n·c been described prnitltlsly 
in thi~ rluptn. Studies of a general nature ~how th.1t a 
pwgram for rompkte rivn dn dtlpment would be fully 
ju~tificd. Dircrt t'\ aluated benefit~ \\l)ttlLl cxrred the n>~ts 
C\Tn tlw u~h nuny public lwllrfit~ are nnt rnn~idnrd. 
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Repayment and flood control allocation 

Repayment laws now in effect provide for water and 
power users directly benefited to be charged with the cost 
of construction works that serve them and for costs tc• be 
allocated to irrigation, power, municipal use, flood con
trol and other miscellaneous uses. Repayment of con
struction costs are made on four different bases: ( 1) 
Ce>sts allocated to irrigation are repaid in 40 annual in· 
stallments without interest. The national benefits are 
recognized in that construction money is advanced by the 
Go\'ernment interest free. ( 2) Co$tS allocated to power 
with interest at 3 percent may be returned over a period 
designated by the Secretary of the Interior. ( 3) Costs 
allocated to municipal water supply are repaid over a 
period not to exceed 40 years with interest not exceeding 
3 Y2 percent annually. ( 4) Costs allocated to flood con-

. trol are largely nonreimbursable. Flood control is con
sidered a national benefit and for that reason costs allo
cated to flood control are financed in large measure by the 
Federal Government. · 

Under existing reclamation laws nonreimbursable funds 
a:e not available for allocating costs to the many other 
d1rect benefit~ resulting from river development. For 
example, the value of fishing and recreational resources 
of the Colorado River Basin would be greatly enhanced 
by ~onstruction of ~he many potential multiple-purpose 
proJect~. but there IS no means at present for allocating 
rosts to these benefits. 

, Although increa:ed gross crop returns amounting to 
$65,?00,000 are estimated from potential irrigation proj
ects m the Colorado River Basin, a large share of the in
crease will be used to meet costs of production, taxes; re-
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turn on farm investment, and living costs. From expe· 
rience on other projects operated by the Bureau of Recl<t
maiion it is estiniated that the farmers could pay $8,000,-
000 annually to meet operation and maintenance 
costs and repay the portion of the con8truction costs al
located to irrigation. The gross revenue from power, 
estimated at $72,000,000 annually, would be sufficient 
to pay operation and maintenance costs and cost alloca
tions to power. Municipal revenues estimated at $500,-
000 could be used to repay cost allocations and interest. 
Of the total construction cost it is estimated that an al
location of $25,000,000 may reasonably be made to flood 
control reducing the total estimated reimbursable cost of 
basin development to $2,160.442 000. 

GroSs annual revenues of $aO,SOO,OOO from irrigation 
power and municipal use would cover all charges for op
eration and maintenance and leave $57 500 000 annuallv 
to pay interest and construction costs.' In~erest charg~ 
cannot be determined until cost allocations are made to 
the various benefits. It is quite likely, however, that when 
interest charges are considered the cost of the entire de
velopment will not be fully reimbursable. Authorization 
is necessary for the use of nonreimbursable funds to cover 
costs allocable to certain other benefits of a public nature 
which cannot appropriately be considered repayable by 
water users under Reclamation law. 

The above approximations and estimates are presented 
merely to indicate the justification of basin-wide deYelop· 
ment. The benefits to the people of the West and to the 
Nation would exceed the costs of constructing all projects 
that would develop and utilize fully the available water 
r~ources of the Colorado River Basin. 
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CHAPTER VIII 

Cooperating Interests in the Basin 

Integrated dc\'elopment of the resources of the Colorado 
River Basin can best be achieved by the cooperation of all 
Federal, State, and local interests in the region. This co
operation is necessary not only in the formulating of a 
comprehensive, coordinated plan, but in the execution 
of a unified program that will be keyed to the welfare 
of the people in the basin. 

The various agencies of the Department of the Interior 
having an interest in development of resources in the 
basin have teamed together in the preparation of this 
comprehensive report in the development of the water 
resources of the basin. These agencies have cooperated 
to the extent of funds and personnel available. Their 
cooperation is vital, practical, and essential, as evidenced 
in this chapter, which presents their specific comments 
and programs. The Geological Survey has outlined a pro
gram for stream gaging and has furnished basic data. on 
stream flow, quantity and quality of surface and under
ground water supplies, and water utilization. The Na
tional Park Service has surveyed th~ recreational possi
bilitiesof the potential projects and appraised the bene
fits with a view to preserving the parks and areas of. his-

. toric and scenic intere.~t. The Fish and Wildlife Service 
has made recommendations that will ~ure the restora
tion and conservation of game and fish resources. The 
Grazing Service has outlined the objectives of its range 
improvement program and the benefits that will result 
from the potential projects in the stabili.mtion of livestock 
industry and the conservation of land and its resources. 
The Bureau of !\fines has probed the minerals of the 
basin to discover how they might best be mined, processed, 
and utilized to support the metallurgical and industrial 
economy that is envisioned. The Office of Indian Affairs 
has outlined projects that will benefit the Indians of the 
basin. The General Land Office has presented a prot,rrarn. 
to obtain optimum use of these public lands and to coor
dinate their utilization with the de,·clopmcnt of water 
resources. 

Other Federal agencies that are involved in the de
velopment of the resources of the basin have likewise co-' 
operated with the Bureau of Reclamation and their re
ports appear as parts of this chapter. The Forest Serv-r 

k~ Unit«! '""' Dop,tmont of Agd'""""• hM ""'! 

phasized the need for careful management of watersheds 
on the national forest lands to insure adequate safeguard
ing of their water yields. The Federal Power Commis
sion has furnished data upon which power utilization 
and market trends are based and has commented gen-

. erally on the power resources of the basin. 
\ The interests and cooperation of State and local groups 

:•s well as other Federal agencies in the basin are reflected 
t1roughout the report. 

GEOLOGICAL SURVEY 

f.2uantity and Quality of JVater 
; Factual information, systematically collected and ar-
1.r,,nged, relative to both quantity and quality of water, 
is a prerequisite of the successful utilization of water. 
This informa~on is necessary because of the fluctuations 
in quantity cat sed by the vagaries in climate, especially 
in precipitatior. and temperature, and by the changes 
resulting from th.c activities of man; and because of the 
differences in qt•ality caused by sediment and the varie
ties of soluble nwter with which the water comes into 
contact in its llt>w over and through the crust of t.he 
earth, by the va1i<i1i0ns in the length of time that the 
water remains L\ H1'1tact with the various soluble sub
stances, and by the changes in pollution caused by the 
activities of man, es1Jecially in the use of water for agri
culture, industrial p10cesses, and municipal supplies, the 
return flow from whirh reaches and mixes with other sur
f<lce and ground water~. Such information is needed as 
a basis not only for pl.nning and constructing but also 
for operating plants and systems that utilize water. 
· Although the conspicuous uses of water in the basin 

i relate to irrigation and the generation of hydroelectric 
I power, there are many other important uses such as those 

for industrial, municipal, domestic supplies, and water for 
stock on the range. These uses, which are not spectacular, 
affect the life, prosperity, and security of many people and 
therefore are for serious consideration. For example, the 
stock business in the basin is of major proportions. It de
pends largely on the capacity of range lands to carry stock, 
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a,;d that capacitv is affected largely by the ability to g~t 
water for stock at many places so distributed as to permit 
a maximum use of the range. T.he ~ding and d~veloping 
of :.tock water is therefore of maJor ID1p~rtance. 

There are many conflicting interests m the use of water 
because there is either not enough water to serve an. needs 
or its use for one purpose may ifl1pair or pre\·e~t Its use 
f•)r another purpose. The general basic information must 
h~ c<.•llected and published without referenc~ to th~ use 
that mav be made of the water or to the pubhc or pnvate 
ag"encv ~hat may utilize it. It must, ther~fore, be ~ol
l;cted, assembled, and pre~ented without bias as to kmd 
or place of Uc<-e or to particular proje~ts. Because of ~e 
t1uctt.Jtions in the quantit} and quality of water, the .m
formation concerning it must be collected o,·er a penod 
d war-: and at S'lme places indefinitely. In order to 
,at~fv tWfYone that UH' records are free from bias, they 
must. be c~llected by an organization that has no ad
minkrr<t<ive or construction respomibilities. The Unital 
States GeoloeioJ Survey is primarily an investigational 
agency whO!-~ reports arc recLgnized as reliable, to which 
Cot!t;m"' appropriates funds for the study of the geneml 
basic a~pccts of water without reference to uses or projec!S. 
In <tCcordance with that Congressional mandate, the Ge:>
ln~ical Survey measures the da]y flow of surface streams 
and records fluctuations of reservoirs to ascertain tht! 
availabilitv of water for conservation and use; investigate' 
ground-w~ter resources to ascertain availability, depth, 
recharc-e, discharge, and stor~tgc; makes chemical analyses 
uf both surface and ground water with reft.:rence to fitness 
for u~ in agricultur~ and industry, and to treatment for 
public and dom~tic water supplitS; and prepares stati.<;.. 
tical and interpretative reports-all with a view to fur
n~hin6 reliable information that is CSl>< ntial as a basis 
for the full and best ll:ie of the water rr;;ources. This 
im estigativnal work is supported in part hy funds appro
priated by Con~css ''(or gaging stream, and determining 
the water supply of the United Statr;:, investigating un
derground currents and artesian Wt IL~ and methods of 
utilizing the \\·ater resources," in pa1 t by funds fur:nished 
by other Federal agencies for u~ i~ ,recific investigations 
rdated to the activitio. of those <!gt ncies, and in part by 
coopnating Stal\.-s ami municipalities. 

The tooperation with States is based on the uuder
standing th<~.t both Fedaal and State governments are in
terested and that r~pon..-.ibility for the wor~ is divi<kd 
properly between them. The work i." condu, ted throuRh 
~cld offices (Jf the Gf'ological Survey placed genually 
m State capitols in order that State ofiicials mav be rasilv 
consulted as to State problem$ and needs. l;ermane~t' · 
Federal.employres assigned in these field offiti.'S, through( 
long rfhldcnce and service, become loc<.~l citizen~ familiar 
with local probit·rns and requin·ments. TI1e agenrics of 
the Statrs panicipating in the cooperation also contribute 
\'aluable experience and knowledge to the coaduct of the 

THE COLORADO RIVER 

investigations. In these ways local needs are served and 
reliable Government records are assured that are uniform 
in accuracy and form of puLlicati?n for all sections of the 
country. 

Accordingly, the Survey is now maintaining four offices 
in the basin as follows: 

Las Vegas, Nev., for ground water. 
Tucson, Ariz., for surface water and ground water. 
Phoenix, Ariz., for ground water. 
Safford, Ariz., for surface water and ground water. 

It maintains seven other offices outside the basin from 
which work in the basin is done, as follows: 

Salt Lake City, Ctah, for surface water, ground 
water, and water utilization. 

Logan, Utah, for surface water. 
Cheyenne, Wyo., for ground water. 
Denver, Colo., for surface water. 
Santa Fe, N. ~fex., for surface water. 
Albuquerque, N. Mex., for ground water and quality 

of water. 
Los Angeles, Calif., for water utilization. 

The in.vesti~rational work of the Geological Survey on 
the quantity, quality, and utility of water in the Colorado 
River Basin is essential to the stable development of the 
basin because water in great or small quantities enters 
into all acthities. Interstate and international character 
of the river serve to complicate the situation as to water 
supplies because of the neces:oity for equitable division of 
the water among- the States of the basin, and because of 
t.he interest of ~lexica in the water that flows across the 
international boundary. The interstate and international 
problems which are of far reaching in1portance emphasize 
the requirement that basic water information shall not 
be related to particular u~e or projects but :.,hall serve the 
needs of all purposes equitably. . . . . 

A.s the canyons of the Colorado Rn·er dmde the basm 
into two parts with respect to both utililation of water 
and route<; of transportation, and as the interstate com
pact for the di\'i.,ion of water between the upper basin c~d 
lower basin di\ ides the b.u;in in the same way, the descnp
tion of tht> water wod, of the Geologk..tl SurYey in the 
ba~in is similarlY dividd. Becau:;e of the di1Terenci.'S in 
qu;tlifications of personnel and mt'thods u~ed for im·~ti
gating the different a'pN"L'> of water and its utility, th.e 
,,·ork of the Geological Survey in invt5tigatin~ water IS 

organi1.ed and will he pmentcd in it~ relation to the Colo
rado Ri,·er B.L,in, under the following four headings: sur
face water, ground water, quality of watt'r, and water 
utili1.ation. 

Upper Basin 

The Colorado Riwr Basin al)(),·e Lt·r Ferry. <if fined by 
the Colorado Ri\tr Comp.1ct as the "upper ba.,in," h;-~s 
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an area of mountains, plateaus, and valleys of approxi
mately 110,500 square miles. It contains literally hun
dreds of streams, lakes, and underground reservoirs. Thus 
far the principal use of water in this vast area is for ir
rigation. A few small hydroelectric power plants use the 
flow of small streams, and a negligible amount of water is 
used for municipal and industrial purposes. Since the 
white man first diverted water into ditches in this 
region for irrigation and community use (1854) 
more than 1,300,000 acres (U. S. Census 1940) have 
bren put under irrigation in the upper basin and many 
millions of dollars have been invested in irrigation works. 
As the water problems are becoming increasingly com
plex, more information covering more streams and under
ground water resources is necessary for proper and or
derly future development. Records of measurements of 
water resources have their principal value in their con
tinuity. Therefore, the necessity for continuance of key 
gaging stations and observation wells ·in no wise di
minishes with the increasing necessity of additional stations 
and wells. This necessity, for more than a decade past, 
has become more or less critical in the upper basin, and 
many temporary gaging stations have been established 
in ?rder to expedite the program of current investigations. 

Su:>.n.tARY OF EsTIMATED CosTs 

For acquiring necessary equipment, conducting investi
gations, and preparing reports on the water resources of 
the upper basin a continuing program is essential. For 
the first 3 years of that program, participation by the 
Geological Survey as here outlined will require funds as 
shown in the following table of estimated costs. 

St:RFACE WATER 

C ()lorado.-The Colorado portion of the upper basin is 
mountainous, and the chief industry is livestock raising, 
with agriculture subordinated to it. With the exception 
of the Uncompahgre and Grand Valleys, where large ir
rigation projects were built by the Bureau of Reclamation, 
the valleys are narrow and irrigation has been effected by 
means of cooperative and individual ditches. Although 
the total water supply is abundant, it is necessary to store 
the high-water flow for use in the late irrigation season. 
Many small reservoirs, most of them with capacities of 
1,000 acre-feet or less, have been constructed, Also, there 
are half a dozen larger ones, among which the largest 
are Green Mountain, Vallecito, and Taylor Park, each 
with a capacity greater than 100,000 acre-feet. 

The chief value of stream-flow records is in wnnection 
with irrigation, particularly transmountain diversions. 
The bulk of irrigable land in Colorado is east of the 
Rorkies and the surplus water is in the Colorado River 

TABLE CXXXIII.-Estimated cost of program-Upper 
Colorado River Basin 

Program Total First Second Third 
year year year 

' For installation of 8.'5 new 
gaging stations, at an av
erage cost of $1,000 per 
station _________ ----___ $50, 000$35, 000 _ ----- _ $85, 000 

For operation of new sta-
tions at an a vPrage an- l 
nual cost of $600 per 
station _____________ · ____ 30,000 51,000$51,000 132,000 

For rehabilitation of exist-
ing gaging stations .. ____ 20, 000 15, 000 15, 000 50, 000 

For operating 237 existing 
stations at an average 
annual cost of $600 per 
station ________________ . 142,200142,200142,200

1 

426,600 
For investigations of 

ground-water storage 
and withdrawal, for 
drilling test holes and 
permanent observation 
wells, and for progressive 
appraisal of ground-
water resources. _______ ~ 50, 000 50, 000 50, 000 150, 000 

For studies of the sediment 
loads in streams with re
lation to reservoir and 
channel capacities, and 
of the chemical quality of 
stream waters and of 
ground water with re-
spect to uses in agricul- / 
ture and industry_______ 81, 000 62, 000 62, 000 205, 000 

For miscellaneous studies 
of water facts, advisory 
service, and preparation 
of water utilization re-

' ports __________________ 15,000 12,000
1 

12, 000~~ 

TotaL ____________ 388, 200!367, 2001332,20011,087,600 

Basin, where physiographical conditions limit the oppor
tunities for additional irrigation. 

At the present time, several transmountain diversions 
take from the Colorado River Basin an average of 170,000 
acre-feet annually. This will be increased by several 
hundred thousand acre-feet by the Colorado-Big Thomp
son project, under construction, and the Blue River-South 
Platte diversion, under investigation. A study in the Gun
nison River Basin indicates a possible diversion to the 
Arkansas River Basin, and similar studies in the San Juan 
River Basin indicate several possible. diversions to the 
Rio Grande Basin for use chiefly in the San Luis Valley 
where the operation of the Tri-State Compact limits the 
water supply available for use in that valley. All of 
the.~e projects have important bearing on the final allot
ment of waters of the Colorado River Ba~in to the individ
ual upper basin States as contemplated by the Colorado 
River Compact. Accordingly, records of flow of the 
streams involved are fundamental to that allotment. 

Stream-flow records are not particularly needed for 
flood ~tudies in the Colorado portion of the upper basin 
because the basin is not subject to disastrous floods. Like
wise, such records at this time are not an important factof 
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in water administration e~cept in certain areas where 
water shortages occur. In the case of water-power de
velopments it is quite probable that, with the exception 
of small plants in the national forests, they will ue de
veloped chiefly at storage reservoirs constructed primarily 
for irrigation and designed as "multiple-use" projects. 

At present ( 1945) 149 gaging stations are being main
tained in cooperation with the State Engineer and also 
with the Colorado Water Conservation Board. Coopera
tion with the former started in 1933 and with the latter 
in 1941. The cooperation with the State Engineer com
prises a general study of the State's water resources, and 
with the Colorado Water Conservation Board it enables 
the Survey to maintain additional gaging stations urgently 
needed by the Bureau of Reclamation in its basin-wide 
studies. Of the stations being maintained, the Bureau of 
Reclamation equipped 60 and transferred them to the 
Survey for operation. 

Forty-four of these stations are situated in the Colorado 
River Basin above and including the Roaring Fork Basin 
where all the existing and prospective transmountain di
versions from the Colorado River and tributaries are lo
cated except those from the Gunnison and San Juan 
Basins. · Records at these stations are of particular value 
to the Grand Lake-Big Thompson diversion, now under 
construction, and to the Blue River-South Platte diver
sion, being studied, and to the Fraser River diversion for 
the city of Denver. At six stations records are made of 
the inOow and outflow of Green Mountain Reservoir on 
n.lue River. This reservoir, the largest in Colorado, pro
vtdes active storage of more than 100,000 acre-feet, pri
marily for late irrigation in the Colorado River Basin 
t~ rep~ace waters taken out of the basin by transmountain 
cbvl'rstons, and secondarily for the development of power. 
The base station in this area is on the Colorado River at 
~lenwood Springs. It has been operated continuously 
smce 1900. 

Scv.en ~ta~ions are situated between Roaring Fork and 
Gun~us?n ~tver .. The possibilities of additional irrigation 
are hmtted m thts section. 

~n t~1c Gunniso~1 Rivrr Basin 38 stations are being 
ma1~lam~d, of wh1ch 18 are for studying the po~sibility 
of. (hvertmg water from the Gunni~on to the Arkansas 
Rtv~r Basin, 9. are for small irrigation projects, 3 arc ba~c 
~tatt01~s at vanous points in the basin, and the remainder 

·are rhtefly for ~d~ini~lrativc purpo~es. The third largest 
~tora.ge rc~erv01r m the State, Taylor Park Re~crvoir, is 
m th.ts basm and 3 gaging ~lations arc maintained in con
nt·r.t.ton with its operation. 

Stxlt•rn g·tging ~ht'1 l · · . . . • · • ons arc >t'lll~ mamtameJ m the 
Dolores Rtvn Basin 1 · , one a ong-tcrm base station and 
the othns f 'II · · · ' · .or po11.~1 > c trrtgat10n projt·rts. 

In the San Ju·m B·· .1•0 •} 1 t • • • h. . • · <~s ,}'f s .ttwns arc m sen·1cc of 
w tch J arc for administration of the La Plata Rivn 
Compact lwtwn'l! Colorado and New ~lexica, 2 arc basl' 
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stations, 6 are for administrative purposes, and the re
mainder are for determining the amount of water that 
can be diverted from the San Juan to the Rio Grande 
Basin. 

The northwestern part of Colorado is drained by the 
Yampa and White Rivers, both tributaries of Green River. 
Ten stations are maintained in these basin~, two base star 
tions, one on each stream, and eight for irrigation investi
gations. 

Wyoming.-As in Colorado, the chief usc of stream
flow records is for irrigation, present and future. About 
200,000 acres are now irrigated in the Green River Basin 
in Wyoming by community and individual ditches, and 
although the total water supply is abundant, there is need 
for additional storage for irrigation during the late sum-

• mer months. There are opportunities for developing ad
ditional areas in the basin, and also in adjacent basins, 
the latter by means of transmountain diversions. Three 
of such diversions are under study-one to the North 

·Platte River Basin, and two to the Bear River Basin. 
Water administration at present is a very minor use of 

the records. Water power, except in relatively small 
amounts in the national forests will probably be developed 
at storage reservoirs constructed primarily for irrigation. 
Disastrous floods are not characteristic of the basin, and 
stream-flow records are not particularly needed for flood 
studies. 

Through cooperation with the State Engineer, which 
began in 1915, 35 gaging stations are being maintained. 
Since 1939 additional cooperation has been carried on 
with the State Planning and Water Conservation Board 
covering 35 stations, some of which were installed and 
maintained by the Bureau of Reclamation. That agency 
still contrirutes directly to the maintenance of 4 of the 
:15 stations. The stations are located as follows: 

In the Green River Ba,in, exclusive of the Henrys Fork. 
Blacks Fork, and Little Snake River Basin..'l, 19 stations 
arc being maintained. One of these, the Green River 
ncar Linwood, Utah, is the ba."e station, supported wholly 
by Fednal funds. It has been 0perated since 1928, and 
replan's the former ba."e station at Green Rh·er. \\'yo., 
0perated since 1915. 

Six stations are located in the Blacks Fork area where 
irrigation h.~.~ lnng been practiced and where supple
tnt'ntal supplil's are needed. 

Fi,·e stations are locatt·d in the Henrys Fork Basin, and 
four in the Little Snake River Bac;in. 

Utah.--The Vtah portion of the upper basin consist8 
largely of high plateaus, rugged mountains, and limited 
\'alleys. The Uinta Basin a;1d thr \';tlleys 0£ the Price 
and San Rafael Rin·rs are the prindpal agricultural area" 
whe1·e extensi\'e irrigation i~ practiced. Stock raising is 
an important part of thr agricultural industry. Rapid ag
rirultural drnloprnmt hrgan in the Uinta Ba~in in 1905 
fulluwing thr opening of lands that were sl't aside by Ex-
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e• utin· order of October 3, 1862, as an Indian reservation 
for some of t11e Ute tribrs. 

This development created serious need for re~t'rvoirs, 
and many of the lakes and basins on the headwater areal> 
of the Duchesne River and its tributaries have been dew 
vdoped for storage; others are under study. The Moon 
Lake Reservoir is one notable development recently made 
by the Bureau of Reclamation. 

Along the Price and San Rafael Rivers, irrigation de
velopment has outrun the natural regimen of the streams, 
and storage problems are of fundamental importance to 
future irrigation expansion. Several important reservoirs 
have been built by private enterprise and other important 
projects are planned. 

Water power in the upper basin in Utah is an im
portant resource on the Green and Colorado Rivers but 
of relatively small importance on the smaller streams. 
When large reservoirs are built on these main streams, 
considerable hydroelectric power will be available at the 
dams. · 

Settlement and growth of agriculture in the Utah area 
have created a growing need for additional stream-flow 
information. Accordingly, the cooperative stream-gaging 
program conducted by the Geological Survey with the 
State engineer was expanded in 1941. 

At the present time 45 gaging stations are maintained 
in the upper basin in Utah. New stations are of tem
porary construction and some are not provided with equip
ment for high-water discharge measurements. Several 
need rehabilitation or rebuilding. For more complete 
coverage of the streams of the basin at least 31 additional 
stations are needed and. 14 stations should be rehabilitated. 
A number of these are necessary to supply factual water 
data for the State's small reservoir program and for small 
transmountain diversions of considerable importance. 

Some of these stations would be situated in high re
mote areas and their accessibility would be relatively dif
ficult-a condition which requires relatively high mainte
nance costs. 

Water studies have not as yet shown the origin of 
mu( h of the silt now reaching Lake Mead. There are no 
gaging stations at suitable locations on the San Rafael 
Fr~mont, and Escalante Rivers, three. important tribu~ 
tancs of the Colorado River between Green River Utah 
and Lees Ferry. Stations are proposed on these ~trea~ 
near their mouths. Stream-flow measurements, silt 
samples, and quality of water data would be collected 
by a resident engineer assigned to ;ach arra because of 
the isolated and remote desert character of the region. ' 

J:o.:ew Afexico.-In the San Juan River Basin in 1\'cw 
~Iexico, eight stream-gaging stations are being main
tained. Four of these are situated at the following places 
on the main stream: one at Rosa which records the flow 
into the State from Colorado; one near Blanco which 
records the stream flow at Pump Canyon Dam Site; one 

at Farmington, installed in 1912 for general surface
water study and continued for long-time record, shows the 
stream flow below the mouth of the Animas River and 
inflow from arroyos below Blanco; and one at Shiprock 
which records the stream flow below irrigation diversions 
and into Utah. The other stations are situated on tribu
taries as follows: one on Animas River near Cedar Hill 
which records the flow into the State from Colorado; one 
on Animas River at Farmington which records the dis
charge of the Animas River into the San Juan River; 
one on the La Plata River near Farmington which records 
the flow from La Plata Valley into the San Juan; and 
one on Los Pinos River at Ignacio, Colo., near the Colo
rado-New Mexico State line, that records the flow into 
the State from Colorado. 

Summary.-The total number of stream-gaging sta
tions now being maintained in the upper basin is 237. 
Stream-flow records obtained at all of these stations are 
published annually in the water-supply papers of the Geo
logical Survey. Many stations are on small streams and 
are relatively close together, whereas others are isolated 
and not easily accessible. Under these conditions, costs 
of operation vary from approximately $275 to $1,000 an
nually per station. 1\Iany of the stations have temporary 
installations as some of them will not be needed after a 
few years. Others will be continued indefinitely and these 
must be rehabilitated. 

Present analysis of the needs for additional stations 
in the upper basin indicates a total of 85. It is estimated 
that within the next few years 10 of these will be required 
to furnish data for water administration of the large trans
mountain diversions now under construction or investiga
tion and for determining natural inflow into large reser
voirs. 

No fewer than 61 additional stations are required at 
this time to furnish more information to the Bureau oi 
Reclamation during its current investigations and to fur
nish the States with water data for small resen·oirs, etc., 
and at least 14 new stations are suggested for supplying 
stream-flow data to the Forest Service for its studies of 
water-power resources within the national forests .. 

GROUND WATER 

The development and utilization of ground water in 
the upper basin to date has been negligible. Geologic 
and hydrologic records are quite inadequate and ground
water areas are little known. There is need for thorough 
systematic study of the ocrurrence of ground water 
throughout the basin and the inauguration of the system
atic collection of water-supply records in order that the 
available supply may be determined and put to optimum 
usc in its relation to surface-water supplies. Return flow 
from irrigated area.s and the operation of extensive canal 
systems create it great demand for factual information 
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on which to base estimates of the effects of ground-water 
conditions on the development of. water projects. 

The principal objective of the compreh~nsi~e ground
water study in the upper basin is the quantitative evalua
tion of ground-water recharge, discharge, and storage. 
Such study will furnish data for solving the many problems 
that are controlled or affected in some degree by the oc
currence of water below the surface. The study can be 
made either by countries or by drainage basins; in either 
ca.~e giving first attention to those areas in which critical 
ground-water problems now exist or in which water pro
ject developments are in prospect. Items in this program 
include the collection of records of the quality of water, 
fluctuations of water levels in wells, measurements of water 
taken from wells, measurements of the gain in flow of 
streams that yield large quantities of water during fair 
weather, determination of direction and quantity of move
ment of the ground water, depth of the ground water be
low land ~urface, water-yit:lding properties of the forma
tions al!d their thickness and areal extent, areas in which 
large quantities of ground water are used by vegetation, 
amount of rainfall penetration to the subterranean reser
voirs, serpage from canals and reservoirs, and the mapping 
of areas in which artificial recharge may be practiced 
successfully. 

The evaluation of these factors will provide basic in
formation for determining the effect of diversions from 
streams on the flow of these streams in their lower reaches, 
the trend of the ground-water levels in areas of heavy de
velopment, and the perennial yield of the water-bearing 
formations, the effect of pumping from wells on the flow 
of streams, and the effect of the construction of dams . . . ' 
mtgat10n canals, reservoirs, and drainage ditches on the 
level of the water table and on the flow o£ streams. 

T.he !allowing procedure for conducting ground-water 
studtes m the upper basin is proposed: 

( 1 ) Devote first attention to those areas in which criti
l:al ground-water problems now exist or in which water 
project developments will soon take place. 

( 2) Ascertain by drilling test holes, the character, thick. 
ness, and areal ~xtent of the water-hearing formations; 
the character, thtckness, and areal extent of the alluvium 
in the .valleys of the streams; and the location of permeable 
~epo~'t.ts heneat~ the uplands. This method of explora
tiOn will he particularly valuable where geologic conditions 
cannot be ascertained by inspection and where the de
velopment of new water supplies is vital. 

( 3) Make pumping tests wherever possible. Recent 
adva~cet~lent in pumping-te.~t methods facilitates the de
termmatton of the water-yielding properties of formations 
~nd provides practical means for dt•termining well ~pac· 
mg . . r 

·' qu~ntltlr.s 0 water to be expected from wells of dif· 
fercnt stze draw-dow 11 of . d I 1 . f . ' . g10un -watl'r l'W , mter erenre 
of one well With another, amount of watt'r dcrivt'd from 

THE COLORADO RIVER 

flow of nearby streams, local geologic conditions affecting 
the occurrence of ground-water, and the design of wells. 

Geologists with ground-water experience will study and 
correlate the samples obtained from the test holes and 
outcrop of the formations. Such study will aid in plan
ping further test drilling in locating new supplies, and 
1mproving existing supplies. . 
1 

( 4) Records will be obtained of the quantities of water 
· withdrawn from wells throughout the ba~in in order that 

these data may be available for use in conjunction with 
studies of fluctuations of water level in determining the 
perennial yield of the formations. Records will be ob
tained from each town, irrigated area, and railroad and 

. industrial plant, and measures will be developed for ob
taining continuing records of this kind for keeping a cur
rent inventory of ground water. 

In order to determine the trends of ground-water levels 
and the changes in ground-water storage, the inventory 
records will include measurements of water levels in wells. 
The number and location of these observation wells will 
depend upon the importance and complexity of the 
ground-water conditions. Some of the wells will be 
equipped with automatic water-stage recorders, others 
will be measured once a week, once a month, or only a 
few times a year. New observation wells will be placed in 
areas of heavy ground-water pumpage and in areas in 
which water development projects are to be made. They 
will also be established near darns, reservoirs, irrigation 
canals, and drainage ditches, in order to determine the 
effects of the operation of these structures on ground
water conditions. Maps will be prepared, where feasible, 
showing lines of equal depths to water level. 

( 5) The study will include mapping of areas where 
there may be a building up· of ground-water storage 
through artificial recharge from reservoirs and irrigation 
canals and where the flood flows of some of the streams 
can be diverted in such a manner that there will be seepage 
into the subterranean reservoirs where geologic conditions 
are favorable.. Lowering of the water table along streams 
produces conditions favorable for artificial recharge in 
the sense that seepage in them is induced from the streams 
into the subterranean reservoirs. The location of wells 
near streams to take advantage of this source of water, 
including the filtering action of the sands and gravels and 
more uniform temperature of the ground water, will un
doubtedly prove valuable in the solution of many water-

. supply problems. The ground-water study of the basin 
will indude the mapping of stretches of the stream \'alleys 
that are favorable for this kind of ground-water de\'Clop
mrnt. 

( 6) The data gathered in the fidJ study will be inter
prrted by comprtent engineers and geologists and both 
the data and the interpretation will be prtsented in com· 
prehensive rrport.s, which will con!'titute an inventory of 



COOPERATING INTEREST~GEOLOGICAI; SURVEY, 229 

the ground-water resources of the basin. The interpreta
tion of the data will be directed toward specifying new 
source~ of water supply for cities, railroads, farms, indus
tries, and irrigation, and methods of improving the present 
supplies. 

The experience of the Geological Survey indicates that 
studies made in the detail outlined above require an aver
age total expenditure of $10,000 or $15,000 per project 
area, consideration being given to the fact that some areas 
will require a much larger expenditure ~an others. 

QuALITY oF WATER 

The available information on the quality of water in the 
upper basin serves as an indication of the chemical char
acter and concentration of the water at certain points in 
the basin, but information is needed on the quality of the 
water in the headwaters of the main stream and its prin
cipal tributaries, and also on changes that are taking place 
and may take place through changes in the regimen of the 
stream. Because of diversion from the headwaters to 
other drainage basins there will be changes in the quality 
of the water in the streams below the diversions, through 
utilization of water for irrigation and other purposes there 
will be changes in the quality of water, and during storage 
in reservoirs there will be changes caused by evaporation 
of large volumes of water and the accompanying concen
tration of dissolved solids. Water utilization in the head
waters, which will cause changes in chemical character of 
the water, will have an effect on the quality of water avail
able below the headwaters and the effect may be notice
hie at the lower end of the lower basin. 

Sediment records for the upper basin will be of value 
in planning for utilization of the water in both the upper 
and lower basins. 

Brief descriptions of quality of water and sediment 
studies for the upper ba~in are given in the following 
paragraphs: 

Quality of water for industrial and agricultural pur
foses.-It is desirable to have information on the changes 
m concentration and character of waters that are paten· 
tial sources for industries and public supplies. The re· 
quirements for industries are rigid and complete informa· 
tion on the quality of the available supplies is needed in 
making plans for industrial processes, The value of a 
water supply for industrial purpo~es may be seriously im
paired because of previous uses to which the water has 
been put, especially when the source may be contaminated 
because of such uses. The comprehensive records pro
posed for this study will give the data neces.~ary to de· 
tcrmine the usefulness for most industrial purposes. 

The quality of a water for irrigation purposes is de
pendent on the nature and the amount of dissolved con· 
stituents in the applied water, and on the amount of dis· 

solved solids that can be removed from the irrigated area, 
so that studies must include the determination of the con
centration and chemical character of the waters used as 
irrigatio11 waters and abo of the drainage waters. For the 
computation of quantities of dissolved solids carried onto 
and removed from an irrigated area, it is necessary to 
have adequate stream-gaging records, and all samples 
murt be collected at points for which stream-flow records 
are available. 

rn the upper basin information is needed on the quality 
of the available ground-water supplies. In irrigated areas 
it will be necessary to collect samples of the normal ground 
waters and also of drainage waters. Such a sampling pro
gram is needed for the Grand Valley project area near 
Grand Junction, Colo., because of the high concentrations 
of dissolved solids in the drainage waters and because of 
the incr~ase in concentration of the river water between· 
the head and lower end of the project area. For most 
ground-water sources, one complete analysis and the par· 
tial analysis of from 3 to 12 samples each year will be 
needed tiJ give the desired information. For surface
water sources, it will be necessary to have daily samples 
on whlch one or more determinations will be made to 
determine changes in concentration. As a rule, the 
samples for ten consecutive days will be made into one 
composite sample for a complete analysis. 

Sediment transportation.-Sediment samples have been 
collected regularly for a number of years at the following 
gaging stations: Colorado River near Cisco, Utah; Green 
River near Green River,. Utah; and San Juan River near 
Bluff, Utah. The records for these three stations show 
the loads of sediment carried at the chosen sampling 
points, but no other information is available to show the 

. sources of the sediment. Moreover, the sum of the loads 
carried past these three stations has amounted to about 90 
percent of the flow at Grand Canyon. Studies should be 
made to determine the sou;ce of this unmeasured sedi
ment. It is likely that considerable quantities of sedi
ment come in from the San Rafael, Fremont, and 
Escalante Rivers. It will be expensive to obtain records 
of discharge and sediment in these streams because of 
the isolation of the lower reaches of these rivers, but to 
obtain a complete picture of the sediment transportation 
in the Upper Colorado, it will be necessary to obtain these 
records for a period of years. 

The concentration of sediment will be determined for 
all samples and an average concentration will be com
puted, which with the discharge records, will furnish data 
for computation of the daily loads of suspended sediment. 
Extra samples will be collected for the determination of 
the sizes of the particles of sediment and with similar 
information for deposited sediment, it will be possible to 
estimate the nature and rate of deposition of sediments in 
reservoirs below the sampling points. 
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WATER UTILIZATION t 
I 

The international and interstate aspe~ts of t~e C ora do 
River and the unique basic importance tt has 111 t settlc

nt and development of the Southwest make n erous 
~~problems incident to the utilization of the walers.of 

. its drainage basin. Among these p~oblems are th~:e~m-
. 1 , d . the determination and delivery of quantttle. of 

'·0\C Ill· · . , 
water to Mexico in the administrati~n of treaty provts~ , s 
and to the several States as providcJ m the Colora.do Rt~r 
Compact, those of administration by the respective. babn 
States of their water resources, and those of operatiOn · Y 
Government and private agencies. In ways that will con
tribute most effectively to the solution of these problems 
the w~ter program of the Geological Survey .is designe~. 
This program embraces not o~ly the colle~tiOn of .baste 
information relating to quantity and qualtty of stream 
flows and ground waters-comprising an inventory of the 
water resources--but it also inclu~es special. phyt'.ical a~d 
economic inf~mnation for analytical and mter retatlve 
reports that wili be useful in the consideration o. the best 
method of utilizing the water supplies and to J1 ~ndering ad\ i:-on· sen·ice on the subject. , 

Fidd investigations and surveys constitute an integral 
part of the work incident to these special studil~, and re
ports. In the program for the Colorado River the reports 
would present authoritative historical data concerning 
floods and droughts, the development and status of utiliza
tion of the surface and ground-water resource~, and other 
data that would clarify questions regarding natural flow 
and the po~l>ihle influence of climatic oscillations and 
change'S wrought by man. Such information is funda
mental in the determination of the rcspe~:tivc interests of 
the States in the waters of the basin and in the considera
tion of the availability and suitability of the water supply 
for various industrii"S and activities which may be con
sidered for establishment in the basin. 

The report~ also may include studies of specific •plans 
of water development with such surveys of sites and proj
ect~ including physical and economic aspects as are neces
sary for evaluating the merits of diiTerent schemes of 
dt•vclopment. 

One type of survey is the "river :mrvey" which com
prisrs a plan and profile of the stream with elevations o£ 
water surface, and contours showing the detailed topo
graphy of the land adpcent to the stream hell. Tlwse 
surveys are primarily for dl'termining possibilities of de
veloping storage and water puwn. Some of the earlier 
maps ~how only the plan anJ profile of the ~trcam with 
very little topography. The more rcrtnt surwvs show 
topography, usually to a hdght of ~()0 feet or mo;e abo\'C 
the. water surface. The srale gcnrrally us(•d by the (kn
logtcal Survey for river surwvs is 1 :3 I ,()flO or half a mile 
to the inrh. The routour intl'fval ordinarily is 20, 25, or 
50 feet on lanJ and 5 feet on tht~ wall'r surfan'. Dam 

THE COLORADO RIVER 

. sites and reservoir sites are often shown in greater detail 
on larger scale. . 

Where the more detailed river surveys have not been 
made studies of river development are greatly aided by 
the i~forrnation contained on the standard topographic 
maps of the Geological Survey in areas where such maps 

are available . 
I Water Supply Paper 558, Preliminary Index to River 

Surveys made by the United States Geological Sun:ey and 
other Agencies, and supplements thereto .now hst and 
briefly describe all of the river surveys available.. They 
are also delineated on the indexes to topographiC maps 
that are published from time to timet~ sho~ areas covered 
by standard topographic maps, geologic fohos, etc. 

In the matter of advisory service, the program embraces 
close cooperation with State engineers and other offici~ls 
charged with duties involving water resources, also wtth 
the Committee of Sixteen which is the agency of the seven 
Colorado River Basin States created for the purpose of 
coordinating the respective interests of the States in ~he 
waters of the basin and determining the comprehenstve 
and orderly development of them. . . 

Advisory service is unbiased. It 1S ~ased on anal~1S 
and treatment of statistical facts, the sig~uficance of whiCh 
is not always readily apparent. It has been found that 
some kinds of analysis enter into nearly every water-supply 
problem, and indeed, the availa~ilit.Y ~f such basin anal
ysis may encourage, or hold to wise hm1ts, as t~e case may 
be, the application of the records to the solutwn of water 

problems. . 
The upper basin is one of the numerous basms of the 

West where deficiencies in hydrologic research are com
mon and many basic studies and investigations are needed. 
These should include studies'in precipitation, temperature, 
and run-ofT and all phases of climatological history th:l.t 
will aid in extending knowledge of climatic behavior. 
Furthermore, a quantitative hydrologic inventory will pro- . 
vide a great many facts regarding the water resources for 
use in statistical analvses, and studies of the intimate rela
tionships of streams ~ith such factors as precipitation, in
terception by vegetation, infiltration, soi.l moisture, run-~ff, 
surface and ground storage, rvaporation and transptra-
tion. 

The administration of land and water uses and con
servation programs im·ohe many kinds of water problems 
that are common to the arid region and in many areas 
whrre no gaging station records arc a\·ailabk the inform~
tion denloped in these studies san·s as a basis for esti
mating a\'ailahlc watrr supplit·s. Hydrologic conJitions 
are, of course, JifTercnt in most basins and for that rea~on 
the tl·chniquc applied in hydrologic research is mo~li.fid 
hy the adequacy of the data on hand and the rondttwns 
peculiar to the basin under study. 

Thus far, four water-utililation reports on thr Colorallo 
Riwr are a\'ailablc as publi~hell "ater supply paprrs. 
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The first one of these, Water-Supply Paper 395, Colorado 
River and its Utilization ( 1916), covers the pioneer work 
of assembling the principal facts relating to the subject, 
and especially of studying the possibility of controlling the 
flow of the whole river and rendering it available for 
profitable' use. 

The second, Water Supply Paper 556, Water Power 
and Flood Control of the Colorado River below Green 
River, Utah ( 1925), was at that date latest compilation 
of data relating to the water supply of the Colorado River 
Basin and the results of all surveys of sites for reservoirs 
and power dams. Only a small part of the upper basin 
is covered in this report. 

The third, Water Supply Paper 617, Upper Colorado 
Ri\'l~r and its Utilization ( 1929), presents important facts 
relating to the water resources of the Upper Colorado 
River and its tributaries to afford a basis for comprehensive 
consideration of their development and utilization. 

The fourth, Water-Supply Paper 618, The Green River 
and its Utilization ( 1930), sets forth the available phys
ical facts with respect to the present and probable utiliza
tion of the Green River and its tributaries to serve as a 
guide in the agricultural and industrial growth within that 
basin. · . 

In addition to these p~blished reports, the following · 
manuscript report has been prepared and is open to pub
lic inspection in the offices of the Geological Survey in 
Washington, D. C., and Denver, Colo.: Water utilization 
in the San Juan River Basin, by E. C. La Rue. 

Jf ater development for stock use.-Stock raising is one 
of the major industries in the upper basin, which con
tains many thousands of acres of grazing lands under the 
administration of the Grazing Service and Office of In
dian Affairs. The quantity and availability of the forage 
crop on these lands are dependent on the availability of 
stock water at suitable locations. Only a portion of the 
range lands has ample·water so distributed as to make 
full and efficient use of the forage crop year after year. 
.Forage on lands situated far from water is unused while 
lands near water are overgrazed, often to the point where 
serious deterioration of the vegetative cover and destruc
tive erosion of the soil mantle is taking place. There is 
pressing need for numerous and properly spaced range
water supplies in order that overgrazed areas may be 
relieved and given opportunity for recovery. This can 
be accompli:-hed with little or no interference with the 
livestock industry if presently unused areas are made 
a\'ailable for grazing by providing additional range water. 

The Department of the Interior, Office of Land Util
ization, looks to the Geological Sur\'ey for information 
and advice concerning water supplies on the public range. 
Immediate and pressing needs for such sen ice on the part 
of the land-management agencies of the Department have 
taxed beyond limit the inadequate facilities of the Survey, 

and in some instances developments have been undertaken 
without benefit of adequate geologic investigation. De
mal}ds for ground-water prospecting too often crowd the 
driller onto the heels of the geologist, and advice given 
under such conditions is without the background of geo
logic mapping, exploratory drilling, or geophysical sur
veys that are essential to intelligent application of geologic 
and hydrologic principles. 

With the anticipated future development in the upper 
basin, requests for advice and information on well loca
tions and other water-development projects will increase 
materially during the postwar period. 

Stock tanks for impounding surface water are an im
portant item in the water development program for stock 
use. Construction of these tanks, too often, is considered 
a simple task of excavation without regard for geologic 
formations which are so vitally important in connection 
with seepage losses, run-off characteristics of the contribut
ing drainage area, silt movement, spillway capacities, and 
evaporation losses that contribute to the safety, life, and 
efficiency of the tank. Ineffective stock tanks emphasize 
the necessity of factual data on which to base design and 
select locations. Tanks, of necessity are usually con· 
structed on washes and stream courses where the flow is 
erratic and infrequent. Virtually no hydrologic data are 
extant on drainages of this character. For this reason, 
specially designed stream gages are needed on representa· 
tive "dry washes" to obtain water supply data. Such in
stallations are proposed by the Survey as funds and equip
ment become available. For determining evaporation 
and seepage losses, staff gages have been installed in a few 
tanks. This study should be expanded to other areas 
having different hydrologic and climatic characteristic~. 
Rainfall and direct evaporation losses are obtained from 
gages installed at strategic locations and from nearby 
Weather Bureau stations. Analysis and correlation of the 
information above mentioned provides the necessary fac
tual data for design of stock-water tanks and gives reason
able assurance of successful performance and long-life 
service of the tanks. Such a program also reduces the 
tremendously high aggregate cost of haphazard develop
ment so commonly associated with inadequate base data. 
It is equally applicable and important in the lower basin. 

The upper basin is scarred by myriads of erosion chan
nels, and many valleys are being trenched by deep gullies 
that drain the ground-water level beyond the reach of 
plant roots, thus drying up and making valueless large 
tracts of land that formerly produced quantities of excel
lent forage. Silt from these areas becomes a potential 
menace to farm lands, irrigation canals, roervoirs, and 
sometimes to towns. The cause of what is often called "ac
celerated erosion" has been the subject of repeated cross
arguments for some years. The Survey program with 
respect to this problem involves the collection of factual 
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information on the subje~t, and the recommendation of 

remedial measures. . , 
In the San Juan Basin, the Geological Survey m 1934-

%, inade detailed surveys of three washes th~t h.ad ~roded 
through deep valley fill to bedrock and had mdlcatwns of 
active and aggressive head cuts. These surveys were 
made with a view to remapping at intervals in the future 
to note the changes taking place. · Th~ areas w~re .re
surveyed in 1944. Continuous observatw~s of th1s.k~nd 
will furnL~h factual information to be used m determmmg 
causes of the ensuing changes and for making plans to 
arrest or control the erosion. Similar studies are needed 
in many parts of the entire Colorado River Basin. These 
studies should include buried horizons or other evidence of 
previous cycles of cutting and fill, and with geologic and 
climatic facts a detailed historical chronology of gully 
erosion will add valuable information to assist in solving 
the problems of so many western valleys. 

Lower Basin 

The L~wer Colorado River Basin embraces approxi
mately 131,500 square miles in the United States. Since 
it is international and interstate,· contains mountain pla
teaus and desert valleys, is arid to semiarid in climate, ex
tends through 8° .in both latitude and longitude with ele
vations varying from 100 feet to 1 ~,000 feet above sea 
level and has vegetation ranging from heavily furested 
areas and riLh irrigated farm lands to desert growths, its 
water problems are many and varied, and exceptionally 
important because of the limited supply in, spite of seasonal 
flood menaces. As precipitation is heaviest in the moun
tains, water is most abundant in the eastern ami northern 
regions, with perennial stream flow utilized largely for 
irrigation in the southwestern regions. Problems of water 
availability and use, including those which result from 
Colorado River water originating in the U ppcr Colorado 
River Basin but available to the lower basin and ~lexica, 
arise in all parts of the basin and are very acute in many 
sections. 

The Survey's current program of water investigations in 
the Lower Colorado River Basin is conducted in coopera
tion with the States which are wholly or partly within the 
basin, and with other Federal bureaus, notably the Corps 
of Engineers, United States Army, and the Bureau of 
Reclamation. Its plans, "':hich contemplate expamions 
of the program along all lines of the Survey's artivitie~ re
~atcd to water in an attempt to meet the di\'erse and grow
mg Federal, State, and !oral needs, are included in the 
statements set forth below. 

SuMMARY m· EsnMATEn Cosrs 

. Rcromm,~JH1ations fllf water rc~ourccs in\'l'l'tigations 
1

11 the Lower Colorado River Ra.sin during :l years in the 
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postwar period for expansion of activities beyond current 
programs are given in the following table: 

TABLE CXXXIV.-Estimated cost of program-Lower 
Colorado River Basin 

Program year year year 
First 'I Se~ond Third Total 

----------1---'---------
Surface water.-For instal

lation of 29 new gaging 
stations at an average 
cost of $2,050; for opera
tion of 29 new gaging sta
tions at an average of 
$910 per annum; for re
habilitation work on the 
existing program of 101 
gagiug stations, $3,330 per . , . 
annum __________________ $31,000$41,000$50,800$122,800 

Ground water.-For inven
tories of ground-water 
storage and withdrawal, 
drilliug test weliB and per
manellt ob~ervation wells, 
geophysical and. geological 
survevs, expenments of 
clear.ing river-bottom 
growth, and estimates of 
perennial ground-water 
vield. ------------------ 125,000175,000125,000425,000 

Or;ality of water.-For qual- I 
it.v of water studies, in-
cfuding both chemiral 
quality with special ref- . 
erence to uses in agricul- I 
ture and industry and to 
silt content in its relation 
to reservoir and channel 
capacitil'S_. _______ • _ ••.• 104, 000 85, 000: 85, 0001· 274, 000 

Water ulilization.-For uti
lization studil>s rt'lated to 
problems in water power, 
navigation, irrigation, and 1 . 

range dewlopment and , 
opl'ration _______________ l7,000 6,000 6,ooo: 19,COO 

----1--~---
TotaL. ____________ 267, 000

1
307, 000 266, 800

1 
840, 800 

I t· I 

Su.RFACE WATER 

Surface water is used largely in the Lower Colorado 
Rh·cr Basin for irrigation, hydraulic power. indu~try, min
ing, and domestic supply.. The supply necessary to meet 
the~e needs or uses i~ limited, and therefore, records result
ing from an im·estigation of. the quantity and distributio? 
of surface water are of prime importance. The im-estl
gation of the availability of surface water is a continuing 
onr, each record increasing in \'alue with each pas:;ing 
year, records of 10, 20, and 50 years incrca.~ing propor· 
tionately in \'alue and importance because of season;U 
changes and hyJrologic cycles in precipitation and stream 
flow. Emphasis of the nec('!;.~ity for continuation anJ 
extrnsiou of such a program cannot be stressed too often. 
Data resulting from tht·se in\'cstigations arc published an
nually in the water-supply papt·rs of the Geological Sun ~v. 

·As mcntiont•d in the introductorv statement, these Ill· 

wstigations are financed by Fctkral.fund~. by coopa.lti,·e 
funds pro\'ithi by Statt's and municipalities, and by funJs 
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furnished by other Federal agencies. The various non
Federal agencies in the respective States providing funds 
for support of this work are as follows: 

Arizona: Office of State Land Commissioner, 0. C. 
Williams; Salt River Valley Water Users' Association; 
San Carlos Irrigation and Drainage District; 1\faricopa 
County Municipal Water Conservation District No. 1. 

California: l\fetropolitan Water District of Southern 
California (for certain stations on Colorado River in Ari
zona and California and on Williams River). 

New Mexico: Office of State Engineer, T. M. Mc
Clure; New MeXico Interstate Stream Commission, T. M. 
McClure, Secretary.· 

Utah: Office of State Engineer, E. H. Watson. 
Federal agencies providing financial assistance are the 

Corps of Engineers, United States Army; the Bureau of 
Reclamation, United States Department of the Interior; 
and the Defense Plant Corporation. 

The program in the Lower Colorado River Basin neces
sarily relates to problems of an intrabasin, interbasin, in
terstate, and international nature. It relates to develop
ment plans that include the possibilities or irrigating large 
areas of fertile lands, coordinated with the development of 
hydraulic power. It must be related not only to present 
and future developments for industrial, mining, munici
pal, domestic, irrigation, or power uses, but also to admin
istrative requirements with reference to political boun
daries, to the Colorado River Compact and possible inter
national agreements, to court decrees, to hydrologic studies 
such as reservoir and channel losses, flood control and re
charge to ground-water reservoirs, and to transmountain 
diversions. Thus gaging station sitCll must be selected 
carefully to meet present requirements and the program 
should be expanded to new sites where records are needed 
for new needs or projects. 

At the end of August 1944 the Geological Survey in 
cooperation with other .federal and State agencies was 
operating 101 gaging stations in the Lower Colorado 
River Basin, including 21 stations pertinent to the main 
stem of the Colorado River itself, 5 of which are in sub
basins near the mouth of tributary streams. For a more 
complete coverage of the streams in the basin and for 
meeting fully current and postwar needs for the develop
ment, utilization, adjudication, and administration of the· 
waters in the Lower Colorado River Basin and to aid, 
enlarge, and develop inadequate records now being ob
tained for present requirements, the establishment and 
operation of 29 additional stations is recommended. The 
existing stations and those proposed are not limited to 
any one use but relate to many; in addition they establish 
a general surface-water pattern over the entire area. 

The distribution of the existing stations, and of t!1e 
additional stations, among the principal areas lf the 
ba~in and among the States is as follows: 

709515-40-16 

J!::mtinu Additional 
Areas: t14twna 1/.a.tiort-~ 

K~n~b ~reek Bll.l!in·-·----------------Vu·gm R1ver Basm ___________________ _ 1 0 
6 4 

.Little Colorado River Basin ___________ _ 13 5 
Colorado River main stem _____________ • 
Williams River Basin------------------

16 5 
4 0 

Gila River Basin _____________________ _ 61 15 

TotaL---------------------------- 101 29 

States: 
A0ri1zuona~---------------.-------------- 74

7 
22

3
. 

a omm ____ ... __ • ___ .- _. __ •• _------
Nevada·----------------------------- 0 2 
New Mexico_________________________ 14 0 
Utah·------------------------------- 6 2 

TotaL •..•.. ---------------------- 101 29 

The existing program of 101 gaging stations requires 
approximately $112,000 per annum for operation. Be
cause of the inevitable deterioration of structures and 
equipment during the war period when maip.tenance wl.S 

reduced or stopped because of scarcity of material, $10,-
000 is now needed for the rehabilitation of existing gaging ' 
stations. For the expansion to 29 additional gaging sta
tions, $59,500 is required for installation, and amounts 
cumulative to $26,400 per annum for the third of 3 years 
for the operation of the 29 additional stations. 

GROUND WATER 

Current need.-The importance of ground water in 
the Lower Colorado River Basin is apparent from the 
fact that in 1943 a total of more than 2,000,000 acre-feet 
of ground water was pumped in the basin for public 
works, industrial supplies, domestic supplies, and farms 
and ranches. In several parts of the basin the ground
water supply is already being depleted and in others rt 

is rapidly approaching that stage; in other parts, however, 
the supply is ample for increased development and there 
are probably areas where the resources have not been 
. discovered. 

A large amount of the water supplies of the basin are 
wasted through transpiration by worthless valley-bottom 
vegetation. The amount lost by this process in the basin 
is roughly estimated as 1,000,000 acre-feet annually, 
The problems related to the destruction of this vegetation, 
the prevention of its future growth, and the erosional and 
other changes that would ensue, are so complicated that 
much more investigational work must be done to insure 
their economic and safe solution. 

The increasing mineralization of the ground water·and 
possible means of abatement should be investigated in 
several of the greatly developed parts of the basin. 

The water-bearing formations tapped by wells, and 
from which springs issue, vary' greatly in character, thick
ness, and areal extent over the basin, as do the hydrologic 
factors that control the development and utilization of the 
ground water. The development to date has been 
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chiefly unpla~ed owing to inadequate geologic and hy
drologic records and imperfectly u~derstood ground
water principles. Thorough systematic study. of th~ o~
curr~nce of ground water throughout the enure basm ;s 
needed. as well as the systematic collection of water rec
ord~, h1 order that the available supply may. be put to the 
most advantageous use. The necessity for such a study 
h.:u> Lecn made apparent by the declining water levels ac
companir,l !:-~· the diminution of the supplies obtained 
from wells ia sumc places; by the difficulties encountered 
lw cities and railroads, farmers, stork raisers, and others 
i~ obtai11ing a•lequate supplies of good quality; by pro
long-ed kgal rontrOH'rsies on:r water rights; and by the 
great dt~mand for fachml information on which to base 
estimates of the etTccL.-> of ground-water conditions on the 
dt:Yelopli'e'1t f•f water project:;. 

The prh:, ip.1l ohjectiYC of a ground-water study of the 
Lower Colorado River Basin is the quantitative C\'aluation 
•A ground~watcr recharge, discharge, and storage, and the 
obtaining nf data for solving the multitude of problems 
arising frrnn the occurrence and use of ground water. 
11,c .,;t11Jy shc·uld be made systematically by valleys and 
should include the collection of records of quality of the 
water, pumpage from wells, fluctuations of water levels in 
\vdh, measurements of the gain or loss in flow of streams, 
determination of direction and quantity of movement of 
the ground water, depth o[ the ground water below the 
land surface, water-)ielding properties of the formations 
and their thickness, and areal extent, areas in which large 
quantities of ground water are used by vegetation, amount 
of rainfall penetration to the subterranean reservoirs, seep
ag~.: from canals and reservoirs, and the mapping 
vf areas in which artificial recharge may be practiced 
successfully. The ev~Juation of these factors will pro
vide basic information for determining the effect of divcr
s.iotlS from streams, the trend of ground-water levels in 
areas of concentrated developments, and the perennial 
yield of the water hearing formations, th~ effect of pump
ing from wells on the flow of streams, and the efTrct of the 
construrtion of dams, irrigation canals, reservoirs, and 
drain<tgc ditches on the lcvd of the watt:r table and on the 
flow of streams. To a large r'l:tcnt the future den·lop
ment of the b.u;in will depend on obtaining permanent and 
adequate supplies of f,;•)()d water and obt;tining the maxi
mum usc from the supply perennially avaibhk. There
sulL~ of ~he~ study will, thcrrfore, be of great practical anJ 
econom1c lmponunre to the rc,idcnts in the basin who 
must ah, a~ depend largely upon wells and springs. 

.ce,~.:rul grouud-u:atcr conditions in the basin.--For 
thiS dL~ru~!on the hasin is dc:o.cribed in two part.~. the 
pbt:au rrgHJ!l, anJ the ba~in anr} range rrg-ion. 

1hc f>lateau rc "ion ts' · •1 . h \ · · ... n llort e.t~ltrn : nwna south-
e·Jstern U t· 1 l ' :. ;t l, :-out me~tern Color.Hin, and northwc:-tnn 
~c·~· ~r •. ..,.,o .. It con:-.ti.tutc;, 111<•.-:t of the ph)~io~raphic 
dt, I. I on ktHm n as the ( .ol<tradn pl.ltraus. It is arid to 
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semiarid and includes all of the Little Colorado River 
Basin, the eastern part of the Virgin River Basin and the 
headwater basins of the Gila and Salt Rivers. The region 
is underlain by sedimentary formations and laval flows of 
Carboniferous to Recent Age. The formations are suffic~ 
iently warped and broken to cau~e a close relation 
between rock structure and the occurrence of ground 
water and a marked variation in ground-water conditions 
from place to· place. The Coconino sandstone is the 
principal aquifer of the area with other standstones and 
conglomerates supplying water in local areas. Large 
flowing wells are obtained from the Coconino sandstone in 
some localities but usually the supply is only sufficient for 
domestic and stock use. I\ ortheast of the Little Colorad() 
River this standstone usually produces salt water only. 
The limestone beds and lava flows are also fair aquifers 
in local areas and at the edges of the high mountains large 
amounts of water are recharged into them. One of the 
major problems of the area is to find what becomes of 
this water. Another major source of water is from the 
valley fill of Tertiary to Recent Age in the valleys of the 
Little Colorado River and its larger tributaries. This 
source is supplying water for some irrigation and can pro b. 
ably supply more, ~pecially if the waste by tran~piration 
from large areas of valley-bottom ,·egetation <Jong the 
Little Colorado River can be eliminated. In some parts 
of this region, water even for stock or domestic use is e.x· 
tr{'mdy hard to obtain. One large ranch expended more 
than $100,000 for test drilling with ,·ery little succe.-'5. 

The basin and range region is part of the ph)sic£!faphic 
di' i.~ion known as the basin and ran:.::e pro,·ince. It forms 
the: southern part of the lower Colorado River Basin. It 
is an arid region of mountain ranges elongated in a north
'\\Nerly direction with wide intervning val!:-:-s filled wi~h 
dl Lris from the erosion of the mountains. ~f uch of this 
fill is relatively unsorted sand, silt, anJ !;ravel, but some 
of the materi.J, deposited in (.IJ bke basi~1s, jg well sorted. 
The bke bed days give ri~e to artesian ronJitions in some 
of the vallers. In the area nrar L!.S Ye!!<~S, ::\ev., large 
amounts of water are used from artc~ian "Jls for irriga
tion and city usc, awt for a large army camp. .\ l:1.rf:'e 
part of the artesian supply in this area is w:lstecl through 
uncontrolled llt•wing '' dl~ and bulty ca.:;ing. 

Drafts 011 grrund 1cala.-J n the Gila and ~;una Cruz 
Rin·r Basins of .\riwna. a pump.:tge im en tory made in 
1943 indic.1ted the approximate pumpage from the al
l1t\·ial fill hi' wuntie.~ to be as r:)llows: Pinal Clmntv 515.-
0 10 acre-fret. Pima and Santa Cruz c,,untit"!' t"!5.0UL) 
at rc-fn:t, Grah:tm Cmmtv 36.0UO arre-fl'l'l and Grt'cnkc 
G·unty, ~\ri1.., and Hidalgn County. X ~r~x. i,OOO ace· 
ki·r. It is l'Stim.lted that the pumpage in ~hricop 
Cc tnty w.1s l.OOO,OUO :1Cre-ft•et. During the p L't scn-r:U 
)'l'a: '· water-len-! llll'.L~un·ments siH''' eLl th.lt in ~rwr -t1 
are~, water lcnls \\Cte rontinuou~t" declining, indic'.Hin._:
that tk pumpage \u~ in exn's$ of tl~l' ~.tfe IW;l'lllti;,l ~ idJ.. 
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This was true in the Eloy area of Pinal County, the areas 
conrentrated pumping in Pima and Santa Cruz Coun· 
ties, and the parts of Maricopa County that depend solely 
on ground water for irrigation. Accelerating the decline 
in water levels was the waste of water by transpiration 
from valley-bottom vegetation. In the Gila and Salt 
River Basins, in :Maricopa and Pinal Counties, it is esti· 
mated that this waste probably amounts to between 400,-
000 and 500,000 acre-feet a year, and in Safford Valley 
in Graham County the annual waste amounts to 70,000 
acre-feet. The value of the water for irrigation is also 
deteriorating as its mineral content inc;reases through con
centration resulting from irrigation use. 

Methods of study.-The following procedure is pro· 
posed: To study each valley separately and to give each 
one special attention according to the nature of its ground
water problems. The valley unit is a logical subdivision 
in the basin and range region because each valley is a 
separate ground-water basin. The county unit is the 
logical division in the plateau region. First attention 
should be given to those valleys or counties in which crit
ical ground-water problems now exist or in which water
project developments will soon take place. 

Test drilling . ....:.. The character, thickness, and areal ex
tent of the water-bearing formations can best be as
certained by drilling small test wells. These wells can 
often be used as permanent observation wells. For this 
purpose it would be desirable to purchase drilling rigs and 
to operate them continuously throughout the period of 
investigation. This method would also aid in determin
ing the location of permeable deposits beneath the uplands 
as well as in the valley lowlands. 

Geophysical prospecting.-The value of the test wells 
drilled in the abO\·e program could be greatly extended by 
the use of geophysical prospecting. This has already 
been proved in connection with the drilling of water wells 
for army camps in the area. . 

Geologic correlation . ....:..Geologists with ground-water 
experience should study and correlate the samples ob
tained from the test well~ and outcrops of the formations 
with the results of the geophysical probes. Such study 
will aid in planning further test drilling, in locating new 
supplies, and improving existing supplies. 

Pumping tests.-Pumping tests should be made wher
ever possible, usually on existing wells. The recent ad· 
vance in pumping-test methods makes possible the de
termination of the water-yielding properties of formations 
and provides practical means for determining well spac
ing, quantities of water to be expected from wells of differ
ent size, draw-down of the ground-water level, interference 
of one well with another, amount of water derived from 
flow of nearby streams, local geologic conditions affecting 
the occurrence of ground water, and the design of well 
fields. 

Pump(!ge int•entory.-Records should be obtained of 

the quantities of water withdrawn from wel.l.i throughout. 
the basin in order that this information may be available 
for use in conjunction with studies of fluctuations of water 
level in determining the perennial yield of the formations. 
Records should be obtained from each town, irrigated 
area, railroad, and industrial plant, and measures should 
be developed for obtaining continuing records of this kind 
for the future. 

Water-level measurements.-In order to determine the 
trends of ground-water levels and the changes in ground
water storage, an enlarged program of measurements of 
water levels in wells should be started. and periodic ob
servations should be made. The number and location 
of the observation wells in each valley or county would 
depend upon the importance and complexity of the 
ground-water conditions. Some of the wells should be 
equipped with automatic water-stage recorders in order 
to obtain daily records. Other wells should be measured 
once a week, once a month, or only a few times a year. 
New observation wells should be placed in areas of heavy 
ground-water pumpage and in areas in which water de
velopment projects are to be made. They should be es
tablished also near dams, reservoirs, irrigation canals, and 
drainage ditches, in order to ascertain the effects of the 
operation of those structures on ground-water conditions. 
Observations of this kind are now being made in the Santa 
Cruz River Basin in Santa Cruz, Pima, and Pinal Coun
ties, and in parts of Maricopa, Graham, and Greenlee 
Counties. 

Depth to water level.-The study should include an 
inventory of existing wells and the collection of informa
tion on the size, depth, and diameter of the wells, the kind 
and size of pump, and the use to which the water is put. 
Maps should be prepared where feasible, showing depths 
to water level. 

Delimiting areas in which vegetation draws heavily on 
ground water.-Where ground water occurs at shallow 
depths, the roots of plants and trees extend to the capillary 
fringe or to the zone of saturation and they extract water 
in a manner similar to pumping from a well. It is roughly 
estimated that 1,000,000 acre-feet of ground water is con
sumed in this manner in the Lower Colorado River Basin, 
most of it by useless vegetation. Probably the greatest 
potential source of salvage of ground water lies in the 
reduction of use by vegetation that has little or no value; 
areas ha\ing such vegetation should be mapped with view 
to the effecting of measures for reducing the wastage of 
water. Some work has been done on this problem in 
Arizona and the results indicate a tremendous use of 
ground water by this type of vegetation. Salt cedar is one 
of the heaviest users and also one of the worst types in 
choking the flood channels. Along the Gila River from 
the Ashurst-Hayden Dam to tl1e junction with the Salt 
River, more than 100,000 acre-feet of water are wasted 
annually by this type of growth. Similar conditions pre-
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vail at many other places in the basin including localities 
where irrigation has raised the ground-water levels and 
has created new areas of vigorous plant growth. 

Determining water ttsed by valley-bottom vegetation 
and expetinumtal clearing.-An area would be carefully 
chosen where full cooperation of all interested parties 

. could be obtained. · Tests would be run on this area 
which would then be cleared and the salvage of water 
detem1ined. 

Mapping areas favorable for artificial recharge.-The 
building up of ground-water storage through artificial re
charge from reservoirs and irrigation canals is accom
plished in many places and the extension of this practice 
to new projects in the basin will undoubtedly augment 
ground-water storage. In adJition, the flood flows of 
some uf the ~treams could be diverted in such a manner 
that there would be seepage into the subterranean reser
voirs whrre geologic conditions are favorable. Such pos
sibilities should be mapped, especially where it may be 
expected to become over-developed in the future. Arti
ficial recharge may be effected in some of the cities through 

- recharge well~ in which water is fed into the water-bearing 
formation during certain !leasons of the year in order that 
it will be available for use in other seasons. The lowering 
of the water table along streams produces conditions 
favorable for artificial recharge in the sense that seepage 
is then induced from the streams into the subterranean 
reservoirs. The location of well fields near streams to 
take advantage of this source of water, including the 
filtering action of the sands and gravels and the more uni
foim temperature of the ground water, will undoubtedly 
prove to be the most logical solution for many water
supply problems of the basin. The ground-water study 
of the basin would include the mapping of stretches of the 
stream valleys that are fa,·orable for this kind of ground
water development. 

Interpretation of data and preparation of reports.
The data gathered in the field studies should be inter
preted by competent engineers and geologists, and both 
the data and the interpretation should be pr~sentcJ in 
comprehensive reports. These reports should constitute 
an inventory of the ground-water resources of the Lower 
Colorado River Basin. They should form a reference 
library of information on the subject that would be in
valuabl~ ~n f~ture plann.ing for all kinds of water dcvdop· 
mcnt. I he mterpretallon of the data would be directed 
toward specii.~ing nc:' sources of supply for dtics, rail
roads,. farms, mdustnes, and irrigation, dctennining the 
safe Yield of developed area~, and methods of improving 
the pre.-;ent Rupplies. 

. Estimat:s of cost.-The collection of the data, the 
mterpretatJOn of these data, and the preparation of the 
reports should be carried on simultaneously, in large pMt 
by the same grot~p of geologists ::md rn~ineas. It dot·s 
not appear practical, therefore, to estimate the total cu:;t 
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of the comprehensive 8tudy on the ba~is of indivi::lu:ll 
itLrns. Moreover, the annual cost of the study would de
pend U!J011 the number of valleys or counties in which 
investigations were made each year. The experience of 
the Geological Survey indicates that studies made in the 
detail outlined above would require an average annual 
expenditure of about $125,000 with the addition of $50,- · 
000 the second year to cover the cost of a clearing project. 

QuALITY OF WATER 

There are two aspects of the quality-of-water problems 
in the Lower Colorado River Basin, namely: ( 1) The 
quality of the waters now available in surface- and 
ground-water sources, and ( 2) ·the quality of the water in 
surface sources that will be available after further de
velopment of irrigation in the upper basin and after 
diversions have been made from the headwaters into 
other drainage basins. By the withdrawal of water of 
good quality, these divrrsions will deteriorate the quality 
of the water in the streams below the diversions. Utiliza
tion of water for irrigation and other purpo•wq will also 
cause changes in the quality of the water. The evapora
tion of large volumes of water stored in reservoirs and the 
resulting concentration of dissolved solids will obdously 
deteriorate the quality of the water that remains. Water 
utilization in the headwaters that causes changes in the 
chemical character of a river water will have an effect 
on the quality of water available below the head" aters, 
and the effect may be noticeable at the lower end of the 
lower basin. 

Sediment records are needed for several streams in tl1e 
lower basin, and the sediment records obtained fur 
streams in the upper basin will be of \'alue in planning 
for utilization of existing and new reservoirs in the lower 
basin. 

Brief descriptions of quality-of-water and sediment 
studies that should be made are giycn in the follo'>\ing 
paragraphs: 

Quality of u·ater for i11dustrial al!d agriwltural pur
poses.-It is desirable to ha\'c information on the changes 
in concentration and character of waters that are poten
tial sources of indmtrial and municipal supplies. The 
requirements for industries are rigid, ;md complete infor
mation on the quality of the available supplies is needed 
in making plans for industrial uses. The value of a water 
supply for inJustrial purposes may be seriously imp:1irt"d 
because of previous uses to which the water Ins been put, 
especially when the source may be cont.1minated because 
of ~ncb ust'S. The comprehensi\'e records proposed for 
this study will giYe the data necessary to detennine the 
usefulness for most industrial purposes. 

The quality of a water for irrigation uses is dependent 
on the nature and the amount of the dissolved constituents 
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in the 'applied water, and on ~e amount of ~olved 
solids that are carried by the drrunage from the rrngated 
area. Studies must, therefore, include the determination 
of the concentration and chemical character of both the 
waters used in irrigation and those in the drainage ditches. 
For the computation of quantities of dissolved solids car
ried to and removed from an irrigated area, it is necessary 
to have adequate stream-gaging records and all samples 
must be collected at points where stream-flow records are 
available. 

In the Lower Colorado River Basin, information is 
needed on the quality of available ground-water supplies. 
In irrigated areas, it will be necessary to collect samples of 
the normal ground waters and also of the drainage waters. 
For most of these sources, one complete analysis and par
tial analysis of three to twelve samples a year will be needed 
to give the desired· information. For surface wate~ 
sources, it will be necessary to have daily samples on which 
one or more determinations will be made for showing 
change in concentration. As a rule, the samples for ten 
consecutive days will be made into a composite sample for 
a complete analysis. 

The proposed quality-of-water studies will include the 
analysis of samples from reservoirs for the purpose of study
ing changes that may take place during storage. Because 
of the high rates of evaporation in the lower basin, there 
are appreciable changes in concentration and chemical 
character during storage, but records of these changes are 
meager. 

The estimated cost of the quality-of-water studies in 
the Lower Colorado River Basin, including the quality 
studies in irrigated areas, quality studies in reservoirs, 
equipping of the laboratory, field work, and analyses of 
the samples, will amount to $44,000 for the first year and 
$35,000 for each subsequent year. It is likely that the 
existing gaging stations will be satisfactory for the sampling 
program and no new stations will be needed. 

Sediment transportation.-Sediment studies have been 
carried on for a number of years at the Lees Ferry, Grand 
Canyon, and Yuma gaging stations on the main river. 
Prior to the closing of Boulder Dam, samples were col
lected at the Topock and Willow Beach gaging stations. 
The records for Lees Ferry and Grand Canyon should be 
c.:ontinued, and sampling points should be established in 
the Little Colorado, Paria, Virgin, and Williams Basins. 
In addition, studies should be made to determine the na
ture and rate of sedimentation along the course of the 
river and in reservoirs. Such studies would be in the 
nature of a reconnaissance and would not duplicate the 
work done in a comprehensive sedimentation survey of 
the existing reservoirs. The estimated cost of the sedi
ment studies, including the collection of sample.<~, equip
ment, field and laboratory work, is $60,000 for the first 
year, and $50,000 for each subsequent year. 

WATER UTILIZATION 

In addition to the collection of basic information con
cerning stream flow, ground waters, and the quality of 
both, the water program of the Geological Survey ern
braces special compilations or arrangements of these data 
for purposes of general utility an~ the interpretation of 
the data, as well as other related physical and economic 
information. 

Compilation of water facts.-An essential item of the 
program for the Lower Colorado River Basin is the col
lection of comprehensive water infonnation pertaining to 
the quantity and quality of surface and ground waters, 
the status of their utilization, and the publication of such 
information in reports of convenient form for use and 
reference. The reports would . present data regarding 
storage, diversion, and types of water use. The inclusion 
of a series of monthly charts of the Lower Colorado River 
Basin and adjoining areas showing in detail the relation 
between monthly and normal stream flow, would be useful 

. in evaluating or expanding short or broken 'stream-flow. 
records. The reports would give authoritative historical 
and other data concerning floods and droughts that would 
be helpful in the consideration of problems of natural flow 
and possible influences of climatic oscillations and changes 
wrought by man. Such information is a primary need in 
the adjudication of the conflicting interests of the political 
subdivisions and various industries now or propectively 
involved in the utilization of the limited water resources of 
the Lower Colorado River Basin. It is also needed for 
determining the availability and suitability of the water 
supply for various industries and activities that may be 
considered for establishment in the basin. 

Interpretation of water facts.-Statistical records per
taining to water often require supplemental analysis or 
treatment in order to reveal their significance. The form 
of the analysis depends largely on the nature of the prob
lem at hand, bu~ it has been found that certain kinds of 
analyses enter into nearly every water-supply problem, and 
indeed, the availability of such basic analysis may encour
age, or hold to wise limits, as the case may be, the applica
tion of the records to the solution of water problems. 

"Deficiencies in Hydrologic Research," published by 
the National Resources Planning Board in 1940, describes 
the great number of needed investigations, some of which 
have singular bearing on the surface-water hydrology of 
the Lower Colorado River. Much fundamental work 
needs to be done in the Southwest and only the most pre
liminary or basic treatments are planned. The most 
general types of study that can be undertaken are statistical 
and inventorial. 

A study of trends in precipitation, temperature, and 
run-off is included· among the statistical investigations 
planned. Trend graphs shown in Water Supply Paper 
772, reveal an irrrgular though marked downward trend 
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in precipitation arid an upward trend in temperature over 
most of the country. This combination produced a sub
stantial reduction in run-off during the period of record 
then available. These analyses should be brought up to 
datt.:, expanded, and examined more in dc:ail with p~
ticular emphasis on the Lower Colorado River and wrth 
such reference to t.H:e;ring chronology or other possible 
>vays of extending knowledge of climatic bt:havior as may 
sn.:m applicab!c or prudent. 

In aJditiun to statistical analyses, a great many facts re
garJing the v.·ater resources ran be gained from the prep
aration of a quantitative hydrologic inventory. Such 
sLudies cnnsiJer water in streams not by itself, but as one 
phase in a ~.-yde containing other intimately related phases 
:md factors induding precipitation, interception by vege
tation, infiltration, soil moisture, run-ofi from surface and 
ground sources, surface and ground storage, evaporation, 
and tlanpiratio~. The information developed is useful 
in many kinds of water problems, particularly in admin
Lqtration of land use and conservation programs, and in 
flood control. Moreover, it can serve as a basis for esti
mating stream flow in areas where no gaging-station rec~ 
onls are available, and as a supplemental method in 
wmbination with rainfall records for the synthesis and 
extension of lltream-.flow records, especially through crit~ 
ical period of drought or flood. 

The technique for the preparation of an inventory as 
oull.ined above is available but must be modified by the 
adequacy of the data on hand as well as by the hydrologic 
conditions peculiar to the basis under examination. 
. l~· ater for stock use.-As in the upper basin, stock rais
mg 1s one of the major industries in the Lower Colorado 
~iver Ba~in. Vast areas of grazing lands are admin
lstered by the Grazing Service and the Office of Indian 
AfT airs. The usable forage crop is dependent upon avail
able st:X:k watering places; forage on lands remote from 
water 1s unused whereas that on lands near water is over
grazed, often to the extent of accclcratin(T destntctivc ero
sion of the soil mantle. Numerous and

0 

properly spaced 
range water supplies are necessary in areas now unused :11 
order that overgrazed areas may be relieved and ~i\'ell 
opportunity for recovery. ' 

In.fo11natio~ and advice about water supplies 011 the 
pubhc rang~ 1~ supplied by the Geological Survey for usc 
by the Grazmg :-3crvice, Office of Indian Affairs, and otlv~r 
~~n.d ~anagcment agencies of the Department of the ln
Sllul. However, the e.xtrcmdy limited facilities of the 
urrry ha\c prevented it from klTping abrt'a~t of Ctll'l•'tlt 

rcqne~t · f d · ' ' 
:s or a vtce on water supplic.\ and in sonH' in-

~t:m~es dc,·clupmcnu. I rave been undertaken without bene
lito compdr:llt geologic investigation. It is anticipated 
'Y the ag~>ncJcs administering the public ranrrc tint the 

UI),(Cilt need for wat, 1 , , ·I . 1'l • ' :u , I . ..:r-t r 't opmcnt projects for stock use 
"

1 great Y mrrt·a.~c after the war. 
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In order to supplement well-water supplies and to open 
up new areas where it appears impractical or impossible 
to obtain water from wells, stock-watering tanks are con
structed on washes and intermittent stream courses to 
catch some of the "flash" run-off. Virtually no hydro
logic data are available for water courses of this type, and 
specially designed stream gages for obtaining such data· 
are an item in the water program of the Survey. Evapo
ration and seepage losses are studied by means of staff 
gages installed in t::mks at strategic sites. W eathcr data 
from nearby Weather Bureau stations are analyzed and 
correlated with all water information obtainable for the 
region under study and basic data are thus obtained for 
design of stock-watering tanks with reasonable assurance 
of successful performance and long life. 

Accelerated erosion is an important problem in the 
lower b<~Sin. Deep gullies are trenching many valleys 
and draining the ground-water level below the reach of 
plant roots, making valueless large tracts that formerly 
produced excellent forage crops, and producing vast 
amounts of silt that became a troublesome problem to 
reservoirs, irrigation canals, and farms. The collection 
of factual information on this subject and recommenda
tion of remedial measures is contemplated in the SwYey 
program. 

NATIONAL PARK SERVICE 

The forthcoming rep01t of the National Park Serc·ice, 
Recreational Resources of the Colorado River Basin, u:ill 
coz•er this subject in more detail and will supplement the 
material contained herein. 

The National Park Service is primarily a conserYat.ion 
and recreation agency performing functions which are an 
integral part of a program of land use of the Drpartment 
of the Interior. The prime function of the Service is the 
adrninimation of the National Park and ~Ionument Sys
tem. The Ser.·ice seeks to preser\'e and render a\·aibble 
to the public outstanding scenic, scientific, historic and 
prehistoric areas of national importance. The act of 
June 23, 1936, "authoriLed and directed the Secretary 
of the Interior-to cause the National Park Sen'ice to 
make a comprehensive studv, other than on lands under 
the jurisdktion of the Ilepa~tment of Agri(ulturc, of the 
public park, parkway and rerrt'ational area· programs of 
the United Stalt'S, and of the se\'er.tl states and political 
subdid~ions thereof, and of the lands throu~hout the 
United States which arc or may be chiefly Y;luable :15 

such areas • • • The said study ~hlll be such a.~. in the 
judgment of the St·crctary will pro\ide (t\ta helpful in 
dcrclnping a plan for coordinated and adequate public 
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park, parkway and recreational area facilities for the 
people of the United States." 

With this responsibility and the fact that several areas 
in the National Park and Monument System would be 
directly affected by certain water-control possibilities be
ing considered by the Bureau of Reclamation, it was de
termined that theN ational Park Service should investigate 
and furnish the Bureau with essential facts basic to the 
establishment of Departmental policy regarding the classi
fication, development ami administration of possible· 
water-control projects and related areas in the basin, in 
which recreation is or will become an important dominant 
or collateral resource. On January 27, 1941, Secretary 
Ickes approved the proposal of the National Park Service 
and the Bureau for including a basin-wide recreational 
survey as a part of the studies and investigations for the 
formulation of a comprehensive plan of utilization of the 
waters of the entire Colorado River system. 

Colorado River Basin JV ater Utilization Program 
and its Effect on Recreation 

From Gannett Peak in the Wind River Mountains,. 
highest point in Wyoming, elevation 13,785, Milner Pass 
in Rocky Mountain National Park, and the 14,000-foot 
mountain peaks in southwestern Colorado to the Salton 
Sea, 241 feet below sea level, stretches a vast region of 
forests, deserts, plains, mountains, canyons, and plateaus. 
The Colorado River Basin is one of the most outstanding 
recreational regions in the United States, because of great 
variety of natural scenery, climatic conditions, and areas 
and objects of scientific interest, its early romantic history, 
archeological background, and present Indian, Spanish, 
and Anglo cultures. 

Here is the world's greatest canyon, the largest natural 
bridge, the largest man-made lake, and the highest dam. 
Here, too, one may en joy the largest percentage of possible 
sunshine of any place in ·the United States and find per
fect climates for outdoor recreation the year around. 
Hunting, fishing, photography, snow sports, boating, 
swimming, horseback riding, camping, mountain climb
ing, exploration, the entire realm of outdoor recreational 
activities may be enjoyed. Five national parks and 28 
national monuments have been established within the 
basin to preserve some of the most outstanding natural, 
scientific, and cultural features. Large sections have been 
included in national forests, wildlife refuges, and grazing 
districts, and vast areas set aside as Indian reservations. 
:Much of the basin is in public ownership, but this is not 
surprising when one sees the country and knows that about 
half the basin has a population of less than 2 people per 
square mile, and that the most densely populated county, 
Maricopa County, in which Phoenix, the largest city is 
located, has a population of only 20.2 people per square 
mile. 

It is only natural in a region so endowed that recreation 
should become one of the major industries. Agriculture 
is restricted almost entirely to irrigated sections. .:Mining, 
lumbering, and the raising of cattle and sheep first at
tracted settlers to the basin, but the recreational features 
are now attracting many more; and as the various sections 
of the basin become better known and more accessible to 
the densely populated regions of the United States through 
improved highways and air transportation, catering to 
the recreational bl.Jsiness should become a major industry. 
To foster this industry it must be recognized that recrea
tional use of land may in certain places be the highest or 
best use of the land for the general welfare of the people 
in the basin, and in vast sections of the basin should be on 
an equal basis with other uses, such as grazing or produc
tion of timber. One of the most important recreational 
features of the basin is the great stretches of open range, 
unobstructed by buildings, fences, transmission lines, and 
other signs of modem civilization. As other sections of 
the United States become more and more highly de
veloped, this one feature of the Colorado River country, if 
preserved, will have unusual appeal. 

The major portion of the basin is desert or semidesert. 
Here water is the most precious single item. The life of 
the region is dependent upon the wise use of the strean1S 
and ground water. In the development of the water, 
recreational use should be considered along with other 
-uses, such as irrigation, power, municipal water supply. 
In the mountains and high plateau sections of the Colo
rado Basin the clear, cold streams and lakes offer excellent 
fishing, amid delightful surroundings, and in some in· 
stances the recreational value of these strean1S and lakes 
may be such as to make this their most important use. In 
other sections the construction of darns for irrigation or 
power create new water areas of recreational importance, 
for example: Lake Mead, which has been called the "Eden 
of all bass fishermen," is famous throughout the country 
for its scenic beauty. There are also instances where 
the raising of water behind darns would submerge areas 
of scenic and scientific value or archeological importance. 
In such cases it must be decided whether a reservoir in 
that location is more or less desirable than the preservation 
of these existing features. If in the case of existing arche
ological features the decision is in favor of the 
reservoirs, there should be a thorough survey and excava
tion where found desirable, so that knowledge of the 
archeological material will not be lost forever. In the 
larger proposed reservoir areas surveys should also be 
made of the flora and fauna and records kept of the orig
inal biota. 

The importance of recreational resources in the basin 
is recognized by the Bureau of Reclamation in planning 
for water conservation projects. Through a cooperath·e 
agreement with the National Park Service, the latter is 
carrying on a general survey of the recreational resources 
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of the Colorado River Basin for the Bureau. Although 
it has not yet been possible to covrr the entire basin, a 
number of proposed reservoir sites have been inv~ligated 
and considerable information gathered concemmg the 
ri"creational features of larbP. sections of the basin. In 
many iru.tances tl1e project plans have not advanced suf
ficiently to detennine definitely what effect the proposed 
reservoir would have on e.xi.sting recreational values or to 
determine the potential recreational values of the proposed 
re<:t:rYoir area. The location and accessibility of the res
enroir, the physical characteristics of the reservoir. area; 
size and elevation of minimum, nonnal and maxmmm 
pool; the season and frequency of maximum draw-down; 
all have an important bearing on tl1e potential recrea-

.. ~·tiona! value of the reservoir, and the determination of the 
clf C'ft the reservoir would have on existing conditions. 

PorEl\"11AL PROJFCTS ON .MAIN Sru1s · 
oF CoLORADO A:..;o GREEN RivERS 

On tl:e main stems of the Colorado and Green Rivers 
the plan lists 13 potential power dam sites, in addition 
i.o thr Davis Dam project on which work has been stopped 
during the war emergency. The majority of sites are in 
spectacuL:tr canyons and in most cases the reservoirs cre
ated would provide means of access to outstanding scenic 
country which at the present time is almost wholly or 
entirely inaccDiSible to the average person. At the same 
time this complete harnessing would cha11ge them from 
great rugged rivers grinding their way down from the 
mountains to the sea to a series of quiet mill ponds. The 
rh rrs as Powell knew them would be gone-a definite lo~. 

Dm•is Dam and Reservoir.-Davis Dam site is located 
due west of Kingman, Arizona, 23 miles. by existing roads, 
and about 67 miles below Boulder Dam, ;>.Hd the back
water will extend to the tailrace of ilie Boulder Dam 
power plant. At the present time the clear, cool water 
rclca.~ed by Boulder Dam 0flers excellent trout fishing. It 
would be expected tl1at the Davis Resl5rvoir should rival or 
possibly excell L;J.;e Mead a~ a bass fishing area, but sceni
cally wil! not compare with it. The upper third of the 
re~m·oir area from Boulder Dam south almost to Eldo-

. rad,J Canyon is in thr lower Black Canyon, a volcanic area 
mar.ked by rugged mountains and dcrp canyons. This 
section, while &cenically interCl>ting, is not comparable to 
the Grand Cc1nyon section of Lake Mead, or the canyon 
sc~ncry '~hirh would be made acc("!;~iblc by the proposed 
Bndge Canyon, :\far blc Gorge, or Glen Canyon Dams. 
Below Dla(k Cany1111 the mountains draw back from the 
river and begin to flatten out. L .. ng g-r:\\ d ridges and 
hen~hcs lead gradually Jown to thf' riwr. The wide~t 
portwn of the n-scn·oir will bt';~in about 12 milt'S aho\c 
th~ da~ and e~tend for some H miks, anr:w· around 3 
miles ~rde. 1 he luwer portion of the n:~t·rvoir will he in 
Pyramid Can~on, form, J hy low mount :tins coming- in 
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closer to the river. CreoM>tc bush and mesquite trees arc 
the most conspicuous of all the desert plants in the reser
voir area. There are numbers of mountain sheep and a 
few desert deer. Beaver are very common, as are rab· 
bits, ground squirrels and other desert rodents, upland 
ga.-ne birds, ducks, geese, and other aquatic birds. 

Since construction of Davis Dam was expected to begin 
at an early date, of first importance was an archt:ological 
survey of the reservoir area to determine desirable arche
ological work which should be done before the water be· 
gan to rise. Such a survey was made by Dr. Gordon C. 
Baldwin in the Spring of 1943. One hundred and fifty
five archeological sites were located and Dr. Baldwin esti
mated there are at least 200 sites in the reservoir. He 
considered 15 of the sites to be of sufficient importance to 
be tested and at least partially excavated at a later date. 
Most of the sites are located on small benches or flats 
bordering the river. Of the 15 important sites, at least 
seven should be thoroughly explored. Dr. Baldwin esti
mated that the excavations could be completed in 8 
months, and the desired work accomplished for about 
$8,000. 

U.S. Highway 66 is scheduled to be one of the nation..J 
superhighways. The pre~ent route between I~ingrnan, 
Ariz., and Needles, Calif., is unsatisfactory and considera
tion is being given to routing it auoss Davis Dam. If 
this is done at least 182,500 ccU'S per year would cross the 
dam on the basis of the 1Y40 traffic count. There is cer
tain to be a dem~t!,d for recreational facilities in the vicin
ity of the d .:un. 

The upper two-thirds of Davis Reservoir will be within 
:he present boundaries of Boulder Dam National Recre
ational Area. It would be logical to ha,·e the recreational 
pha"rs of tl:.: entire reservoir area administered by one 
agency. Further study of recreational use and admin
istration is req.1ired. 

Bridge Canyon Dam and Reservoir.-The Bridge Can
yon Dam site is in the Grand Canyon at the head of Lake 
Mead about 20 miles airline northwest of Peach Spring, 
Ariz., on US 66 and the Santa Fe Railroad. Various 
heights for the· dam have been considered, but the one 
favored by the Bureau of Reclamation at present WJuld 
have a maximum water-surface rlcvation of 1 ,866. This 
would raise tho.: water l166 feet above tl1e stream-bed at the 
dam and place the head of the rt'Sen·oir less than a mile 
down stream from the mouth of Kanab Creek.· It would 
rai~c the water surL~~:e about 85 feet at the mouth of 
Havasu Creek, backing the water approximately one half 
mile up Havasu Canyon in Grand Can)on Kniunal 
Park. 

The dam site and reservoir area are entirely within areas 
now adrninL.,trrcd by the Federal Govcrn~lCI1t through 
the Ollice of Indian Affairs, National Park sl'iYice, Fish 
and Wildlife Sen·ice, Forest Scnice, and the Bureau of 
Rc(lamation. Access to the dam site is aero~ the Ilualpai 
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Indian Reservation, which extends along the south side 
of the Colorado River from the Grand Wash Cliffs on the 
west to National Canyon where it joins the south portion 
of Grand Canvon National Monument. East of the 
monument is Grand Canyon National Park. Boulder 
Dam National Recreational Area overlaps the canyun 
portion of the Hualpai Reservation. On the north side 
of the river the land is included in Boulder Dam National 
Recreational Area, Grand Canyon National Monument, 
and Kaibab National Forest. 

The Grand Canyon is one of the world's outstanding 
recreational areas of scenic and geologic interest. As 
stated by Edwin McKee, Assistant Professor of Geology, 
University of Arizona: 

From tht mouth of Nankoweap Canyon in the east to the Grand 
Wash Cliffs in the west-over 200 miles by riv~r-the Grand Can
yon maintains approximately the same 5,000-foot depth and a width 
between rims measured in terms of miles. All sections of Grand 
Canyon are parts of one natural physiographic unit. Although the 
general character and form of the canyon change greatly from the 
area of alternating cliff and slope and of butte and temple at one end 
to a canyon of nearly sheer walls at top and bottom, separated by 
the wide, red "Esplanade" bench at the other, it is not correct to 
say that one part is better than another. All parts of Grand Can· 
yon go to form a whole and there is an imperceptible transition from 
one section to the next. Man-made boundaries and divisions in 
Grand Canyon mean nothing in indicating the relative value of 
different portions. It is not possible to say that one part is either 
inferior or superior to another; each is different but each is great and 
part of the entire. 

Of first consideration in the recreational survey of the 
proposed Bridge Canyon project was the appraisal of the 
effect the proposed resen·oir would have on existing 
natural conditions in Grand Canyon and Grand Canyon 
National Park, Frederick Law Olmsted, collaborator 
with theN a tiona! Park Service on the survey of the recrea
tional resources of the Colorado River Basin, has submitted 
a preliminary report on this subject. 

:Water conditions in the canyons of the Colorado, including 
he1ght of water, are, and will continue to be, far from static and con
stant at any given place. This is true both for localities where the 
water is controlled by fluctuating r~srrvoirs and also for localities 
where the water is wholly uncontrolled. Under natural conditions 
the water level in the narrower parts of the canyon bottom (such as 
nPar the mouth of Havasu Creek) fluctuates 40 feet or more. The 
water level controlled by a reservoir of a given nominal elevation 
fluctuates even more largely and quite differently. 

The water and its immediate banks in the upstream portions o-f 
the canyon where flooded by Lake Mead at times present a com
bination of physical conditions and a general appearance which are 
~o~t deplor~b~c from a recreational and scenic point of view, and 
s•mdar condlllons can be expected in similar parts of the Bridge 
Canyon Reservoir. They contrast in a very striking manner with 
the conditions and appearances presented at other times in the very 
same parts of the canyon subject to flooding by Lake Mead. The 
point to be made here is that there are armost equally striking differ
ences in physical conditions and appearance! between low-water 
and high-water stages in the parts of the canyon not affected by 
Lake Mead. 

I. Boat trips in the Lake Mead portion of Grand Canyon which 

are extraordinarily impressive experiences would be eompletdy free 
from obstruction and disagreeable appearance at all times. 2. Bad 
accumulations of Boating debris would occur in Bridge Canyon 
Reservoir generally during May, June and July in a limited locality 
downstream from Havasu Creek. They would interfere with boat· 
ing, and for anyone obtaining a reasonably close view of the water 
would detract from the natural appearance of the canyon. It is 
unlikely that visitors, in general, would want to take a longer boat 
trip than from the vicinity of the dam to Toroweap (about 57 
miles) and back, in any case. Tl1at would take them through 
three of the four types of inner canyon scenery and show them the 
lower rnd of the fourth. 3. After the breakup of the unsunken 
portions of each season's accumulation of debris, the dispersed frag. 
ments, if not controlled, would be more troublesome for boating than 
they have been on Lake Mead. 

As to probable significant changes in the canyon in re· 
spect to elevations of water surface, physical conditions 
and appearance of deposits of silt, sand and other heavy 
material, Mr. Olmsted summed up his discussion by say
ing, "The differences in water surfaces and in exposed 
deposits, as between the canyon without a dam and the 
canyon in the upper reaches of Bridge Canyon Reservoir, 
or as between the latter with a high dam and with a low 
dam, may perhaps fairly be regarded as differences of 
degree more than of kind. There is no precise, critical 
point at which it can fairly be said that beyond this point 
any increase in height of water surface or any increase in 
amount of fluctuation would produce a radical change of 
kind in the general appearance of things in the depths of 
the canyon. What can be said definitely is that some un
mistakably artificial modifications of existing conditions, 
scenically unpleasant in" greater or less degree, will e.xtend 
to whatever limit is reached by the reservoir's raising of 
high-water levels." 

The impounding of water behind Bridge Canyon Dam 
to an approximate elevation of 1,8G6 feet will conceal few 
geological features that are unique or of special importance 
as documents of geological history, according to Edwin 
McKee. 

The greatest loss, so far as geological features are con· 
cerned, would be in the area of volcanic activity at and 
west of Toroweap Valley. This is one of the most out
standing geological sections of the canyon. Edwin D. 
McKee and Edward T. Schenk in their report entitled 
"Lava Dams in Grand Canyon" say, "The spectacle of 
lavas that have cascaded down the steep.canyon walls and 
cinder-cones perched on the sides and brink of the chasm 
usually makes a profound impression on the layman, while 
to the geologist the problems presented are intriguing." 

Toroweap Valley slopes gently toward the canyon rim 
and ends with a sheer cliff ahnost 3,000 feet above the 
river. The views down into the canyon are spectacular 
and awe-inspiring. Any height of reservoir will increase 
the width of the strip of water in the bottom of the canyon 
through submergence of the talus slopes, by an amount 
roughly proportionate to the height of the water above the 
natural river level, which is here about 1,675 feet. 
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The lower section of Havasu Canyon would be ma
terially afTected by raising the reservoir a?~ve the.1,772-
foot elevation. Havasu Creek, an unfailmg spnng-fed 
stream of crystal-clear water, produces the dis~inctive fea
ture of this locality. The notable and beaut1ful, though 
seldom seen, mingling of the blue waters of Havasu ?reck 
with the brown water of the Colorado would be radically 
altered for the worse, if the full reservoir elevation is raised 
hirrher than the 1,772-foot elevation. But the more fre-

·:> 
quently visited wate-rfalls and other features that have 
made Havasu Canyon famous would not be physically 
afTeLted by Bridge Canyon Reservoir. 

The places now in the Grand Canyon National Park 
upstrc::~m from Hava.~u Creek that would be physitally 
moJificd by raising Bridge Canyon Reservoir above ele
vation 1,772 are all do~ to the river in the bottom of the 
ll(lrrow innrr canyon and the resulting changes would be 
observable almost exclusively from boats. 

~[r. Ollnsted said: 
Thi, section of the Grand Canyon as a whole is notable for the 

di>ti111 ti\·e character of its scenery, especially as sc::en from certain 
pl~ccs on the upp~r rim on both sides of the canyon. It was com
pletdy included from rim to rim in the portion of the Grand Canyon 
01i~inal:y set apart in 1908 as a national monument for prescrva
t:on of the noneconomic values of its unique and inspiring scenery. 
It wa>, and is worthy of selection for such a purpose. 

When the Grand Canyon National Park was established in 1919, 
its bound;uies were so drawn as to leave the entire north side of the 
c;uoyon br·tw•·•'n Tapeats Creek and Havasu Creek under the ad· 
ministration of the Forest Service, which had previously admin
istered all parts of the Grand Canyon set apart for preservation of 
its natural scenery in 1908. The investigators havt~ found no record 
indirating that the omission of that area from the park was due to 
a deLberate and reasoned decision to reverse the earlier intention 
of protecting the scenery of this entire unit of the canyon from rim 
~ri~ ' 

If that is to remain the policy of the Government concerning this 
entire urut of the Grand Canyon, in accordance with the decision 
made in 1908 and adhered to in essence ever since, then the limita
tion of Bridge Canyon Reservoir to an elevation that will not en· 
croach on that protected area should be continued, for the following 
points are clear, viz: A higher devation would substantially alter 
natural conditions and injuriously aff~ct the natural scenery along 
the Colorado River as far as the backing up of the water extends, 
for the sake of an exclusively economic gain, in direct contradiction 
of that policy. The conclusion above stated is not invalidatrd by 
the fact (11) that the impairment of natural scenery within the sup
posedly protected ;m·a would be relatively limitt'd in extent in com. 
parison with the entire area of the Grand Canyon that is suppos~dly 
prot~cted, and would probably be obscrvtd by no more than a small 
fracuon of the p..-ople who visit various parts of that c:ntire art'a in 
ord•:r to enjoy its scenery, and (b) that the eronomic g.1in would 
be rrlativcly I.u·ge, 

~f, on the other hand, it is dt'cided that the justifying rc.1son for 
existence of a national park c:xtcnding into the canyon downstream 
from Tapeats C;erk is not that of protrcting, in conjunction with 
the FoN"st Se':lrl', natural conditions and sct'ncry in the Grand 
Canyon. from run to rim, but mncly to protect Havasu Canyon Unit 
and adJacent areas Jouth of the river; tht'n the logkal procedure 
would be Con!(res1ional action making a maq~inal modifi,·ation of 
t~c pre~n~ bo~ndo~.ry of the park west of the Tap1 au Crtt·k water· 
5 l'd, shl[ung It from the north hank of the river to a contour on 
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the south bank that would keep it clear of the prospective reservoir. 
Choice between those alternative policies depends not primarily 

upon technical-details such as have been discussed in this report, but 
upon broad considerations of public purpo~e; in the last analysis 
upon how much the people of the United States care about preserv· 
ing the natural conditions and scenery in the portion of the Grand 
Canyon selected for such preservation in 1908, and whether they 
are able and willing to pay the economic price of such preservatiol). 

The spectacle of a great darn under construction and 
after completion in the bottom of the Grand Canyon is 
certain to attract many visitors. On the basis of 1940 
attendance figures for the south rim of Grand Canyon Na
tional Park and highway traffic counts, it L~ estimated that 
20 percent of the automobiles traveling U S 66 go into 
the park. Considering the facts that the minimum :;ide 
trip into the park is 118 miles, whereas, it will be only 
about 42 miles r.ound trip from U S 66 to the rim of the 
canyon where one may look down on the Bridge Canyon 
Dam over 2,000 feet below, the visitor traffic into Bridge 
Canyon should be at least 20 percent of the traffic on 
U S 66. On the basis o£.194-1 figures this would mean 
that O\'er 200 automobiles per day would make the side 
trip. With an average of 3 persons per car the annual 
attendance would be around 220,000. It is likely that 
travel on U S 66 will increase considerably in coming 
years, and bring at least 250,000 \'isitors per year to the 
Bridge Canyon Dam area. :\lany more will come by air 
and there are sites for landing fields within five miles of the 
canyon rim. It is possible that \'isitors to the darn site 
may reach 300,000 per year. The opportunity of driv
ing down into the Grand Canyon or of taking an elevator 
from the rim down about 2,000 feet to the top of the dam 
and another 650 feet to the bottom of the canyon will be a 
great attraction. Added to this will be the opportunity 
for boat tritlS through many miles of the canyon. 

Facilities to accommodate between 250,000 and 300.-
000 visitors per year should be planned and developed as 
part of this project, parking areas, overlook and observa
tion platforms, camp and trailer grounds, restaurants, 
overnight accummodations, boat docks and landing fields. 

There is no point on the north side of the proposed 
reservoir where the water ·will be ea.~ily accessible by land, 
and Peach Spring Draw otTers the only opportunity on the 
south side. It would be comparatively easy to construct 
a road from Highway 66 down Peach Spring Draw to the 
shore of the reservoir, a distance of 20 miles. This may 
prove a desirable location for limited dc\'Cll1pment of 
boat landings, parking areas, and other facilities for the 
recreational use of the reservoir. 

AfarUe Canyon-Kanab Cn·c'k Projt'ct.-This pro
posal calls for a dam in ~larble Gorge. 36~ 2 miks down
stream from Lee Ferry, which would create a rcserYoir 
with a nom1al water-surface dc\ation of 3,1 ~5 feet aboYc 
sea kvcl, approximately the de\'ation of the Colorado 
River at Lee Ferry. The re:-en·oir at ma.ximum ele,·a
tion would be 1..kep in the gorge to a point abow Na\·ajl) 
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Bridge where it would spread out slightly beyond the 
present river. From the sc~:nic and recreational point of 
view the reservoir would have little potential value except 
to afford easy access by boat to this section of Marble 
Gorge. However, the project involves a 42:5-mile diver
sion tunnel under the Kaibab Plateau to a power plant 
site at Kanab Creek. 

Probably the most serious effect upon scenic and related 
values from building the suggested tunnel to Kanab Creek 
would be the curtailment of the flow of the Colorado 
River through Grand Canyon National Park, reducing 
it to a minimum arbitrary allotment for purely scenic 
effect. Certainly such a project should not be considered 
until there is a need for the power thus generated which 
cannot be met by other means. Then the decision should 
be made as stated by Mr. Olmsted in the case of Bridge 
Canyon Reservoir, "not primarily upon 'technical details
but upon broad considerations of public purpose-upon 
how much the people care about preserving the natural 
conditions and secenery in the portion of Grand Canyon 
selected for such preservation in 1908 and whether they 
are able and willing to pay the price of such preservation." 

Glen Canyon project.-The Glen Canyon site is in the 
deep sheer walled canyon just around the bend above 
Lee Ferry. Preliminary figures suggest an elevation of 
3,528 feet for the top of spillway gates in raised position, 
401 feet above stream bed. Access to the lower end of 
the reservoir would be extremely difficult. 

The Glen Canyon Dam would create a reservoir extend
ing upstream 182 miles to the Dark Canyon site. At the 
Dark Canyon Dam site there is a possibility of raising the 
water 432 feet, forming a reservoir extending up the Colo
rado to Moab, Utah, and up the Green River almost to 
Green River, Utah. For the mosq:iart the Glen Canyon 
and Dark Canyon Reservoirs would be confined between 
canyon walls and have only minor effect on the scenery 
of the spectacular Colorado River country of southeastern 
Utah. Throughout this c'ountry the immediate canyon 
of ~he river is at least 1,000 feet deep and in places, such 
as m the vicinity of Dark Canyon, it is over 2,000 feet 
deep. Most of the streams and washes entering Glen 
Canyon have a fairly rapid fall near the Colorado, and the 
reservoir would not extend any distance up most of them. 
Back-water would extend 30 miles up the San Juan River 
and 14 miles up the Escalante River, but here again it 
would be confined in high walled canyons. Much of the 
country bordering the Colorado and the Green Rivm 
through this section of Utah is of high recreational value. 
It is a region of great colorful spaces, mountains, plateaus, 
canyons, dcse1t, forest and weird rock formations, prob
ably the greatest di~play of erosional effects in the United 
States, other than the Grand Canyon, and equally grand, 
though of a different character. In providing a means of 
acce.ss to this remote canyon country, the Glen Canyon 
Reservoir would increase rather than detract from the 

recreational values of the region. , Power lines from the 
dams would detract from the enjoyment of the open 
country. 

Moab project.-The plan includes a concrete gravity 
dam on the Colorado River just above the highway bridge 
at Moab, Utah, which would raise the water 138 feet at 
the dam. A reservoir at that elevation would inundate 
the lower slopes and bottom of an unusually scenic canyon 
and eliminate the existing road which runs through the 
canyon between Moab and Dewey, Utah. At the pre~ent 
time this is the only place where it is possible to drive 
through one of the great canyons of the Colorado River. 
It would be indeed unfortunate from the scenic and 
recreational standpoint if a darn were to be constructed 
that would flood this canyon section. 

Dewey project.-The Dewey Dam site, .3 miles below 
the mouth of Dolores River and 30 miles upstream from 
Moab, Utah, is at the beginning of the great canyons of 
the Colorado River. The greater part of the reservoir 
area is arid, treeless, grazing land, having little or no scenic 
or recreational value. The principal scenic feature is 
Westwater Canyon, near the upper end of the reservoir 
area, about 12 miles long and several hundred feet deep, 
cut in reddish sandstone, but it is of secondary importance 
as compared with the canyon of the Colorado River below 
the dam site. · 

While the Dewey Reservoir would not be of special 
recreational importance to the immediate vicinity, since 
the local population is very sparse, the lower portion 
would be of some recreational usefulness to the residents 
of Moab (providing the proposed power dam on the 
Colorado River at Moab is not constructed), and the 
Westwater Canyon section would be of interest to travelers 
using U S 50, and to residents of the Grand Junction 
area. 

A permanent road should be built from U S 50 to the 
dam site and c01mect with the present State Highway 128, 
which runs through the spectacular red canyon of the 
Colorado between Dewey and Moab. This would, in 
effect, retain the present route from Moab to U S 50 
which not only is used as a short cut from Moab to Grand 
Junction but affords access to the remarkable scenery of 
this part of the Colorado River Canyon. The reservoir 
area is reporti!d to contain several archeological sites, and 
while it seems doubtful that any unmolested sites remain, 
it is recommended that an archeological investigation be 
made prior to construction of the dam. The paleontology 
of the area should also be investigated. 

Gore Canyon project.-This project located just below 
Kremmling, Colo., involves a low diversion dam near 
the head of Gore Canyon and a tunnel to a power plant 
located at the foot of the S-mile canyon. The site has 
not been investigated by the survey, but it is likely that it 
would have little important effect on existing or potential 
recreational values. 
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Rattlesnake and Desolation Canyon projects.-The\ 
plan for development of power on the Green River in- , 
dudes six dam sites. The lower two, Rattlesnake and 
Desolation, are located in the remote section of the Green 
River between Green River, Utah, and Ouray, Utah, 
characterized by the name Desolation. Although the 
recreational resources of the two sites have not as yet 
been inYestigated, it is doubtful that the scenic or recrea· 
tional value, either existing or potential, will be found 
important. General information indicates that scenically 
this section does not compare with sections along the Green 
River above Jensen, Utah, and below Green River, Utah. 
Certain archeological sites have been found near the reser~ 
voir areas, and a survey should be made to determine the 
archeological importance of the reservoir areas. 

Split Mountain and Echo Park projects.-These two 
power sites are in Dinosaur National Monument. Func
tionally, Dinosaur National Monument consists of two 
.~ections referred to as the Quarry ·unit and the Canyon 
unit. The former comprises 3,000 or 4,000 acres in the 
,·ir.inity of the Dinosaur Quarry and includes the original 
80-acre monument. The Canyon unit, consisting of the 
remainder of the area, is about 200,000 acres in extent. 

The geological formations in the Quarry unit are of 
scientific importance and of distinct scenic value, but the 
major significance of the unit is considered to be in the 
dinosaur beds. 

The Canyon unit is characterized by a notable combi
nation of geological, scenic, biological, and archeological 
values and by its wilderness quality. Its most spectacular 
features are the canyons of the Green and Yampa Rivers, 
where interesting geological fonnations and impressive 
landscapes are displayed in great variety. One of the 
exceptional attributes of the unit consists of contrasts in 
the geological formation and the scenic character of the 
canyons of the two rivers. There are also biological and 
archeological \'alues of real interest. The Canvon unit 
possesses great importance for the part it can plav 'as an in
troduction to the geology and scenery of the \Vest for 
the residents of the Middle and Eastern States. It is of na
~o~al. si~ifica1~ce for the combination of its qualities; it 
IS dtstmctive of 1ts kind, and justifies its existence as a unit 
in the National Park System. 

The Q~arry unit would be little affected by the pro
posed proJects, but the Canyon unit would be materially 
affectc;d by ~em, dcpending upon their location and 
other 1~fl.uencmg factors. Such facilitir.s as dams, road-;, 
tra~mLS$ton lines, and structures for administration, op
~~wn, and maintenance v.:ould more or less adversely 

tct. natural and archeologtcal value.~, but the most br
~eachmg alteration would be caused by the rcsen·oirs. 
fhe Echo Park Reservoir, which would be impoundrd bv 
ahd.dlm about 500 feet high, v.ould extend up~tream fro~ 
t e :ml thrott<Yhottt th 1· I f h G . 

. c. e cngt l o t e rcen Rt\'Cr within 
the natwnal monument and to a point about 30 miles 
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by river course beyond the north boundary of the area. 
It would also extend up the Yampa River to a point in 
Lily Park east of the eastern boundary. The Split Moun
tain Reservoir, which would be created by a dam about 
118 feet high at the head of the Split Mountain Canyon, 
would inundate Little, Rainbow, and Island Parks and 
would extend up Whirlpool Canyon to about the ba.Se 
of the Echo Park Dam. The Echo Park and Split Moun
tain Reservoirs, particularly the former, woulq cover 
wholly or in part a number of notable geological forma
tions, would reduce the visible height of canyon walls in 
some sections, and would substitute long bodies of still 
.water, widening here and there· into bays or lagoons, for 
the natural streams and vegetations in canyon bottoms. 
The most radical alteration would occur in the 'general 
vicinity of Pats Hole, where the nearly vertical walls of 
Echo Park and Steamboat Rock, which in places rise 
to about 900 feet above the valley floor, would be in
undated to nearly one-half their height. The notable fault 
in the neck of Steamboat Rock, now seen so clearly from 
the tip of Harpers Comer, would be partly submerged. A 
considerable lagoon, two or three square miles in surface 
area, would e.xtend up the drainage of Pats Hole, covering 
the refreshing greenness of the Chew ranch locality. Far
ther to the east, some of the intrenched meanders of the 
Yampa River would largely disappear, for the sloping 
goosenecks separating thell} would be covered. 

Split Mountain Canyon, Whirlpool Canyon, and the 
Canyon of Lodore, all on the Green River, would be ad
versely affected from the viewpoint of geologic and scenic 
values, although less materially so than the canyons of the 
Yampa River. 

Submersion of the parks and the bottom slopes of 
canyons and entering draws would also affect the biota 
of the area unfavorably, through changes in wildlife 
habitats. Also a number of interesting archeological sites, 
particularly along theY ampa River, would be submerged. 
However, a good deal that is of geologic and scenic in
tere~t would remain. Some parts would be wholly un
affected, such as Jones Holt", the precipitous canyons of 
the Yampa Rivt"r nt"ar Thanksgiving Gorge and Cactus 
Park, and the dramatic entrance of the Yampa River into 
its canyon near the east boundarv of the national monu
ment. In some sections, the redu~tion in the visible height 
of canyon walls would be a relatively small proportion of · 
the prrsent total height, and some of the canyons would 
still be impressive, as for example, Split Mountain Can
yon, the portion of Whirlpool Canyon below the Echo 
Park Dam, the upper part of the Canyon of Lodore, and 
~cctions of the Yampa Canyon where walls would rL~e 
several hundred feet above the high-water kn·l of the 
Echo Park Reservoir. 

Not only would some geologic and scenic Yalues re
main, but new scrnic and reueational values would be 
ad,)ed, and t·n~n though they would not compensate in 
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kind for the 'losses described, they would be of real impor
tance. Although artificial, the fiord-like reservoirs and 
their bays in the side drainages would create impressive 

·landscapes, and they would provide avenues by which to 
see parts of the canyons which visitors would otherwise 
rarely enter. Under the proposed water-control develop
ment, the unaffected natural resources and the values 
could, in combination, be of national importance from a 
recreational viewpoint. 

The policy of the National Park Service, as the admin
istrative agency responsible for the national monument, 
has been and is to make the protection of the natural and 
archeological values of the area the controlling factor in 
administering it. The question of wheth.er this policy is 
to be changed to permit development for water-control 
would require for its solution a review of all probable ad-. 
vantages and disadvantages by authorities superior to 
either the National Park Service or the Bureau of Recla
mation. Before changes in the status of the Canyon Unit 
are authorized in order to recognize water control as the 
principal consideration in administering the unit, it should 
have been clearly and certainly shown that it would be 
in the greater national interest to develop the area for 
such use than to retain it in its natural state for its geo
logic, scenic and associated values and for the enjoyment 
of them by the Nation. 

Red Canyon and Flaming Gorge projects.-The com
prehensive plan lists two power dam sites above Dinosaur 
National Monument; the Red Canyon site about 63 miles 
upstream from the Echo Park site and seven miles above 
the mouth of Red Canyon of the Green River; and Flam
ing Gorge site in the lower end of Flaming Gorge, 31 
miles above the Red Canyon site, and 65 miles by road 
from Green River, Wyo. Both sites are in scenic country 
on the north side of the Uinta Mountains. The Red 
Canyon Reservoir site is in an impressive but not outstand
ing canyon in the Ashley National Forest. However, the 
Forest Service has considered it of sufficient scenic in
terest to warrant building a four-mile road to an overlook 
parking area on the rim of the canvon some miles above 
the darn site which is about one mil~ outside of the forest. 
At maximum elevation the reservoir will only ext~nd up
stream about 13 miles, leaving 8 miles of the canyon in 
which the river falls 120 feet undisturbed. With the 
Flaming Gorge Dam above, the water should be fairly free 
of silt and fishing should be good. However, due to the 
sparse population of the region and the competing good 
fishing lakes and streams in the Uinta Mountains, this use 
of the reservoir would be limited. 

The mile long Flaming Gorge is unusually colorful for 
th.at section, but is not unique or outstanding compared 
With the colorful scenery found further down the Green 
River. However, the combined scenic and geologic in
terest of Flaming Gorge, Horseshoe Canyon, and the 
nearby canyons of Sheep Creek, plus the reservoir would 

make this section of considerable recreational value. The 
scenic forest road O\'er the Uintas between Green River, 
Wyo., and Vernal, Utah, connecting US 30 and US 
40,.goes through Sheep Creek Canyon and passes within 
5 miles of the darn site. 

There is certain to be a demand for recreational facili
ties in the vicinity of the darn. The Forest Service has 
provided a camp ground in Hideout Canyon on the river 
about 6 miles below the darn site and in Sheep Canyon. 
Plans for recreational use of the lower end of the reser
voir should be made in cooperation with the Forest 
Service. 

POTENTIAL PROJECTS ON T»..BUTARIES OF THE GREEN 

AND CoLoRADO RivERs · 

The comprehensive plan lists numerous reservoir sites 
· on the tributaries of the Green and Colorado Rivers for 

power, irrigation, and silt control. Some of the sites have 
been covered by the survey of the recreational resources 
of the Colorado River Basin, marly others are still to be 
investigated and in most cases final appraisal of the rec
reational values cannot be made until the project plans 
are further along. 

Gre~n division.-Of the several potential projects in 
the Upper Green River Basin in Wyoming, the proposed 
Elkhorn and Paradise units of the Sublette project would 
have the most important relationship to scenic and recrea
tional values. These units lie near the foot of the western 
slope of the Wind River Range. They involve the pro
posed Kendall Reservoir (capacity 340,000 acre-feet) and 

· the development of Burnt Lake (capacity 25,000 acre
feet) and Boulder Lake (capacity 180,000 acre-feet) 
for irrigation storage and power. A tunnel I ,800 feet long 
through the terminal moraine of Burnt Lake would tap 
the lake for power production. The power plant tail~ 
water would be caught in Boulder Lake. Under the ten
tative plans there would be a difference of 44 feet in the 
level of Burnt Lake, and 460 acres in surface area between 
dead-storage elevation and spillway crest. 

The western slope of the Wind River Range is a moun
tain area of such exceptional scenic quality and recrea
tional value as to be of national importance. The finest 
of the larger natural lakes in the region are the Green 
River Lakes, at the headwaters of the Green River, with
in the primitive area of the Bridger National Forest, and 
because of their superlative scenic values, it is hoped that 
they will be retained permanently in their natural condi
tion. Nearer the project areas are five other natural lakes 
which are but slightly Jess notable; New Fork, Willow, 
Fremont, Half Moon, and Burnt Lake, also within the 
National Forest but not within the primitive area. None 
of tl1ese lakes has been materially injured by existing 
water-control structures. The scenic values of Boulrler 
Lake have been impaired by existing developments and 
would be suitable for further utilization. 
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Bumt Lake is one of the more notable and potentially 
valuable scenic and recreational w;ets of the district and 
it would be unfortunate, from the standpoint of such as
sets, to alter the natural lake level at all. It is a fortunate 
circumstance that, with the exception of Boulder Lake, 
the excellent natural resources of the western slope of 
the \\ind River Range have been relatively little ex
ploited. Ultimatdy, the region's scenic resources, if so 
managed as not to be impaired or expended, will prove 
to be one of its greatest and most lasting economic assets. 

Agc11cies and individuals iuterested in development of 
the district should con:~ider the exceptional possibilities 
of improving accc~s to Burnt, Half 1\Ioon, Fremont, Wil
low, Xew Fork, and Green River Lakes by a scenic route 
or p.ukway lying e2-st of the present U S 87. This road 
:Jinuld lie near the eastern brow of ridges to take advan
;nge of excellent panoramic views of the Wind River 
Ibnge ;mel their foreground of irrigated valleys and 
benches. 

In the Yampa River drainage 11 sites are listed. Seven 
c.f thesr:, have been uwestigated and it was found that 
none of them has scenic or recreational attributes of suf
flcimt importance to require special protection or preser
vation, nor would the proposrd reservoirs have any major 
recrl"ational values. If conditions are found suitable for 
stocking and maintenanc'e of fishlife, fishing would be of 
value locally in the case of Juniper Reservoir. Archeo
logical reconnaissance of a portion of the Juniper Reser
voir site has disclosed a number of Indian camp. sites 
and a more complete sun·ey of the area should be made 
before the dam is constructed. The other seven sites 
should be in\estigated but their recreational value is 
doubtful as present plans do not include any dead storage. 
Four arc in or near national forests. 

There are 11 potential irrigation reservoir sites listed 
for the Uinta Basin area. The majority of the sites are 
of little recreational importance with respect to scenic 
qualities, exi~ting or potential. l\1ost of them arc in sage
bru~h or ranching lands of no great distinction. Such 
valurs as might be created would in general be of only local 
benefit and would result frum the development of fishinrr if 
~ouncl p~actical and from the interest of any body of wa~er 
m a senllllesert landscape. The proximity of the Duchesne 
and A~h.ley Valleys to the excellent lakes and streams of 
the t:inta Mountains lessens the need to use the reservoir 

. sites for recreation. Y d, it may be desirable to pro\' ide for 
local day me of the resuvoirs ncar Vernal. Roose,·dt, and 
Duci.H::.:nc. In such cases the Bureau should proddc for 
p~bhc access to the water but facilitil~S ~hould be fur
mshcd by local agrncics. 

, The rladl·s Reservoir site within the Wa~atrh National 
forest cOt.tld be rccreationally usdul if pLumed with goo!l 
c~nsu val.lun pools aut! good fi~hing maintained, b;tt in 
'tcw ~f the sttpnior attractions of natural lakes at higher 
clr\"attons, the recrcatiotnl need "t thiS' . 't • I' . d • , " Sl e IS lnlltC • 
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The Forest Sen·ice is the agency which should determine 
the extent of reqeational development at this reservoir. 
Strawberry Reservoir enlargement is of potential recrea
tional value to the people of the Provo Salt Lake region. 

The four resen·oir sites in the upper part of the Price 
River drainage, and the two sites on Cottonwood Creek 
ncar Castle Dal~, Utah, have not b~en investigated as yet,. 
but their potential recreational ,·alue is limited by the 
fact that only two, Mammoth and Joes Valley Dams 
would have a dead-storage pool. These two are located 
in the Manti National Forest at fairly high elevations and 
with proper planning should be of recreational \'alue to 
the residents of the nearby valleys. This is particularly 
true of the Joes Valley Reservoir which would serve the 
residents of the semidesert Castle Dale area. 

Grand division.-Of the 31 potential reservoir sites 
for irrigation deYelopment within the Colorado River 
Basin listed in the plan, the l\IcPhee site has the greatest 
potential recreational value on the basis of our present 
information. It would have a minimum water surface 
of 1,530 acres at dead-storage elevation, as compared to 
the next two largest, Vega and Spring Creek Reservoir 
sites, which would each have a dead-storage pool of 90 
acres. The plan of operation for all of the reservoirs calls 
for the maximum draw-down in September, which is not 
particularly favorable for recreational use during the \'a· 
cation months of July and August, and the large draw
down contemplated each year would in all probability be 
unfavorable to fish culture. Of the 23 sites for which 
minimum water storage figures are available, 12 would 
have a minimum water surface of less than 10 acres. 

Foum1ile, Rifle Gap, Haystack, Vega, Spring Creek, 
Eggleston, Lake Brennan, Banana Ranch, and .\IcDon
ough sites a1e in or near national forests and available 
d~ta indicate they may be of potential recreational value. 

The ~Ic Phee Resen·oir site is in the beautiful Dolores 
Rh·er Valley, a short distance downstream from the tmm 
of Dolores, Colo. The natural conditions are ideal for 
creating an artificial lake of considerable beauty and rec
reational value. Fishing is good in the upper sections of 
the Dolores River and should be good in the rescn·oir. 
This section of the Dolores Valley is now used for pic
nicking, camping and fishing, ;md with the rcscn·oir these 
uses should increase. There were 12,421 people living 
within easy access of the site in 19·!0. It is recommended 
that plam for development of the area include acquisition 
of all the shore land and the provision of recrcati@al 
facilities for public enjO)lllCnt of the rcscn·oir including 
boat ducks, swimming beach, picnic areas, camping areas. 
and the relocation of the present road through the re~cr
voir to maintain the scenic drive llown the Dolores Yalk\. 
Part of the rcsen·oir will be in the l\[ontczuma ::'-i~ttion.tl 
Forest and the Forc~t Sen ice shnuld ha\·e a hand in plan
ning the recreational dc\"Cl(lpment and use. , 
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A number of reservoirs, tunnels, and canals are planned 
in connection with water export projects. The majority 
of the projects involved would be located in high moun· 
tain country in National Forests of considerable scenic 
and recreational value. It is possible that some of the 
reservoirs would have potential recreational value. It 
is also likely that some scenic and recreational values would 
be lnst. A study of this phase of the project should be 
made. 

San juan division.-O'Neal Park Reservoir site is in 
the scenic mountain country of the San Juan National 
Forest about 13 miles northwest of Pagosa Springs, Colo. 
With a minimum water surface of 1,144 acres at dead
storage elevation and an area of 1,609 acres at spillway 
elevation with fluctuation only 10 feet, this reservoir should 
have considerable recreational value. 

The Teft site on the Animas River and the Hermosa 
Park site on the Hermosa Creek north of Durango, Colo., 
are also in the scenic San Juan National Forest where 
hunting and fishing are important recreational activities. 
Present plans for these reservoirs do not include a conser
vation pool (dead storage) without which their potential 
value for recreation is questionable. Further study may 
show that the reservoirs can be made to serve the irriga
tion needs and at the same time add to the attractions 
of this excellent recreational region. 

The Lemon Reservoir site on Florida River is 15 miles 
northeast of Durango and 5 miles west o£ the Vallecito 
Reservoir on Los Pinos River .. The plan calls for a 53-
foot dam with a reservoir area at spillway elevation of 48 7 
acres. There would be no conservation pool. In that sec
tion the Florida River is a clear fast-flowing mount'ain 
stream running through a pleasant mountain valley bor
dered on three sides by the San Juan National Forest. 
From the recreational viewpoint the impounding of the 
river at the proposed site would destroy much that is most 
attractive in a mountain stream landscape. And there is 
no recreational need for still water in this location since 
the Vallecito Reservoir can better provide this type of 
recreation. If there is no wnservation pool, as planned, 
the reservoir will have little or no recreational value. 

The State line dam site is located 1 mile south of the 
Colorado-New Mexico line, 20 miles north'of Farmington, 
N. !\!ex. Although the potential recreational value of the 
re~ervoir is not great, it would provide water recreation 
for the local residents. Opportunity should be given for 
the c~tablishmcnt of a public beach, fishing piers, and pic· 
ttic grotmds at some suitable location along the shore. It 
is reported that there arc pueblo ruins in the vicinity of 
the dam site. If relocation of the dam is not possible, a 
thorough investigation and excavation of the ruins should 
be undcrtahn before construction of the dam is started. 

The potential Lon.~ Hollow Reservoir, 10 miles south
west of Durango with a 103-acre dead-storage pool and 

446-acre pool at spillway level, may have some recrea
tional value, but the planned 50-foot dqw-down will de
tract from the scenic quality of the area and the fisher
men in the Durango region will probably prefer the lakes 
and mountain streams in the San Juan National Forest to 
the north. 

We are not yet sufficiently familiar with the Arboles 
Dam site on the San Juan and the Meadows and Monu· 
ment sites in the Southern Ute Indian Reservation to com
ment on their recreational values. They are, however, in 
an area rich in archeology, and surveys of the reservoir 
areas should be made prior to construction of the dams. 

Between Bluff, Utah, and the mouth of the San Juan 
River the plan lists four power dam sites. At the Bluff 
site, ·13 miles downstream from the town there would be 
a 340-foot dam for power and silt control. Twenty-four 
miles farther down in the Goosenecks of the San Juan 
would be a 177-foot power dam. The Slick Horn Dam 
about 25 miles below would raise the water 208 feet and 
a 265-foot power dam at the Great Bend, 30 miles above 
the mouth of the San Juan, would back water to the foot 
of the Slick Hom Dam. Although these dam and reser
voir sites on the San Juan have not been investigated so 
far by the survey being made by this Service, it is certain 
they would have adverse effects on the scenic values of 
this impressive section of the SanJuan and that they would 
flood a number of sites of archeological importance. At 
the same time the potential recreational value would be 
limited. 

Little Colorado division.-In the Little Colorado River 
Basin there are five potential reservoir sites which have 
potential recreational values.. The Forks Dam on the 
Little Colorado near the town of Woodruff, Ariz., would 
create a water area of 3,600 acres at dead-storage eleva
tion and 5,000 acres at spillway level, with an average 
water surface of 4,300 acres. A water area of that size 
which would have a maximum fluctuation of only 10 feet 
is certain to be of recreational value, even though it is in 
comparatively uninteresting open, grassland country. It 
will be used by the people in the vicinity, and attract some 
attention from travelers using U S 66, U S 260, and State 
Highway 77, as it 'is located only 13 miles southeast of 
Holbrook, Ariz., and 20 miles by existing roads from the 
south entrance of Petrified Forest National Monument. 
Holbrook had a population of 1,184 in 1940, and that 
same year 199,420 people visited Petrified Forest National 
Monument. It is possible that 8 percent or about 16,000 
might visit this reservoir. Plans for ihe reservoir should 
provide for a protective strip of land around the entire 
reservoir and a suitable area for public recreational use 
where facilities for picnicking, camping, swimming, and 
boating may be provided. It is likely that the reservoir 
would be attractive to waterfowl and other wildlife of 
the region. 
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The next largest reservoir area planned is on Black 
Creek in the Navajo Indian Reservation, just west of the 
Arizona-New Mexico State line. While this reservoir 
is for irrigation and i:nay be drawn down 48 feet, from a 
spillwav elevation covering 1,900 acres to dead-storage 
area or' only 110 acres, the average water area would be 
1,000 acres. If conditions are favorable for fish life it 
should attract fishermen from Gallup, and also be of rec
reational value to the Indians on the reservation .. 

Plans for the Shumway Dam, located just south of the 
town by the same name at the edge of Sit greaves National 
Forest, include a reservoir area of 540 acres at spillway 
elevation, and a dead-storage pool of 185 acres. It 
should be of considerable recreational value as it is in an 
area already popular for fishing, hunting, and summer 
vacations, and will be easily accessible from U S GO and 
State Highway 77. 

The Willow Creek Dam site is in Clear Creek Canyon, 
a ~;ouple of miles below the mouth of Leonard Canyon, 
about 35 miles southwest of Winslow. The reservoir 
would have an· average water surface of 340 acres, an 
area of 5 70 acres at spillway level, and a possible draw
down of 55 feet from spillway level to dead storage. Being 
in the Sitgreaves National Forest at an elevation of 6,100 
feet, the reservoir should be of recreational value to Wins
low, population of 4,5 77 in 1940. Fishing will be the 
main attraction and provisions should be made for public 
access to the shore, and facilities for picnicking, camping, 
and fishing, in cooperation with the forest Service. 

Wild Cat Dam site is also in the Sitgreaves National 
Forest on Chcvelon Creek, about 27 miles due south of · 
Winslow. The reservoir would be slightly larger than Wil
low Creek Reservoir, and the average draw-down would 
be 10 feet less. It will, therefore, compete with Willow 
Reservoir. However, if good fishing is available at both 
reservoirs it would stimulate interest in the sport, and in
crease the number of visitors at both reservoirs. 

The sections of the Little Colorado River Basin in which 
the five reservoir sites are located are known to contain 
pueblo ruins and other archeological sites of importance. 
Archeological surveys of each of the five reservoir sites 
should be made before construction of the dams is started. 

.Gila division.-Down on the Hru;sayampa River, 6 
mil~s .from Wickenburg, called the "Dude Ranch Capi
tal, JS the Box Canyon Dam site. This dam planned 
for irrigation and flood control would have an average 
water surface of 2,000 acres, but might on occasion be 
drawn down 90 f~·et to dead storage, leaving only a HO
acre lake. At sp11lway level 36 feet above the average 
the ~ur~acc area would he 2,900 acres. Located in th~ 
desert JUst bdow the rim of high country this rescr\oir 
s?~ulu receive considerable recreational use by winter 
~sttors. a~d some year-around use by the pe0ple living 
m.the Irrtgated districts west of Phoenix. The dam is GO 
nules from Phoenix, and 68 miles from Prescott, via U S 
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89, the main north-south highway through Arizona. U S 
60 and 70 join U S 89 at Wickenburg. The annual • 
average 24-hour travel on U S 89 south of Wickenburg 
in 1940 was about 1,600 vehicles. 

Boulder division.-In the Joshua tree country north
west of Wickenburg near Alamo is a site for a water con
trol dam on the Williams River. Present plans indicate · 
the reservoir would have a dead-storage pool covering 
2,800 acres, while at average water-storage level the water 
would be 105 feet higher and cover 9,500 acres. At spill
way level 11,950 acres would be flooded. Located 37 
miles west of U S 89, and 32 miles north of U S 60 and 
70 in sparsely populated desert country the recreational 

·use will probably be limited to hunters and fishermen. 
Virgin division.-From the recreational viewpoint the 

most important reservoir site in this basin is the one on 
the Virgin River near Virgin City, Utah. Here it is pro
posed to create an irrigation reservoir which will have a 
dead-storage pool 236 feet deep at the dam site with a 
surface area of 2,300 acres, while at water-storage eleva
tion 12 feet higher there would be a 2, 700-acre lake. The 
total reservoir area would include about 3,800 acres and 
the maximum fluctuation of water-level would be 32 feet. 
Located in the Virgin River Valley near Zion National 
Park this reservoir would have considerable recreational 
value. In 1941, 190,016 people visited Zion National 
Park and probably most of these people passed by the 
reservoir site. It is expected that the number of visitors 
will increase as the scenic beauty of this section of Utah 
becomes more widely known. Many of these visitors 
will use the reservoir area for picnicking, camping, swim
ming, fishing and boating. It is particularly in1portant 
that sufficient land be acquired around this reservoir to 
provide ampl~ public recreational lands and to protect the 
scenery. State Highway 15 will be relocated above high 
warterline along the north side of the reservoir. The rec
reational value of this section of the highway and the 
reservoir would be greatly increased if all the land between 
the road and the water were made available for public 
recreational use. 

The Lower Gunlock Dam Site is on the Santa Clara 
River. Primarily for irrigation, the reservoir with a dead
storage pool of 100 acres and an average water-storage 
pool of 250 acns would be suitable for swimming, fishing, 
and boating and such recreational activities should be at
tracti\·e to the people in that locality where the summers 
are long and warm. 

The Drlmue Dam on Spring Creek, although primarily 
for an irrigation and silt control reservoir, would be of 
some recreational value to the 2,G82 people lh·ing in the 
nearby towns of Pioche and Caliente, Nev. The plan 
calls for an average water-storage pool of 1,000 acres, and 
a dead-storage pool 32 feet lower, covering 600 acres. 
Provision should be made for picni..:king, swimming, boat
ing and fishing. 
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Summary of potential recreational projects and estimated 
annual benefits of potential reservoirs in the Colorado 
Rit>t'T Basin 

Site 

Estimated 
construction 

cost of 
recrPiltional 

facilities 

Green division: 
Fontenelle ••••••• _ ••. -- ... ---..... $17, 000 
Big Basin .•••••••• --------------------------
Flaming Gorge •••••• -------------- 41,000 
Red Canyon ••• ------. __ ..• -- •... -'-.-----.--
Columbus Mountain _______ ------- 9,000 
Juniper •••••••••••• --------------- 13,000 
Lily Park •••••• ____ ._-·- ••••... --. 8, 250 
Pelican Lake ...... ------····------ 18,600 
Starvation •• -------_ .. _ •••••. __ ••. 25, 000 
Mammoth ••• --------------------- 24,500 
Joes Valley---·--·-·- ••• ______ .•••. 28, 900 
Desolation........................ 18,700 
Rattlesnake ••••••••.. ,.............. 19, 000 

Grand division: 
Red Mountain .................... . 
Barbers Basin •••••.••.••• _ •••••• _. 
Missouri Heights------------------
Rille Gap •••••••••..••.. -.- .. ___ .. 
Haystack ••••••••• _. __ .. _._. _____ _ 
Owens Creek ••••... ____ -----------
Vega ••••••••.•• ---.--------------
Almont ••••••..• __ .. ___ . _________ _ 
Castle Creek. _______ . ____________ _ 
TomichL ________________________ _ 
Banana Ranch ___________________ _ 
Rapinero _______________ • _______ • __ 
l:'pring Creek .. ___________ • ____ .. __ 
Gon>uch. _____ -------.- ----- .. -. _-
McPhee .••••• __ ••••. _. ___ ••••• __ _ 

8I:ne~~ny~~=:::: ::::::::::::::::: 
San Juan division: 

19,000 
15, 400 
15, 000 
22,500 

9, 000 
6, 000 
6, 000 
7, 000 
4, 000 

17,700 
5, 700 

46,000 
15,400 
17, 000 
70,000 
5!i, 500 

228,800 

O'Neal Park ••• ·------............ 30,800 
Arboles ••••••••••• _._............. 23, 850 
Long Hollow ••••••• __ .••• ------... 4, 000 
State Line ............... ____ . __ •. 28, 000 
Monument Rocks .•...... -·-- ..• __ .••••.•.••. 
Ironton Park ••••• __ •....•• ________ 13, 405 
Howardsville ••••••..•••.•••.••.•. _ 4, 500 
Recapture........................ 11,250 
~Iill Meadows ________ --· ..• --··_.. 16, 500 
l urrey .•• ··----- ----.------ ---·-- 6, 000 
EBcalante_________________________ 6, 000 

Little Colorado division: 

~~~k~~~=~::::::: ::::::::::::::::: ~~: ~g~ 
Willow Creek...................... 18,000 
Wild Cat................. ------1--

Virgin division: 

·~~~g~~~~~~ ~: ~::: ::::::::::::: 2i~; g~g 
Boulder division: 

~~~~~~~~:En~:~:::::::::::::::::: 
Gila divi$ion: 

Huttt>s .•••. ______________________ _ 
Box ......... ____________________ _ 

38,500 
581, 000 
160,600 

19, 100 
l.'i7, 000 

Annual 
eslim•t..t 
benefil.ll 

$3, 110 
1, 120 
9, 093 
2, 903 
2, 325 
4, 771 
4, 718 
2, 232 
8,160 
6, 461 
8, 658 
7, 430 
7, 430 

6, 960 
7, 515 
5, 540 
9, 113 
3, 91\3 
1, 982 
1,190 
2, 542 
2, 330 
7, 418 
2, 227 

16, 370 
4, 980 
5, 385 

10, 080 
13, 975 

111, 757 

9, 290 
7, 206 
1, 316 
5, 585 

554 
5, 422 
2, 646 
1, 780 
7, 312 
1, 700 
1, 300 

1, 400 
6, 880 
4, 040 
2, 800 

2, f\80 
37, 128 

261 

12,760 
2ii, 370 
40,465 

.'j, 075 
2-l, 1\66 

A number of potential reservoirs have been omitted 
from the summary for one of the followim~ rl'asons: (a) 
there is not sufficient information avaiLtl.ic at present 
to make an estimate of the potential recreational valtw; 
(b) present infonnation indicatrs that the rcscr\oir may 
be empty sometime during the )tar, or have ~o large a 

iOfl:i 1 ~-4&-----17 

fluctuation as to make it undesirable for recreational use; 
(c) the existing recreational values of the reservoir area 
or the immediate vicinity are such that there·would be a 
loss of recreational values or the potential recreational 
values of the reservoir would only compensate for the 
losses. 

METHOD UsED IN EvALUATING REcREATIONAL BENEFITs 

OF POTENTIAL RESERVOIRS 

The method of analysis and evaluation of recreational 
benefits used intends to show only that if the reservoirs 
are fonned and the conditions are suitable for fishing and 
other recreational uses, the recreational benefits inherent 
in them will be worth so much in tenns of dollar value. 
Recreational values or benefits are, in general nom·end
ible; something upon which a monetary scale cannot be 
used. There are, however, through experience, observa
tion and knowledge and by comparison with similar exist
ing areas certain factors which can be appraised. 

The recreational benefits have been based on the esti
mated attendance. The annual attendance was deter
mined by calculating the percent of total population with
in 50-mile radius by existing roads that might be expected 
to use the area, and the number of visitors that might 
be expected from beyond the 50-mile radius. The per
cent of local population varies with -the accessibility of 
the reservoir, the recreational values of the area, the ap
peal or drawing power of the area as compared with other 
or similar recreatipnal features in the region and the per
centage of urban population within the 50-mile radius. 
The following factors were considered in e:;timating the 
number of visitors from beyond the 50-mile radius: near
ness of area to majo_r highways and volume of traffic on 
such highways; general recognition of the recreational 
resources of the region; and the appeal or drawing power 
of the dam and reservoir as compared with other or 
similar recreational features in the region. In the Colo
rado River Basin the density of population, the recrea
tional resources, the volume of tourist travel, and the vaca
tion use vary to such an extent that it is not possible to 
use constant percentages. For example, no local attend
ance can be figured for Glen Canyon Reservoir. The es
timated annual attendance was assumed to be 20 perrent 
of the travel on U S 89 at Na,·ajo Bridge, a few miles 
downstream from the dam site. At the other extreme is 
Shumway Reservoir where it is estimated that approxi
mately 100 percent of the total attendance will be local. 

Having detem1ined the estimated annual attendance, ' 
the recreational benefits were obtained by using four 
factors: 

( 1) Traz·el r•alue.-Travcl values representing an 
aJnount that it~ ;u cost the visitor to travel to and from 
the area ai 1d " po1 ti.'n of an amount he is willing to pay 
for his rrr rt'ation .. I• " a:;sumed that it costs an average 
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of 5 cent~ per mile to operate an automobile, and t?at 
the local attendance will come by auto and truck, brmg 
the average to five persons per automobile. At 5 ce~ts 
per mile the travel value pe.r visitor is then 1 cent per mile 
times the average tr<lvd d1stance to and from the reser
voir. Travf'l vJ.lue for the portion of the attendance other 
than local was included in per diem value, because it is 
ir:ipoS&iblc to drtfrmine how far they t;avded. or the per
centage of their tra vd that can be defirutcly ass1gned to the 
particular arra. In the case of Bridge Canyon, Marble 
Gorge and Glen Canyon Dams, however, a travel value 
wa.~ included to cover. round-trip distance from major 
highways traveled by the portion of the visitors who would 
spenu onlv a few hours at the dam. 

(2) Per diem z•alue.-Information gathered by the 
Colorado Highway Planning Survey shows the average 
out-of-state tourist party, staying at cottage camps, to 
consist of 3.6 persons spending $12.25 or $3.41 per per
son per day. On this basis a figure of $3.40 was used in 
estimating the expenditures of visitors from beyond the 
50-mile radius, a..'•suming in all cases that the~e visiLors 
would spend an averagr of one day at or near the reser
voir, directly chargeable to the area. In a number of cases 
local ,·isitors may be expected to stay over night in the 
area and tourists may spend several days. However, no 
per diem figure has bem used for local visitors and only 
one day per diem is applied to other visitors. · 

(3) Recreational value fo visitors.-Being in an area 
. and enjoying its features and opportunities, whether he 

spends money or not, is worth something to a visitor. T u 

estimate this benefit, a direct hypothetical value of 1 U 
centS per visitor has been used. This is the amount ac· 
tually charged for admission to the State parks in se,·cral 
States, notably Indiana. The 1 0-cent ficrure is a con
servative est.imate. It should not be assum~d that by using 
such.an arbitrary value, that an entrance fee is advocated. 

( 4) General value.-It was not pos.~ible at this time 
to determine the specific fadors for evaluating the bene

. fits to the communities through which the visitors travel 
and to the concessionrr within the area. 

For thi~ report the value to the communities and the 
concessioncr has been estimated as 20 percent of the travel 
value and the per diem value. This represents a gro~ 
profit to business. While the net may be only I 0 percent. 
the labor, capital, and related busines.~ acth ities involved 
in sales will benefit at kast 10 percent, therrfore, the 20 
percent total seems real'onable. 

CosT OF REtREATJO:\ PROJECTS 

The facilities for recreational use and the Cl)Sts there
for~ have .been ~timated from experience and by com
partson With .exlSdng similar areas, giving consideration 
to ~.e.recreational opportuuities :waibhk in the area and 
faCJhtleS desrrvcd by the visitors. 
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Only by a comprehensive survey, study and planni~g 
can a more accurate estimate be made of facilities needed. 
It is beliered that the estimated project costs ~ill be suf
ficient to provide adequate development for the esti
mated number of potential visitors. 

Annual operation and maintenance of the recreational 
facilities is estimated to average about 10 percent of the· 
cost of the facilities. 

FISH AND WILDLIFE SERVICE 

The Colorado River Basin comprising 13 percent of the 
land area of the United States with a population of only 
four persons per square mile (or one-tenth of the national 
average) constitutes one of the chief recreation and primi
tive wildlife and fishing areas in the United States. The 
stream conditions vary from clear, cold, high, mountain 
streams to warm and often silt-laden waters at lower ele
vations. Because of this tremendous variety of habitat, 
conditions that apply in one part of the basin may not 
apply in another. By proper preliminary planning it 
should be possible to safeguard and, in some cases, to in
crease the abundance of both fish and wildlife. 

The report touches upon 114 potential reservoirs for 
the Upper Basin (above Lee Ferry, Ariz.), including 26 
projects that would serve for power production. There 
are 25 proposed reservoirs in the Lower Basin. Because 
of their large number and diversity these project:; cannot 
be treated individually in this report but their main aspects 
will have to be considered, leaving the details to be worked 
out later for each individual project through actual field 
surveys. The Fish and Wildlife Sen·ice has made stream 
and lake surveys within the boundaries of si.x national 
forests and two Indian resen·ations in the basin. 

Upper Colorado Basin 

Evaluation of resources affected by the project.-Tlw 
tributaries of the Green River dh·ision in the upper basin 
ori~inatc in high mounta.illS. 1l1e streams are clear and 
cold. 

The princiral headw~ters of Green River lie in the 
we~tern slope of the WinJ River range of mountains in 
Wyoming. Lakes at the origin of many of these streams 
~ave a v;tricty of trout, principally cutthroat and mack
maw. In the upper reaches of the streams, the cutthroat 
trout i.; the mo~t abundant species, being replaced by the 
rainbow trout at lower len:ls. Brook and bro\\'n trout 
are present, but not numerous. A fairly abund,mt fom1, 
which is becoming increasingly popular, is \\'illiamson's 
whitefish. BehM the city of Green Rin·r, Wyo., trout 
fishing becomes less and less important, and in the main 
strt'am within Utah the only species of importance is the 
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channel catfish. The California golden trout has been 
planted in a few of the high streams. 

In the Grand division, the headwaters of the Colorado 
River and its principal tributaries in Colorado have cut
throat and brook trout as the main species, but at lower 
levels, the rainbow trout is most numerous. Brown trout 
are abundant in several places, notably the Gunnison 
River. Some miles east of the city of Grand Junction, 
channel catfish replace trout and become the important 
species thence down stream in the main river. Large
mouth black bass are present also. Few fish of value are 
found in the reaches above and below Moab, Utah. 

In the San Juan diviliion, the upper reaches of the east
ward-flowing tributaries of the Colorado River in south
ern '!Jtah contain the usual forms of trout in some abund
ance. The main stream in this area is practically inacces
sible, for no roads cross it. Its value as a fishing stream 
may be discounted for the present. The San Juan River 
and tributaries provide a satisfactory general trout habitat 
at the hight'r elevations and channel catfish habitat in the 
lower reaches. 

Unquestionably that portion of the western slope of the 
Continental Divide falling within the Upper Colorado 
River Basin constitutes one of the greatest hunting areas 
in continental United States. Deer abound through most 
of the drainage basin and elk are numerous at the higher 
elevations. :Moose occur in the wilderness areas of the 
upper reaches of the Green River and several large herds 
of mountain sheep are found in Colorado. 

Upland game birds include several species of grouse, 
particularly sage grouse, which are fairly numerous along 
the Yampa River and the Duchesne River in Utah. 
Ptarmigan. are found in the high mountain country of 
Colorado and wild turkey still exist in the upper reaches 
of the San Juan River of New Mexico and Colorado. 

Present waterfowl habitat is rather limited, but the 
Colorado River is a strategic migration route and appre
ciable acreages of marshlands exist along the headwaters 
in Wyoming particularly in the vicinity of Daniel. The 
importance of preserving the relatinly limited acreage of 
marshland in that part of a major waterfowl flyway is of 
utmost importance in the preservation of a natural re
source. As conditions now are, the small acreage of such 
food and cover habitat is a factor in limiting the use of 
the fi)way by waterfowl. Without such habitat, rest areas 
supplied by irrigation reservoirs may be of little value. 

Fur bearers, with the possible exception of beaver, are 
of secondary importance in the basin and it is thought 
that the proposed reservoirs will have little effect upo~ 
them. 

Effects of the projects.-In the upper tributaries fish 
maintenance depends to a large extent upon an ample sup
ply of cold water and protection of the fish from being 
drawn into major water diversions. In the Green River 

below the town of Green River, Wyo., and in the Colo
rado River below Grand Junction, Colo., and in the San 
Juan below the Colorado-Utah line, the streams become 
silt-laden and gravel bottoms are generally replaced by 
sand arid mud and the riffies become less numerous. This 
reduces the value of these portions of the streams for fish. 

On these trout streams of the upper basin, it is im
portant that the methods of operation be fully studied in 
the early planning stage of each project to insure that pro
vision is made to release sufficient water from all im
poundments to safeguard stream conditions adequately. 

. In most of the reservoirs on the warmer portions of the 
.streams, it may be advantageous to withdraw water from 
the lower levels of the reservoirs in order to provide cold 
waters. 

The project plans as at present outlined do not contain 
sufficient data to be able to judge the effect of the in
dividual projects so that no comment can be made at this 
time on the adequacy of the conservation pools or the 
effect of the method of operation. Reservoirs for irriga
tion usually contain a certain amount of dead storage for 
silt deposition. Even in the clear upper waters it is im
portant that the wildlife conservation pools be made a 
feature of all reservoirs so that fish will not be destroyed 
by excessiYe draw downs. 

Stream surveys made in previous years by the Fish and 
Wildlife Service showed tl1at a great many of the exist· 
ing irrigation reservoirs are either drained completely or 
so reduced in volume during the late summer that they are 
worthless for fish production. Even in cases where a con· 
servation pool was present the extreme fluctuations in 
water level prohibited the growth of plant food and made 
the reservoirs unsuitable for fish spawning. This condi
tion can be ameliorated both by provision for a larger 
wildlife conservation pool and by subimpoundments to 
provide permanent areas with a stable water level. 

The projects outlined in the report call for a number 
of diversions of water from the Colorado into other basins. 
The exact effect of such diversions cannot be determined 
without specific studies but if these u.~ually result in a great 
reduction in the volume of stream flow, those proposed will 
undoubtedly be harmful to fish and wildlife because of 
habitat destruction. It is possible that this may be partly 
compensated for by the provision of large stable level 
reservoirs at the points of water diversions. Such reser
voirs, if they have their diversions properly screened and 
prodsions are made for stocking, may provide fishing to 
some degree, but the danger exists that natural balances 
between tributaries, riffles, pools and other habitat factors 
will be so disturbed as to offset in part the advantages 
gained by these diversional reservoirs. As most of these 
diversions are at high elevation, they should be suitable 
for cold-water species of game fish but it is doubtful that 
these storage reservoirs will contain sufficient direct trib-
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utary streams to provide sufficient s~aw~ing areas. There
fore, it may be necmary to provtde mcreased hatchery 
facilities. 

The value of these reservoirs for recreation and fishing 
should be protected by providing public access, and in 
most cases setting aside land for public use. 

On the Colorado River it is not necessary to provide 
fi~hways for anadromous fish and most of the resident 
fish are nonmigratory except for short migrations to ob
tain favorable spawning conditions. Therefore, there will 
be but few dams if any which will require fishways. 
Where w4ter is being diverted for irrigation, it may be 
necessary to screen many of these diversions but this will 
be a matter requirin,g study of the conditions at each speci
fic point. 

Pollution of the Upper Colorado River as a whole is 
neglig[i.~le at present. Wastes from mines, mills, and 
smdters, however, threaten to create or are creating pollu
tion problems in the vicinity of Rock Springs, Wyo., and 
Pric~, Utah. When pollutants are permitted to enter.a 
rc~tn·oir, they have a chance to accumulate and their 
e!Iect can be serious. Therefore, steps sh'ould be taken to 
remO\·e or .greatly to alleviate these conditions before a 
project is constructed below a source of major pollution. 

The projects in the upper basin that are not designed 
for transmountain diversion will in many cases be used 
to prodde storage to refill reservoirs many miles down
stream. Certain of these reservoirs will also be utilized 
for power production. In both of these cases it should 
Le possible to work out a schedule of operation that will 
provide for a minimum continuous ·release of water to 
maintain fishing. This will in many cases well compen
sate for the flooding out and the destruction of a great 
many miles of trout water and will be especially helpful 
on many streams that tend to be intermittent during the 
summer months over their lower courses. 

Insufficient data on stream mileages involved and on 
the proposed reservoirs and their operation are available 
to. th~ Fi~h and Wildlife Service on which to compute 
wildlife values. For 10 of the power reservoirs it is pos
:i~le.to ev~uate migratory waterfowl values gained, but 
It IS tmposstblc to compute damages until the amount of 
natural habitat destroyed is known. Any silt reduction 
w~ res~lt in benefit to wildlife as well as fish, depending 
pnmanly upon the management of silt deposition. The 
methods of reservoir operation, therefore, will be the de
termining factors in mitigation of damages and pos.~ible 
creation of benefits. 

Lower Colorado Basin 

Eualuat~o?. of resources affected by the pro jut.-In 
the four dtvl.Stons of the Iowa basin the cold-water fish 
arc cotl!incd almost wholly to the lugher clcntions in the 
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Virgin, Little Colorado, and Gila divisions. In the 
Boulder division a beautiful trout stream has been created 
immediately below Boulder Dam by drawing off cold, 
clear water from the depths of the reservoir and stocking 
this portion of the river with rainbow trout. 

In the lower divisions of the Colorado the main Colo
rado River flows largely through a deep canyon and re
ceives water chiefly from a few principal rivers that are 
sufficiently large to flow throughout the year. It also 
receives flood waters of many intermittent streams. Trout 
are found only at the higher elevations. Rainbow and 
brown trout are the chief species. After these streams 
flow out of the mountains, they contain catfish, bass, sun
fish, crappies, channel catfish, and bonytails. A great 
many of these streams sink into the desert and disappear 
along their lower reaches. Surveys made of many of these 
headwater streams, having heavy fishing pressure, show 
them to have considerable recreational value. 

In the Boulder division a rather complete survey of the 
river from the Nevada-California line to the Gulf of 
Mexico has been made by the California Division of Fish 
and Game. This lower section of the Colorado is char
acterized by warm, silty water fluctuating considerably in 
volume with a shifting bottom. It is very deficient in 
fish food due to the high turbidity, the unstable bottom, 
and the fluctuations in level. Fishes are not abundant 
except in backwaters, the small temporary lakes that are 
formed behind the shifting sand bars of the channel in the 
reservoirs, and in the main irrigation c~nals. The chief 
fishes at present are introduced varieties, most of the natiYe 
fishes apparently suffered from the man-made changes in 
the river and are no longer abundant. 

Largemouth bass, carp, catfish, and bluegill sunfish 
are the mcst abundant species in the reservoirs of the 
main river. Mullet are abundant as far upstream as Im
perial Darn. Trout are not ordinarily found in the main 
river except for the stretch of from 20 to 30 miles of cold, 
clear water that is drawn off from the deeper portions 
of Boulder Darn. The main irrigation canals in the lower 
portions of the basin are ordinarily filled with water 
throughout the year and contain large numbers of fish 
wherever the current is not too swift. The main power 
reservoirs that are proposed for almost the total length 
of the Colorado River will flood several hundred miles 
of the main stream. The degree of turbidity of the water 
in the main Colorado Ri,·er is so great due to the trc
mendm:s loads of silt carried that it is quite unproductive 
of fish foods. The shifting bottom also smothers food or
ganisms. Therefore, it is felt that the desilting of the 
ri\'er and the formation of thc~e trcmcnd,)us lakes will 
undoubtedly add considerably to the fi~hcry values of the 
main rhcr. 

When the upper basin rcachc$ its ultimate dc\'clopnwnt 
there is some po:-.~ibility that the fi~hnies in the lower 
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basin may suffer from the excess quantities of alkali that 
will be leached out of the irrigated land and returned 
through drains into the river. When DavL~ Dam is com
pleted it will flood the trout waters below Boulder Dam 
and destroy this fishery. It will have some beneficial ef
fect, however, in reducing the silt carried into Havasu 
Lake. 

In the Lower Colorado River basin there are 10 na
tional wildlife refuges located in Arizona, Nevada, and 
California. These are for the preservation of bighorn 
sheep, mule deer, antelope, peccary, upland game birds, 
and waterfowl. A major portion of the lands within the 
lower basin is under Federal administration. It is on 
such areas, administered primarily by other agencies that 
the national wildlife refuges have been established and are 
being maintained in line with the policy of providing 
multiple use of each project so far as is consistent with 
its primary purpose. Such secondary use of areas is not 
so productive of results as would be the case under pri
mary control, but these do make possible a substantial 
contribution t~ wildlife conservation. This is particularly 
true of rare and important forms whose range and habitats 
are restricted. Their continued preservation, therefore, 
will be dependent upon the multiple use of areas along 
the lower Colorado where suitable habitat and water may 
be provided. Likewise it is imperative that. desirable hab
itat for waterfowl be maintained in the lower Colorado 
where two major continental flyways converge. 

Means for mitigating losses and deriving maximum 
benefits.-The existing and potential wildlife resources 
of the Lower Colorado River Basin are well known, and 
in any coordinated development of the basin appropriate 
recognition should be given these assets. 

The Fish and Wildlife Service, as indicated in the re
port, has established 10 wildlife refuges and 1 trout fish 
hatchery within the basin and recognizes the opportuni
ties for further, needed development that is presented 
through the Bureau of Reclamation reservoir program. 
Agriculture and hydroelectrical projects are being bene
?ted p_rimarily by such development, but in many areas, 
mcludmg some of the arid and semiarid regions where 
conditions do not lend themselves to agriculture or other 
economic interests, wildlife, and recreational develop
ment offers much to the future of the states and communi
ties concerned. 

The importance of development requires that a de
tailed survey of the project areas be made and refuges es
tablished where location, reservoir operation, and physical 
features will serve to promote development of habitat for 
wildlife. Where conditions do lend themselves to such 
development, the Bureau of Reclamation should make 
every possible effort to operate the reservoi111 with full con
sideration of the wildlife interests. Such operation would 
include limiting the minimum draw-do¥.11 to an elevation 

that would provide a pool of sufficient depth and area to 
sustain fish life. 

Where the operation of a reservoir requires maximum 
draw-down to the detriment of wildlife or its habitat, con
sideration should be given to construction of underwater 
or retaining dikes or upstream development to preserve 
aquatic fo~d plants for waterfowl. Proper development 
of waterfowl areas will influence an increased use of this 
flyway and add materially to the over-all \'alue of the 
Bureau of Reclamation reservoir program. 

The fish-stocking demands in the area are increasing 
each year, and it will be necessary to construct additional 

· facilities to meet this added demand. A modern com
bination trout-bass fishery station should be constructed 
for this purpose near Page Springs in Oak Creek Canyon 
about 40 miles south of Flagstaff, Ariz. The cost of 
such a plant would be about $105,000. In' addition, it 
will be necessary further to develop the Williams Creek 
Station for the incubation of trout eggs because of the Page 
Spring water being too warm for incubation but ideal for 
rearing rainbow trout fry and fingerlings. The rainbow 
eggs would then be processed at the Williams Creek 
Hatchery and moved to the Page Spring station in the ad
vanced fry stage. The Williams Creek development will 
involve one additional fish culturist and need for approxi
mately $20,000 for expansion of the facilities. 

It is desirable. that, where required, fish screens of a 
type acceptable to the Fish and Wildlife Service be in
stalled in the "turn-out" structures. 

Recommendations 

It is recommended that: 
1. All reservoirs provide suitable dead storage capacity 

to meet the requirements for protection of fish and wild
life; such capacities to be advocated upon the basis of the 
surveys to be made in compliance with recommendation 
12 hereinafter. 

2. Release of water from all impoundages b~ suf· 
ficient to safeguard adequately or improve fishing condi
tions in streams below reservoirs through stabilized flows. 
To determine the minimum adequate amounts to meet 
fish and wildlife needs detailed surveys will be required. 

3. In respect to all reservoirs, operation of the gates 
shall be at such rates as will give adequate protection 
to fish and wildlife as shown by detailed surveys to be 
made hereafter. 

4. Diversions, where necessary, be adequately screened 
for fish protection. 

5. Plans for each headwater reservoir be presented to the 
Fish and Wildlife Service for study prior to construction 
in order to permit determination of advisability of in· 
corporating therein provision for fish ladders or similar 
devices to facilitate natural spawning. 
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6. Where reservoirs are to be established on streams 
subject to mine tailings, oil, industrial, sawmill wastes, and 
other forms of pollution, provisions be made to remove the 
hazard. 

7. Engineering studies be conducted to determine the 
feasibility of sill dyking to provide as extensively as pos· 
sible shallow lateral pools with stable water-spawning and 
·rearing areas for fish and feeding and resting areas for 
wildlife. 

8. Stt•dies be made of all reservoirs to determine those, 
if any, which should be de.signated as wildlife refuge and 
management areas. 

9. Adequate facilities be provided at each reservoir for 
access by the public for appropriate fishing, hunting, and 
other forms of recreation. 

10. Engineering plans of all reservoirs provide for out
let facilities so constructed as to release water from as close 
to the bottom of the reservoir as is practicable. 

11. Hatcht:ry facilities be provided for such increased 
~tocking as may be required for new reservoir construc
tion to satisfy fishing demands. This should include 
doubling the present capacity of the Fish Cultural Sta· 
tion :.tt Springville, Utah, for the production of legal-sized 
trout. It is estimated that the cost of the latter will be 
abou~ $56,200. In addition, a modern combination trout
bass fisheries station should be constructed near Page 
Springs in Oak Creek Canyon about 40 miles south of 
Flagstaff, Ariz., at a cost of approximately $105,000. To 
supplement the facilities of this new hatchery the Williams 
Station should be further developed for the necessary in
cubation of trout eggs not possible at Page Springs, at 
a cost of about $20,000. 

12. An allotment be established to provide for surveying 
the proposed reservoirs within the basin to determine their 
possible cffe~ts on fish and wildlife so as to mitigate dam
ages and to mcrease benefits. Such a task is beyond the 
present personnel and appropriation limits of the Fish and 
Wildlife Senice. To make the essential field surveys the 
estimated costs for the fiscal year 1946 are $132,000 for 
personnel and expenses. 

GRAZING SERVICE 

Objectives and Functions of the Gra:dng Service 

Under the ~aylor Grazing Act of June 28, 1934, as 
amc.ndcd, the Secretary of the Interior is authorL~ed toes
t,abl~s~ed grating d!stricts. from the public domain ( rx
dusl\e of Ala~ka) mcludmg not to cxcc('d 142,000,000 
acre.~ of, vaca~t, unres~rvr.J, and unappropri,ttcJ public 
~a~d. 1 he pnmary ohJCdl\'rs of this art arc: ( 1) tu ~top 
InJury to the public grazing lands by pn·venting O\crgraz-
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ing and soil deterioration; ( 2) to provide for their or
derly use, improvement, and development; and ( 3) to 
stabilize the livestock industry dependent upon the public 
range. 

The Grazing Service is the designated agency respon
sible for the administration of grazing districts. Operating 
on a decentralized plan, it is headed by the Director of 
Grazing, who is responsible for the conduct of policies and 
programs approved by the Secretary of the Interior. The 
Director's immediate staff consist~ of an assistant director, 
a chief counsel, and the chiefs of four major functional 
branches: Operations, Range Management, Range Im
provements, and Land Acquisition and Control. The as
sistant director, who also acts as liaison officer, is stationed 
in Washington, D. C. The Director's office is located in 
Salt Lake City. Ten regional headquarters, each in 
charge of a regional grazier, have been established within 
the States affected. As of June 30, 1944, there were 60 
grazing districts organized and operating, each of which 
is in charge of a district grazier. In each district there 
is a district advisory board composed of from 5 to 12 
stockmen and 1 wildlife member who advise with the dis
trict grazier and make recommendations on all matters 
pertaining to the internal affairs of the district they repre
sent. 

Grazing districts are composed of Federal, State, and 
private lands, with a gross acreage of 264,609,700 acres. 
The break-down of land ownership in the districts as of 
June 30, 1944, is as follows: 

Federal land withdr11WU by ~sta!Jlishnlof'nt of graz-
ing districts __________________________________ 132.281, mi'i 

Other l<'etl~rnl laud.---------------------------- 8, 617, OS2 

Tutnl Federal laud aduJini~h·•·ed hy the Grazing 
~ervice ' HO, 8118. 117 

Other 1:.!3, 711, fi83 

Gross nrt>:l------------------------------- 2tl4, ti09, 700 
• In ndtlltlon, th~ Grazing R~rYiee adminlst~rs 1.300.~~5 acr~s of non

F~II~rn.llnntl within !(rnzlug dl~trlrts In 6 Statrs untler lPnsPs authorir.~tl 
by thE' PiPr<·o Act of June 23, l\138, and under eooperutive agreement 
with the owuers. 

1 Indnrles ::\tate, private, county, a nil certain withdrawn huuls wbkh 
I be Gmzlng Sen!• e tloes not administt•r. 

The long-time objectives of the Grazing Service are to 
protect, develop, and improve grazing-district lands 
through proper management for sustained yield anJ eco
nomic u~e; to coordinate this use with that of related 
lands; to roPperate fully with agencies and individuals 
having related intrrests and re~p·~n~ibilities; and to ffl'ate 
and establish a practical range economy ronsi~tcnt with 
sound r·>nst·n·atinn and resource management principb. 

Administration of the GO gr;L!.ing districtg includes t!tc 
protection and Jcvelnpmcnt of the natur.tl resout:n·s .md 
in particular the management anJ alltX;Hion of the u~c 
of range resource~; the rxamin.ttion anti d.\~sificati(lll Llf 

lands with respect to grazing or ag-ricultural uses; arhl 
cooperation \\'ith agencies and inclh iduals in the correla
tion of lanJ usr, dc\'rll'pment and improvement of the 
range resoun-e~:, and in the pren·ntion and suppre~~icn 
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IRRIGATED lL-\Y FIELDS UNDER UNCOMPAHGRE PROJECT 
Canal carries water that transforms desert (foreg;ound) into hay land (background) 

of range and timber fires. Grazing use is made of the 
approximately 142,000,000 acres of Federal range during 
a part of all of each year by upwards of 11,000,000 live
stock owned by more than 22,000 permittees. This pub
lic range use is coordinated with that of private properties 
as an aid to the proper and economic year-round use of 
both public and private lands. Without the use of the 
public range the values of the dependent privately owned 
properties would decline sharply. 

In line with the control and beneficial use of all there
sources involved, the Grazing Service program includes 

watershed protection and other related activities of pre
dominant public interest. The proposed reclamation pro
gram in the Colorado River Basin will no doubt enlarge 
the benefits to be derived from the grazing land admin
istered by this Service. Regulated range use can be aug
mented by the proposed program and benefits will accrue 
not only to the livestock industry but to the entire Nation 
through a greater stabilization of livestock production, 
conservation of the land and its resources, reduced silting 
of irrigation works, clearer streams, and more uniform 
stream flow on the watersheds. 

~lOUNTAIN 
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Gra.~ing Districts in the Colorado River Basin 

GENERAL 

Twenty-six of the sixty grazing districts e~tablished 
under the Taylor Grazing Actof 1934, a~ amepded, .are 
located in whole or in part within the Colorado Rtver 
Drainage Basin by States. as follows: Arizona, 4; Colo-
rado 6· Nevada ?· New Mexico, 4; Utah, 7; and ' ~ ) ' .. ' 
Wyoming, 3. . . . 

The grazing-district area wtthm the basm tot~ls 74,-
405,000 acres, of which 52,648,000 acres (apprOXIf!lately 
the size of Utah) are federally owned. Of the remainder, 
!6,030,000 acres are privately owned and 5,727,000 acres 
belong to the States and counties affected. The total 
land area admini~tered by the Grazing Service within the 
basin is 5U,005,000 acres. In adultion to their importance 
for grazing, these lands are an integral part of the entire 
watershed to which they are closely allied. Federal lands 
( wirhdra wn for various purposes) not administered by the 
Grazing Service total2,657,000 acres. 

The population density is less than 2.7 persons to the 
square mile totaling approximately 308,000 people ( 1940 
census) in the 26 grazing districts. 

Elevations range from a few feet above sea level in 
southwestern Arizona, affording a year-long growing: sea· 
son, to more than 8,000 feet in northern foothill or moun· 
tain areas, where only a 60- to 90·day growing season 
prevails. ·Rainfall ranges from less than 5 inches to 
more than 20 inches, with a great proportion of the area 
receiving less than 10 inches annually. 

Vegetation types consist of creosote bush, bursage, and 
desert annuals on the southern deserts; desert saltbush 
types in the lower areas of Utah, Colorado, and Wyoming; 
and sagebrush, bunch grasses, mountain meadow, wood
land, and timber at the higher elevations. Seasons of 
range use are from y<'ar-long in the southwest to a short 
spring-fall or summer season in higher altitudes. Large 
parts of the deserts of the upper basin are grazed prin· 
cipally during winter months because of scarcity of stock· 
water supplies, for use in other seasons. Grazing capaci
ties vary widely. As a rule the per<'nnial forage is more 
plentiful in the northern districts and forage production 
is correspondingly higher as indicated by the permitted 
use. 

GRAZING Ust 

Stock raising is the ptinCipal agricultutal pursuit within 
the grazing-district area of the basin. Tn certain local
i~e~ areas, however, some general farmillg, 'or even spe
ctaltzed farming, is practiced, with live~IOl k a)'suming a 
relatively unimportant part. Through<•• t the ba~in gen
erally most farming land is intern1ing'cd with range 
land. In such areas, as well as in sonJt: areas devoted 
strictly to farming operations, lhe lands arc used mainly 
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for the production of hay and feed crops to suppl~
ment range forage during seasons when range feed lS 

not available. There is, therefore, a direct correlation be
tween the livestock ranch, the valley farm, and the upland 
canges. Even specialized crops such as sugar beets in 
the north and cotton in the southwest, the primary prod
ucts of which are sugar and fiber, are directly related to 
range livestock production through their byproducts. 
Beet pulp, cottonseed cake, and other similar byproducts 
furnish an important part of the feed requirements for 
range livestock. Any program for the development of 
arable areas by irrigation must therefore take into con
sideration the range livestock indtLstry where the climate, 
topography, and native vegetation are such that livestoc.k 
production will always be an important part of the agn-
cultural economy of the basin. · 

Grazing use of the Federal range is controlled by a 
system of permits and licenses to stock owners who also 
own or control private properties consisting of forage-pro
ducing lands or stock waters used in connection wi~h the 
Federal range. Perrnils and licenses have been ts.<med 
to 7 325 livestock operators for 3,436,000 head of live
stock (cattle, horses, sheep, and goats) on grazing-district 
lands in the basin for various periods of the year. Two
thirds of the pern1ittees and four·fifths of the livest~ck 
are in the upper basin area (above Lee F ~rry), wh~ch 
contains 58 percent of the Federal range m the entire 
basin. Permitted use of the upper and lower parts of the 
basin is shown as follo\'I'"S: 

---------1 rwrh~~'~ 
X umber or P.PrmitteP~--- ---1 4, 8::'i 
!\umber of hvestock _______ i2, 913, Oll•l, 

Low~r basin I Total 

2, 427 I 1, 325 
5i3, ooo I 3, 486, ooo 

RELATIONSHIP OF RANGE MANAGBlENT TO SoiL AND 

MoisTURE CoNSERVATION 

The Taylor Grazing Act of 1934:, the Soil Conservation 
Act of 1935, and the President's,Reorganization Plan No. 
IV of 1940 place a responsibility on the Grazing Service 
and the Deparunent uf the Interior to study soil erosion 
and surface run-off and to perform such work as may be 
necesary to stabilize the soil and conserye moisture in 
order to protect and rehabilitate areas subject to grazing 
administration. 

~luc!1 of the silt carried in the streams of the Colorado 
River SY!'tem and later deposited in Lake ~lead or other 
reservoirs of the basin is picked up from the foothills and 
pbins of the more arid portions of the basin _as well as 
from the ra\ines and gorges of the steeply slopmg moun· 
tain areas. 

Since grazing districts are an important part of the 
Colorado River watershed. from ''hkh water is prmided 
for the major reclamatinn proj~cts, as well as for hun-
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Jreds of minor irrigation systems scattered through •J1e 
basin, the protection of these watersheds is a most impQr
tant function of grazing-district administraion. Wattt
shcd protection not only aids forage produc~io'n for live. 
stock use but it also promotes the conservation of both sol. 
and moisture for the general benefit of the locality and 
the Nation. · 

The Grazing Service is undertaking to rehabilitate and 
promote the orderly use of lands which for the most part 
were abused through overstocking and exploitation during 
the time when the public domain was free and unregulated. 
Because of the advanced stages of deterioration reached by 
some of the lands prior to the initiation of regulated use, 
there is yet a sizable job to be accomplished in further 
protecting and improving the lands and their resources 
and in preventing further deterioration through the loss 
of forage, timber, 'water resources, and even the soil itself, 
incident to erosion and other destructive processes. 

The principal means of rehabilitation and watershed 
protection by the Grazing Service are ( 1 ) range manage
ment and proper stocking; (2) fire prevention and con
trol; ( 3 ) reseeding and range rehabilitation; and ( 4) 
mechanical treatments to retard erosion, 

The soil and moisture conservation program has been 
limited during the past 3 years chiefly to maintain exist
ing improvements, reseeding, and to related work requir
ing a minimum of critical materials. Extensive plans for 
postwar development of the range resources in this and 
other drainage basins have been prepared. These plans 
contemplate additional water developments, reseeding, 
fences, control of predatory animals and rodents, fire look
outs, and other fire control facilities. .All of these activi
ties are destined to have a direct influence on sedimenta
tion of storage facilities and in the stability of important 
reclamation works. 

PossiBLE EFFECTS OF ADDITIONAL RECLAMATION 

DEVELOPMENT 

The land pattern in the areas proposed forreclamation 
development is such that both tillable privately owned and 
public lands undoubtedly will be involved. This will 
result in the loss for grazing purposes of a considerable 
area of private and public lands in grazing districts. Such 
grazing losses will likely be more than offset by increased' 
production ~rom irrigated lands. It would appear there
fore that neither the range users nor the Grazing Service 
would object to the decreased grazing-district range since 
sue~ losses will be overcome by additional production re
;ultmg from the reclamation program. 

In many instances it is probable that the development of 
the area through irrigation will actually relieve the re
maining public ranges of a certain amount of grazing by 
reason of the production of more irrigated pastures and 
suppemental feeds for use by range livestock and farm 
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animals, including dairy and work stock. Such addi
tional feed can also be used to advantage in the finishing 
of cattle and sheep for market in localities adapted to such 
practices1 thus providing more pounds of meat without 
increasing livestock numbers on the diminished acreage 
of range. 

· Local Grazing Service officials in each grazing district 
will furnish the Bureau of Reclamation with any needed 
assistance in ~orking out practical farm' and ranch units. 
Within the gr~ing-district areas proposed for reclamation 
development,~tockmen own land and water upon which 
grazing pri\J:ges are based. In these areas it is felt that 

·prior to finp disposition of the public lands and water 
rights tone settlers a survey should be made to determine 
to what ex nt this program will disrupt or unbalance ex
isting lives1 ck outfits. An effort should then be made to 
permit op( ators who may lose grazing privileges as a 
result of th program to bring their year-Jong livestock 
operations to palance through securing some of the 
irrigable Ia ~pd water rights if they so desire. In 
short, an at mpt should be made to stabilize existing 
operations simullaneously with setting up new operational 
units. Failure 10 t, · ve such con.sideration may offset par
tially any benefi:s esulting from the program. 

Although mrnt f the results of the proposed reclama
tion program ir, the basin will be favorable from a Graz
ing Service viewp~int, there will undoubtedly be a con
siderable number1 of adjustments necessary in existing 
licenses and permlps as a result of the progran1. A review 
of the proposed reclamation program indic,1tes that the 
development program will be carried on in substantially all 
of the grazing districts of the basin. Accordingly, some of 
the public la~ds, which are now and which have been for 
a number of years in grazing allotments, will probably be 
removed froi:n these allotments to be used in tl1e reclama
tion program. In such instances it will be necessary to 
adjust grazing licenses and permits to include only areas 
which are not to be reclaimed for irrigation purposes. 

In certain other areas new demands for public range 
grazing privileges will probably be made by newly created 
ranch and farm units lying adjacent to or in the vicinity of 
Federal range. Since most public ranges in grazing dis
tricts are now stocked to capacity, there is little likelihood 
of supply~ng new applicants with public-land grazing priv
ileges except in special areas. Any activity on the part of 
new ranch and farm set-ups to gain public-land privileges 
will result in the necessary studies by the Grazing Service 
before any determination is made relating to demands for 
such privileges. · 

In still other areas stock ranches which have heretofore 
been used as base properties in connection with public~ 
land grazing privileges are likely to be converted into 
farms unJer the proposed plan to irrigate all lands in the 
basin practicable of irrigatioq. Such conversion of hay 
and feed ranches into farms for the production of general 
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fann crops would probably lead to a considerable number 
of applications on the part of ranch owners to have the 
grazing pri\'ileges attaching to these ranches tr~ferred to 
other ranches. The Federal Range Code.pr~ pes for the 
transfer of public-land grazing privileges fr1n one base 
property to another under certain conditiu~s·{. It is there
fore expected that some acti\'ity toward tr nsfers of graz
in~ privileges betweerr base properties w: result in this 
and other basiru from the program of the !3ureau of Rec-. 
lamation to place new lands under irrigaton. 

Since complete details are lacking relatin~ to the 8pccific 
areas which will be reclaimed in the imme,liate future, it 
is impo~ible to make accurate estimates 01 all the work 
v. hich will be J;C(C~ary by the Grazing Ser·:ce as an ,,ult 
d this new irrigJ.tion program. According!•, in addition 
to the three types of work abo\'e mentioned, .here may Le 
o1her work not now foreseen which should l.te given con
~idcr~tion in any estimate of necessary rranpower and 
fuuds. In all of the new work anticipared, ;dministrativc 
and tt:(hnical pcrsunnel of the Grazing <::rice will be re
quired to make on-the-ground studies i? Jhing all licenses. 
and permits which might be disturbed o all new applica
tions which must be gi\'en com.id·:r. ivn for grazing 
pri\'ileges. Such studies would inv•>h both field and 
olfice work, together with statistical a 1d ·1arrative reports 
concerning the effects of the propo~e(t ir~it.:ation plans on 
the grazing picture and ~teps to be tak.:n to make the 
necCS8ary adjustments with the lca.~t J'ft.side upset to the 
economy of the area generally. This additional work by 
the Grazing Service will also invoke ,cbse coordination 
and planning among local repre!'enL~tives of both the 
Grazing ~en·ice and the Bureau of Reda1•1ation in order 
that the programs of both agencies may le in harn10ny 
'' ith respe( t to the O\'er-all land-use situation in the af-
fected an·as. 1 

Should the additional work to be placed on thr Grazing 
Scnice bt accompli~htd during the fi:-;cal year 19-!6 as a 
rc:.ult of the Colorado Ri\'tr RL~in n·clamation program, 
the full amount of monc)' <-stimated a~ ncc~<ary for car· 
ryi11g on this work ~houiJ be made available for use during 
that flsc;J year. btimat(d funds necel\sary to accomplish 
tlte Grazing Scn·ice work invol\'ed in anticipated adjust
rucnt~ during the fi!'ctl )Ur 1~146 total $1~0.000 for the 
bJ.,in. This Nimate U. b;1't~d on thr premise that the 
program will nut a."..~unH' its full '<'Opt' during the c:arly 
~tagcs of dcvrlopmcttt. 

BURL\U OF Mll"ES 

Pruf:!.ll1111 of the Bureau of .Hines un ll\lft'r 
Utili-:.atiun 

The minn :tl indtt~trv l;,,s an intcn·st in the ,,·,iter of • 
flowing ~trC'ai!IS a.~ a so,;rcl" of watrr ntn,,ary fur millill);, 
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ling, and txtracting metals or minerals from 
o s. Except for hydraulic mining, these demand 

t large. 
The power generated by flowing water is of great i 

e~t to the mineral industries whmever it can be gene1 
at sufficiently low cost to compete with power at ex1 
electrochemical centers. A very wide range of pro' 
can be made from very common raw materials and r 
products prepared that are almost impossible b~ any, 
technique. The emphasi;; must be on low cost o 
power. 

Whereas many mineral commodities are 5parsel) 
tributed and their mines ha,·e relati\'ely short life, le; 
to the recognition by tax officials that a mine is wa 
asset, the electrochemical industries are often ba~c· 
raw materi<~.ls a\·ailable in abundance. This lea< 
more Mable communities that can hope to suni,·· 
definitely anJ not become ghost towns. 

1Iineral industries sometimes create nuisance 
meam~ and the mitigation of these nuisances has incl1 
certain restricti\'e legislation largely by the State go' 
ments. Hydraulic mining of unconsolidated deposi 
gold and other minerals is a highly efficient fonn of mi1 
Howe\'er, it lea\'es the streams loaded with clay, soil. 
heavier debris that causes annoyance to other inte 
farther down a stre<1m. When planned in ad,·ano 
hydraulic mining enterprise can pro,·ide for comple· 
sufficient partial pre,·emion of this nuisance. ~lill 
ings are not often turned directly into streams in the 
they once were. While this was the cheapest way t 
rid of them, history has too often recorded the profi 
retreatment of impounded tailing a~ technologic adv: 
made a retreatment economic. The mineral indu, 
recognize the di~posal of tailing into ~treams as s' 
sighted management and are glad to have the legisL 
that pre\'cnts such management by certain elem 
Objectionable roluble salts like cyanides from gold mi 
iron salts and acid in coal mine drainage waters are c 

nuU.ances recognized by the miner~ L'1dus~ri;s and t 
extent that these can be vented wtthout IDJUry to • 
interest~ are oftrn allm,ed to continue but are best 
trolled onlv when there are certain restricth e law· 
signed to d~·teimine when a waste product bec~u1es <t 

Iution. It is the policy of the Bureau of ~hnes (, 
operate in all possible ways to help .drtcnnine .thest' 
mis.~ihle limits and aYoiJ destructton of umts ol 
mineral el othJlll)' by ultra re~tricti\·e mea~ures. 

Outside of the pollution problem the mineral indu 
C•HllC into littk fPnllict "ith other interests in the ut 
tion of wa4:r. The yo\ume dcn1<1nJcd is not Jar 
compari~on to the nct'ds of irrigation, na:i~ativn, .c 
dl'\ dopmrnt of electric powt:r. !he extsu~g pn• 
on w;1trr rights do not l•ftrn conflK.t wtth mmeral , 

·0 m,·. HmH·,·er. its must he recogmLed that the a\ 
mir;t whill' \Jf short n·lati\·e life, is usu.11ly a ~ite fur 
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concentrated production of wealth that builds up the com
munity, particularly from the standpoint of transporta
tion and similar facilities and leaves these as an inheritance 
to the lung-lived agricultural interests. In an occasional 
case the wat~r, power, and other services developed by a 
mining enterprise are separately operated under a sepa
rate corporation that can continue to serve adjacent com
munities after the mine i.s exhausted. 

The organic act of the Bure-au of Mines directs it to 
increase safety and efficiency in the mineral industries and 
prevent mineral wastes.. Efficiency in the mineral indus
tries demand~ conservative use of water and the utiliza
tion of water power wherever its use increa' es efficiency in 

' the mineral industries. It i.s here that the greatest con
structive dTort ca n be exerted. Electrochemical prac
tices of the remainder of the world are only beginning to 
be adopted and improved in the areas where large dams 
ha,·c made available low-cost power. The war has accel
erated the building of dams, caused over-building of 
certain mineral industric.s like-nluminum and magnesium, 
but only a ft·culc Lc.:ginning has been. made in the adapta
tion of hundreds of dcctrudu~mkal and clectrometallur
~rical tet hniqucs based .on mii1cral raw materials. l\'luch 
of the power i• now· developed and will soon be invit
ing new users. The duty of the Bureau of Mines i.s clear 
and it has organiz..:d within the last 7 years its electro
technical laboratory at Non·is, T enn.; electrometallurgical 
laboratory at Boulder City, Nev.; and its electrodevclop
ment laboratory at .'\Jb,UJy, Oreg., in the order named. It 
is part of the program to enlarge these laboratories and to 
work out the problems in adaptation of local conditions 
and loca..J raw materials ~o electrical techniques. These 
three centers are expected to collaborate with the other 
services of the Government in the building up of electro
chemica..! cmters like that at Niagara Falls. \Vhile the 
war has provided problems and funds for plenty of con
structive work these three centers >hould receive a regular 
peacetime appropriation to continue their work and help 
prevent another Muscle Shoals fiasco. Each laboratory 
can well use $500,000 per year for its regular work and 
spccia..J projects that demand separate appropriations for 
final proof should be thus separate!) funded. 

While the programing of work lik~ reclam~tion of 
water in streams for multipurpose use IS somethmg that 
can be spccificallr done, such a detailed program fo~ re
search is diflicult. Some of tl1c researches prove frUitless 
and the time to arrive at an endpoint is unpredictable. 
The objective is dcfiuitdr known and acknowledged to be 
desirable but the time table indefinite. What can be 
said is that the followin~ main projects will be followed 
continuousy: 

(I ) Ad;.1ptation of known electric tcchni~ues to Amer
ican raw materials, markets and transportatiOn, wherev~r 
an economic result is thought possible. Example: clectne 
melting of glass. 

. ( 2) Deve~op~ent of new products made uniquely pos
sible by apphcatwn of electrict power, like fused basalt. 

( 3) Development of metals and minerals available in 
abundance but not now utilized to the extent that they 
might, like titanium, zirconium, and other metals. The 
Bureau of Mines i.s already making a start on production 
of pure ductile titanium and zirconium. 

Low-cost power and mineral development 

The minera..J industries in the Colorado River Basin 
constitute one of the most obvious outlets for power gen
erated .at multiple-purpose dams. Some of these indus
tries are consumers of mechanical power for which or
dinary industrial rates can be paid, but the electro
chemical industries usua..Jly call for low-cost power, and 
commonly buy large blocks of power. Mining and proc
,essing centers using low-cost power build up communities 
and transportation. The communities increase demand 
for agricultural products of a greater variety than those 
that can be cultivated when there are fewer consumers 
near the farms. The need of attracting electrochemical 
industries in building up the area i.s so obvious that it needs 
no emphasis. The consideration that needs more atten
tion i.s the fact that to attract industries to isolated locali
ties the power must be priced attractively and rates should 
not be set at "all that the traffic will bear." 

The State of Arizona i.s the largest copper producer and 
yet makes no finished copper. Electrolytic refining of 
most of the copper takes place almost entirely on the At
lantic seaboard with the exception of a portion that i.s 
refined near El Paso, Tex. Copper does not require much 
electric energy in its preparation and higher cost power 
can be tolerated. However, fuel i.s not cheap in Arizona. 
There is only one electric smelter of copper in the world 
and it is located in Finland where electric heat is used in 
place of fuel. An economic study of the opportunity for 
electric smelting and electrolytic refining in Arizona seems 
justified. 

The metal magnesium requires a great deal of low-cost 
electric power for its preparation. The magnesium plant 
at Las Vegas, Nev., was erected hurriedly during the war 
and based on raw materials hundreds of miles north of the 
plant and with an expensive haul between mine and pl:mt. 
Sea water is probably the cheapest source of magnesmm 
oxide and magnesium chloride and is at present the most . 
popular source. However, the hills near_ Las Vegas have 
huge amounts of dolomite of good quality, whose mag
nesia content might well be extracted by a number of 
good processes in order to make the plant attr~ctivc for 
permanent use. Contiguity of mine and :eductwn .plant 
is of fundamenta..J economic importance m any mmcra..l 
industry. 

Aluminum, another heavy power consumer, has no! re-
ceived the same enthusiastic attention that magncsmm 
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TABLE CXXXV.-,-Data based on C.:. S. Bureau of ,\fines exploration of mineral deposits in the Colorado River drainage basin 

:.rineral ar~ Rrmarks 

County 1 State I · I 

Location I Cla"<ifi('lltion Ore 1

1 

'I' 1 llmporl"lt Mm-, \I -thO<! of I 
1 I of deposits reserves cnor 0 ore pou< nt> eiJ.>l.,m•wn 1 

~funrm~d•posits .• - ............ J

1 

....... -·--····· -- --- · -------~' (') I 1' 1 ; • • --- ----------'-- • -- · · - ~ · 
Artillery l'eak.. . ~luh&vc ......... Arlzollll ........ : ~duncntary ... Large.. ... Lo" graM ..... , :\llillgan.:-se . ----! Samphn~. drilling, 1 Re<Ct>e def><i'tt tmrn• 

I 1 Dllnmg. 1 tanr for future pro-
1 I ~mL 

Pata~vnia ...... ---.-- Santa.Cnu .......... do .......... Veins ........... , Ema11 ....... 

1 

.... do ................ do ............ , ~amphng,trench· I ldlt reserve d<po;its. 

Psrkr.- ............. 1 Yuma ........... , ..... do .......... R~plar•m•nt ~, ..... do ...... Medium grade.J ... dn ............ s:rn~;~~~:';;.~g., !Jo. 
Tomwtone di,tril\. CochiSe .............. do .......... \'eins replaro- ..... do ...... , Low grade ...... :. .... do ............ ! Samplmg,drilling, 

1 
I>o. I ruent. : 1 milung. 1 

Pmhin• mine ..... i SaguachL ...... 1 Colorado........ \'ein .... _____ ....... do ..... :, ..... do .......... : ..... do ............ f ..... do. -----------1 Do. 
'I oree .t.:id.s ........ 

1

1 Clark ........... , Ne,· .. da ......... Replacement ... , Large ....... J ..... uo .......... 

1

' ..... do ............ 

1 

...... <io ............ 

1 

L~;u::Jr;,~~~:. 

nteal and opera~wual 
!a<1o•s. 

Boul.dcr City ........... do ............... do ................ do .......... Large ....... Extra low grade.

1 

..... do •. : ......... l ..... do ............ Gra.le too low for con-

1

1 siderl:'uon ~ a source 
of man•anese. 

\'lrgjn Ri~er ............ do ............... do ............... do .......... Medium .... Low grade ..... _., ..... do ............ 
1 
Sarnplin~. drilling, Idle r~n·e df·posits. 

I · trtn•,htng. 

lrl~~~?~~~~f-~~~: -:~::~:::::: -~S:?::::::, -~:~~;~:t:j ~:~~::::::11 ~:id!;i:~~e::~:~~~~~:::::::::::::l-::-~~:-:.:~~~~~:llldle resene deposit. 

'\~ll•;kr-~i"n••t • I II ' . i ~tug dnllw~ .. 
• < : • ....... 'iuma ................ do ............... do .......... bmall ....... :l.Iedtum grade ....... do ............ i camphn~.drillwg., Do. 
Iron_ Mountain lrOL ............ Utah ............ Contqet meta-l Large ............ do ......... :l ..... do ............ 

1 

Samplin. g.-· roa_g. 1 ProducerofHit.llffltonB 
<listntt (the ma- , morpbic. new-meter, drill- or ore per ruontb !or 
Jvrttr of tlus dts· , ing, mmwg. Colora.io Fuel· and 
tri(·t is outside I : . . Ir.on, liene,·a Stetl, 
tte Colo. lll!Sin I Columbia Stet! and 
area). se~eral small stt<:l 

I 1 rir.;.:•rat ions. 

!J§fE;;~~ .~~::=~=::: ·~:=:::::::~.:~······~1;~~· : .•••. ~ :.· :::::::••• :; .... : .,~ :~~~~~-:~~::::1 Iille E~m deposit. 

Zonia mille ........ Ya-rapal ........ Arizona ......... Disseminated •• ~ Medium .... Low grade ...... , CopiJ(.: ........... Saln!)lmg. trench- Do. . I ~']g, drilling. 
Old Reliable ....... Pinal ................ do .......... Br(!('Cia Pipe ........ do .... :._ ... do ............... do ............ l S:ill.plrng, nnmng Do 
Ara~aip& .......... Graham .............. do .......... Veins, contact Small ....... Ml>dtum grade, Lead, tine, copper. s.rn.plwg,drillinl:, Small producer. 

Reward Zinc ...... Pinal ................ do .......... R~t:Um~~-~~:. 1 .... do ...... M~~~.ide .. Zinc . _ ......... s.:~/:i. drilling Idle resem deposit 
·'margosa .......... Pima ................ do .......... lll'l'ccia Pipe .... , ..... do ...... Low grade ...... Mol) bdenwn cop- I Saroplmg......... Do. 

Cbristme.s Copper. Gila .................. do .......... Disseminated ........ do ........... do: ......... (';~-----------, Sampling, drilling, Prodnl'<'!' of 1.700 tona 1 lllllllllg. ~~e ~"::rh~wJng 
san Manuel.. ..... · Pinal ................ do ......... Disseminated ... Extra large ....... do ............... do ............ Sampling, drilling. v~ ~rnL=. 

ered and explored by 
the Bureau of Mines. 

Big Four .......... Summit ......... Colorado ........ Vein .......... .. Small ...... ., Medium l!l'ade, Zinc, lead ......... Sampliug,drilling, Small producer. 

Colorado Copper .. Montrose ............ do .......... Disseminated ........ do ...... ---~~~o~~~------ Copper ........... ~'::'~i. mirting. 
Marni'Sium mmerals. (') ...................................... --------------------
T~~'::rn magne- -Orand":::::::::: ·ui.iii~::::::::::: -~iiDeiiUii-Y:::: Large ....... Bi~b grade..... Magnesium polli&I Sampling, drilling.! l~~~hf~~ 

Mis<:.;llalleous metal and mineral de- .................................................... .. ('} .................. --------------------1 ...... ··-------·------1 
positll 

Ashest.oiS ......... .. OUa ............. Arizona ......... Repl&<'Cment.. •• 
1 

Small ...... High graite.. .... Asbestos .......... Sampling, mirting. Limited prO'lucer of 
"""llent qWlltiy as· 
bestos. 

Great Ee.stem ..... Clark ........... Nevada ......... M~tamorphie Medium .... Extra low grade :Sick~!.. ............... do ............ Grade of ore below 
rep~ment. ~~~sting pos:;ibili· 

Vanaoiium area of t'tah and Colo- n J·~m t d "· edium ~ad·.. , •••.• ~'um, urani· Saxnrl_ina, driJlina,, Larcest. proda_eer of 

and !OOUIItW!'Slem rado. · l'nited Stall'S. 

sourh...,1ctll ~tab .............. ... •••I' -~ en· •. , ..... o ...... '"' ,. ' I ~""" nnnui. •

1 

~anadtum m too 

Colorado. I I 
: Sm!lll equals 1 to lOil,I.KJO tons: medium tquals 100,000 to t.ooo,ooo tons; Jar~t tquals 1,000,000 to 10.000.000 tons: extra large equals IO.m(l.OOO tons plus. 
~lira lo" IO'ude equ•ls I to 5 pereent mruwai11-se; low ~a<le equals S to 20 (ll'reem msngane"<!: m•>dium grade equals ~1 to 40 percent manganese. ! ~ntalle<lWlls Ito l,tiOU,OOO tons: mt•dium equals I,O,.l.tAlO to IU.I'IU.OOO tons; lar~e eqllllls W,UUO,(I(~ to IOO,tOJ,OOO tona • 
. .o"· ~rade <'<tuals 40 to 50 pt·re.nt iron; nwd•um 1!1'~~<lt• equals .'iO to 60 (ll'roent Iron. 

1 ~r.tall ••quais I to lfiO.IlJO ton•: ml'tlium t'<juals JUO,OOO to .500,000 tons: lar~re equals 500,()u(l to 5,000,000 tom; •xtralarge equals 5,000,000 tons plus. 
1 L..,-Re e<rusl• HIO,ilOO ton, plus. 
1 Sm•ll ('<jUBIS I to IU,WO toDli; mNiium equals 10,000 to 50,000 tons. 

has in the Colorado Ri\'er Basin. The standard raw 
material does not occur in the basin and bauxite, if shipped 
from the north coast of South America through the Pan
ama Canal would probably ha\'e to be converted into 
alumina, ready for reduction, at Los Angeles, as 
bauxite is treated in traru;it at Mobile, Ala., befor~ senJing 
the aluminum oxide up the railroad to the lowest cost 
power area. Cost of power is doubled by transmitting it 
from the power ~lations to Los Angeles and a pound of 

aluminum calls for about 10 kilowatt-hours in its produc
tion. Up to the present time alumina has had to tranl to 
the low-cost power area for reduction. 

Silicon, ferrosilicon, and silicon carbide require low-cost 
power, quartzite and low ash coke. In normal times all 
of the production'is carried on at low power cost electro
chemical centers where raw materials are nearby. These 
specifications can be met in the basin. Another consider
ation in connection with ferrosilicon is the fact that much 
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of the ferrosilicon produced is an intermediate product, 
used in the same plants for reducing other ores to produce 
low-carbon metals, alloys and ferroalloys. In this respect 
ferrosilicon in certain metallurgical industries is like sul
phuric acid in the chemical industry,. a key intermediate. 

Manganese ores, generally of low grade, occur in several 
localities in Nevada, Arizona, and California and the 
Boulder City station of the Bureau of Mines has operated 
a pilot electrolytic manganese plant for several years, de
,eJoping the fine points in technique of operation. Part 
of the manganese went to the mint for production of the 
new 5-rent pieces, designed to conserve nickel. The 
wn,tindcr has gone largely into tonnage tests of electro
lytic mJngauesc for the production of a number of low
carbon manganese alloys that show promise of large scale 
Jcmaml. As the scale of operation is increased the cost 
of produdion goes down and it should not be long before 
a commercial operation may be justified. The Three 
Kids manganese deposit near Las Vegas, Nev., is not far 
from the Basic Magnesium Co. magnesium plant where 
the necessary electrolytic equipment exists and only the 
tankage required by a manganese plant peed be added. 
The magnesium plant is too large for normal peacetime 
demands and part of it might well be converted into a 
manganese plant. · 

Manganese ores and chromite ores can also be electri
cally smelted into the corresponding ferroalloys. Chro
mite occurs in many areas of California. Ferromanga
nese is required in the production of steel and finds a 
market in Los Angeles, San Francisco, and the other steel 
centers of the Southwest. Ferrochromium is needed in 
the chrome steels and chrome irons also made in the same 
areas. Electrolytic chromium is under development by 
the Bureau of Mines at Boulder City, Nev., and may well 
meet .the need for a low carbon metal in production of 
su'h Items as stainless steel. 
. These are only prominent examples of electrochemical 
mdustries that can be developed first of all for local needs 
and that later may reach more distant markets. 

OFFICE OF INDIAN AFFAIRS 

Indian Projects in the Colorad~ River Basin 

tJ ndoubtedly the oldest as well as the most extensive of 
the prehistoric Indian agriculture on the North American 
f(~ntinent took place within the basin of the Colorado 
Rtvcr. There is ample evidence to show that many hun
~lreds of years ago the Indians were builders of Rubstantial 
llTtg;~tion projects covering large acreages of land served 
by\\ tdc and numerous canals. The first recorded observa
tions or hi~torical accounts were those made by the Span-
1~•tlls who ventured into this basin as early as the middle of 
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the sixteenth century. The records of these explorers are 
replete with descriptions of Indian irrigation enterprises lo
cated at various places within the range of their travels, but 
the most imposing accounts were those concerning the ac
tivities of the Pimas along the Gila River and its tribu
taries. Elsewhere, however, througho1:1t this whole gen
eral territory various Indians made efforts toward obtain
ing at least a part of their subsistence from "what they 
planted." With the coming of the whites and the subse
quent confinement to reservations their earlier methods 
and customs have changed but through the assistance of 
the government their present agricultural activities have 
become considerably enlarged and modern methods are 
being adopted. 

Within the Colorado River Basin, as defined in the 
text of this report, are 29 Indian reservations, 1 nonreser
vation Indian school, and 2 sanatoria. The Indian 
land totals 26,823,062 acres, of which 1,271,117 acres 
are in trust allotments, 24,557,040 acres in tribal owner
ship and 994,905 acres in Government ownership. The 
combined Indian population of the area totals more than 
80,000, the majority of whom are full-bloods. The larg
est single group is the Navajos in Arizona and New 
Mexico, who total more than 50,000, practically all of 
whom are full-bloods. 

These IndianS and their resources in land and water 
rights are the special concern of the Federal Government. 
The Federal responsibility is specifically set out in various 
treaties, statutes, and agreements under which definite 
legal rights have been vested in individuals and tribes. 
There are also certain moral obligations of the Govern
ment to these Indians because of its disregard of their legal 
rights over a long period. These rights and obligations 
were recognized by the Colorado River Compact Commi~
sion as evidenced by article VII of the compact which 
reads as follows: "Nothing in this compact shall be con
strued as affecting the obligations of the United States of 
America to Indian Tribes." One of the Government's 
objectives in the development of the basin must be not 
only the protection of the Indian's purely legal rights 
but the discharge of its moral obligations as well. 

With few exceptions the Indians within the Colorado 
River Basin exist on a much lower than a\·erage standard 
of living. The Federal Government is obligated to pro
vide them with resources sufficient to enable them to at
tain economic independence at a level comparable with 
other citizens of the area. In some instances the full de
velopment of the Indian's present resources in land and 
water will accomplish this result. In other cases some 
additional resources muRt be acquired. Only after their 
economic independence at a reasonable level is attained 
can these Indians be expected to become integrated with 
the social, economic, and political life of the Nation. The 
guidance, protection, and assistance necessary to attain 
this end are Federal responsibilities. 
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In cam·ing out its ohligation to establish these Indians 
on a fim 'economic base the first step of the Government 
should be to develop fully their present resources and edu
cate them in the utilization and protection thereof. l\fany 
Ind1ans are now in the armed services and many more are 
engaged in war work. This will undoubtedly resul: in 
an increasing number of Indians lea,·ing the reservatwns 
permanently to engage in industry. The great majority, 
howerer, will continue to rely upon reservation resources 
for a livelihood. It is, therefore, urgent that all feasible 
Indian irrigation projects be de,·eloped fully at an early 
date. The need for this is so acute that unless detailed 
plans can be developed and construction work started im
mediately, conditions on most of the reservations 
will be such as to require the expenditure of large sums 
for relief or "made" work. This alternative must be 
:n·oided. 

Tentative plans have been prepared over the past sev
nal years by the Irrigation Division of the Office of In
dian Affairs for the development of all potentially 
inig-able Indian lands. Additional detail surveys and 
studies are required in connection with many of the proj
ects heforc the ultimate areas can be defined definitely 
and adeqLtate facilities designed. As the development of 
the Indian projects will have a material bearing on plans 
for the development of the ba~in as a \\hole they should 
be given an early priority when funds and manpower 
become available. The total area in Indian projects 
within the basin now supplied with irrigation facilities is 
262,290 acres and plans contemplate expanding this area 
to 5C6,-HO acres. The present average annual diversion 
is 1,034,308 acre-feet and the average annual diversion 
requirement for the ultimate area is 2,845,420 acre-feet. 
The areas and water usc by States including non-Indian 
land within Indian irrigation projects are as follows: 

ARIZONA 

Within the Colorado River Basin in Arizona are 19 
Indian projects containing a total of 148,070 acres now 
supplied with irrigation facilities. The ultimate irrigable 
area of these projects is cstima ted at about 291 ,055 acres 
making an increa~c of 142,985 acres for the State. The 
present diversion duty is approximately 610,4 70 acre-feet 
annually and the annual diversion requirement for the 
ultimate area is estimated at 1,671,342 acre-feet. The 
indi,·idual projects are described as folio\' s: 

Ak Chin.-This small project is located on the Mari
cop~ Reservation n{'ar the town of Maricopa. The pop
ulation of the reservation is 284 persons, mm;t of \1·hom 
are full-Llood Marieopas. The reservation was e~tab
lished by Executive order of 1\lay 2fl, 1912. The water 
supply is secured from four wells equipped with electrically 
?perated turbine pumps, installed in 1915. Approx
Imately J ,500 acre-feet is pumped annually, and it is 
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estimated that when the irrigated area, which is divided 
into small subsistence garden tracts, is cultivated more 
intensively the annual water requirement will increase to 
about 2,680 acre-feet. The distribution system consists 

·of 10 miles of ditches and 2,600 feet of 16-inch concrete 
pipe. The irrigable area is 670 acres and present plans 
do not contemplate any material expansion on account 
of the relatively high cost of pumping. 

Camp Verde.-This small project is located on the 
Camp Verde Reserve in central Arizona, the total area 
of which is 458 acres. The Indian population is 453. 
Water is secured by direct diversion from the Verde River. 
The present irrigable area is 170 acres, and it is planned 
to expand it to approximately 425 acres. The present 
annual diversion is 950 acre-feet and the average annual 
diversion requirement for the total area of 425 acres is 
estimated at 2,337 acre-feet. 

Chiu Chiu.-This small project is located on the 
Papago Reser\'ation approximately 9 miles south of 
Casa Grande. The water supply is secured from two 
wells equipped with electrically operated turbine pumps 
installed in 1915. Approximately 615 acres are now 
being irrigated and present plans contemplate increas
ing the area to about 700 acres. The present pumping 
amounts to 1,550 acre-feet annually and the estimated 
average annual requirement for the ultimate area is 2,800 
acre-feet. The estimated cost to complete the project i<; 
$5,000. 

Cocopah.-This small project is located about 18 
miles south of Yuma where approximately 530 acres were 
set aside by Executive order of September 27, 1917. 
Water is secured from the Yuma project of the Bureau of 
Reclamation through a lateral of about 100 l'econd-feet 
capacity. The present annual water use is about 600 
acre-feet and the estimated annual requirement for the 
ultimate irri(Table area of 425 acre~ is 2,550 acre-feet. 
The estimat~J cost of completing the project is $5,000. 

Colorado Rh·er.-This project is located on the Colo
rado Rh·er Reservation which was established by the act 
of :March 4, 1865 ( 13 Stat. 559). It wa~ on thisresen·a
tion that the Federal Go,·ermnent made it$ first attempt 
to reclaim arid lands. The act of "t.farch 2, 1867 ( 14 
Stat. 514), appropriated $50,000 for beginning construc
tion of an irrigation canal from the Colorado River. 
Water was first turned into this canal on July 4, 1870, but 
due to {,mit~· design and construction of the headgate and 
to the unusually high stage of the ri\"er the canal was de
strowd for a considerable distance bdow the intake struc
tur~. Several attempts to reconstruct the canal and head
ing were made and it was actually used during 1871 when 
the sta"'c of the ri,·er wa$ such as to allow the dh·ersion 
of wat:r. On account of the great variation in the flow 
of the river, however, attt'mpts to irrigate these l.mds by 
gravity diversion were discontinut'd and a pumping plant 
was installed in 1898. This pl.mt was sub~equt'ntly en-
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of the ferrosilicon produced is an intermediate product, 
used in the same plants for reducing other ores to produce 
low-carbon metals, alloys and ferroalloys. In this respect 
ferrosilicon in certain metallurgical industries is like sul
phuric acid in the chemical industry,. a key intermediate. 

.Manganese ores, generally of low grade, occur in several 
localities in Nevada, Arizona, and California and the 
Boulder City station of the Bureau of Mines has operated 
a pilot electrolytic manganese plant for several years, de
veloping the fine points in technique of operation. Part 
of the manganese went to the mint for production of the · 
new S-cent pieces, designed to conserve nickel. The 
remainder has gone largely into tonnage tests of electro
lytic manganese for the production of a number of low
carbon manganese alloys that show promise of large scale 
demand. As the scale of operation is increased the cost 
of production goes down and it should not be long before 
a commercial operation may be justified. The Three 
Kids manganese deposit near Las Vegas, Nev., ,is not far 
from the Basic Magnesium Co. magnesium plant where 
the necessary electrolytic equipment exists and only the 
tankage required by a manganese plant peed be added. 
The magnesium plant is too large for normal peacetime 
demands and part of it might well be converted into a 
manganese plant. · 

Manganese ores and chromite ores can also be electri
cally smelted into the corresponding ferroalloys. Chro
mite occurs in many areas of California. Ferromanga
nese is required in the production of steel and finds a 
market in Los Angeles, San Francisco, and the other steel 
centers of the Southwest. Ferrochromium is needed in 
the chrome steels and chrome irons also made in the same 
areas. Electrolytic chromium is under development by 
the Bureau of Mines at Boulder City, Nev., and may well 
met"t the need for a low carbon metal in production of 
such items as stainless steel. 

These are only prominent examples of electrochemical 
industries that can be developed first of all for local needs 
and that later may reach more distant markets. 

OFFICE OF INDIAN AFFAIRS 

Indian Projects in the Colorado River Basin 

Undoubtedly the oldest as well a~ the most extensive of 
the prchi~toric Indian agriculture on the North American 
continent took place within the ba~in of the Colorado 
River. There is ample evidence to show that many hun
dreds of years ago the Indians were builders of substantial 
irrigation projects covering large acreages of land served 
by wide and numerous canals. The first recorded observa
tions or hi~torical accounts were those made by the Span
i;mL; who ventured into this basin as early as the middle of 
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the sixteenth century. The records of these explorers are 
replete with descriptions of Indian irrigation enterprises lo
cated at various places within the range of their travels, but 
the most imposing accounts were those concerning the ac
tivities of the Pimas along the Gila River and its tribu
taries. Elsewhere, however, througho1,1t this whole gen· 
eral territory various Indians made efforts toward obtain
ing at least a part of their subsistence from "what they 
planted." With the coming of the whites and the subse
quent confinement to resel'\·ations their earlier methods 
and customs have changed but through the assistance of 
the government their present agricultural activities have 
become considerably enlarged and modem methods are 
being adopted. 

Within the Colorado River Basin, as defined in the 
text of this report, are 29 Indian reservations, 1 nonreser
vation Indian school, and 2 sanatoria. The Indian 
land totals 26,823,062 acres, of which 1,271,117 acres 
are in trust allotments, 24,557,040 acres in tribal owner
ship and 994,905 acres in Government ownership. The 
combined Indian population of the area totals more than 
80,000, the majority of whom are full-bloods. The larg
est single group is the Navajos in Arizona and New 
Mexico, who total more than 50,000, practically all of 
whom are full-bloods. 

These Indians and their resources in land and water 
rights are the special concern of the Federal Government. 
The Federal responsibility is specifically set out in various 
treaties, statutes, and agreements under which definite 
legal rights have been vested in individuals and tribes. 
There are also certain moral obligations of the Govern
ment to these Indians because of its disregard of their legal 
rights over a long period. These rights and obligations 
were recognized by the Colorado River Compact Commis
sion as evidenced by article VII of the compact which 
reads as follows: "Nothing in this compact shall be con
strued as affecting the obligations of the United States of 
America to Indian Tribes." One of the Government's 
objectives in the development of the basin must be not 
only the protection of the Indian's purely legal rights 
but the discharge of its moral obligations as well. 

With few exceptions the Indians within the Colorado 
River Basin exist on a much lower than average standard 
of living. The Federal Govermnent is obligated to pro
vide them with resources sufficient to enable them to at· 
tain economic independence at a level comparable with 
other citizens of the area. In some instances the full de
velopment of the Indian's present resources in land and 
water will accomplish this result. In other cases some 
additional resources mu~t be acquired. Only after their 
economic independence at a reasonable level is attained 
can these Indians be expected to become integrated with 
the social, economic, and political life of the Nation. The 
guidance, protection, and a.'\Sistance necessary to attain 
this t'nd are Federal responsibilitit'S. 
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ent annual diven.ion is about 3,300 acre-feet and the an
nual diversion requirement for the ultimar irrigable area 
is tstimated at 3,650 acre-feet. 

Jlaz·a.wpai.-Th.is small project lies iJ1 Supai Canyon 
near the western terminus of the Grand~' Jtyon. A total 
of 175 acres is being irrigated and it is e ·pected the area 
".·ill be expanded to a total of 200 acres. \~' ater is secured 
frl)m springs and the present diversion is bout 1,050 acre
feet .mnually. The annual diversio rqquirement for 
the uli:imate area is estimated at 1,200 awffeet. 

duulapai.-This small project i~ }o(·atfd on the Hua
lapai Reservation. At present 40 acres

1 
.ire being irrigated 

and it is planned to extend irrigation facilities to an addi
tionall30 acres, making 170 acres in all. Water is secured 
by direct diversion from Big Sandy Creek, a minor tribu
tary of the Colorado River. The present diversion is about 
200 acre-feet annually and the annual diversion require-

/
r:lcnt for the ultimate area is estimated at 1,020 acre-feet. 

Kr!ibub.-This small project is on the Kaibab Reserva
,: • .,;:1. At present 40 acres are being irrigated from a 
~pring. The annual di\'ersion is estimated at 160 acre
feet and no expa11.~ion of the irrigable area or annual diver
$ion is contemplated. 

.\',wajo.-On the Navajo ResetTation within the State 
nf Arizona are about 45 small irrigation de,·elopments 
aggregating 13,740 acr~. Twenty of these units totaling 
about 5,000 acres lie within the Little f:olorado River 
watershed and 25 units with an area of about 8,740 acres 
are within the SanJuan River Basin. It is planned to pro
\ide irrigation facilities for an additional 31,530 acres 
"hich will make the ultimate irrigable area within Arizona 
approximately 45,270 acres, about 23.265 acres of which 
will be in the Little Colorado River watershed and 22,005 
acres in the San Juan watershed. The water supply is se
cured by direct diversion from misccll.meous streams and 
the present annual di\'ersion is estimated at 68,700 
acre-feet, of which 25,000 acre-feet is from tribu
taries of the Little Colorado River and 43,700 acre
feet from tributaries of the San Juan. The average 
annual diversion requirement for the ultimate area is 
~timated at 226,350 acre-feet of which 116,325 acre-feet 
will be from the Little Colorado Ri,·er watershed and 
110.025 acre-feet from the San Juan watershed. 

Salt River.-This project i'l located on the Salt River 
Reservation which was set asidl' for u~e· of Indians bv the 
Act of F cbruary 28, 1859 ( 11 Stat. 401 ) , and Exec~tive 
order of June 14, 1879. The present irrigation project 
was started by the Indian~ in 1871 and has been improved 
:-~N! extended from time to time until at present the irri
gahle area is 9,800 acres. An additional 200 acres will 
be brought under the canal :o;vstem within a short time 
m.~king a total project area (;f J 0,000 acres. Water ~ 
secure? through the ran.tl system of .the Salt Ri\'er proj
ect bUilt by the Burr.au of Redamat ion. Ddivcrv of 17.5 
~econd-fect constant flow is made through the ·Arizona 
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Canal to lands lying north of the Salt River and 8. 7 5 sec
ond-feet through the Utah Canal for lands in the Lehi 
district. In addition to this normal flow water the In
dians are entitled to 20 percent of the storable water in the 
reservoir created by Bartlett Dam on the Verde River in 
accordance with a contract between the Office of Indian 
Affairs and the Salt River Valley Water Users' Associa
tion, dated June 21, 1935. This amounts to an average 
of approximately 20,000 acre-feet annually. The present 
diversion averages 39,200 acre-feet annually and the an
nual diversion for the ultimate area will average 40,000 
acre-feet. 

San Carlos project.-The San Carlos Indian irrigation 
project was authorized by the act of June i, 1924: ( 43 Stat. 
4 7 5-4 7 6), commonly known as the San Carlos Act. This 
act authorized th6' construction of the Coolidge storage 
dam on the Gila River and the merger, in whole or in 
part, of the 62,000-acre Florence Casa Grande project 
with the San Carlos project. The Coolidge Dam was 
completed in 1928. This dam creates the San Carlos 
Reservoir which has a capacity of 1,285,000 acre-feet. 
Water is diverted from the Gila River at the • .\shurst-Hay
den Dam above Florence and at the Sacaton Dam near 
Sacaton. In addition to the gravity supply the project 
operates about 85 turbine pumps which pro\'ide adequate 
drainage and augments the water supply for irrigation. 

The project contains a total of 100,000 acres of which 
50,000 acres are Indian lands within the Gila River Res
ervation and 50,000 acres of privately owned lands in the 
Florence-Casa Grande Valley. Water rights for the proj
ect lands were defined in a Federal district court decree 
entitled "Glove Equity No. 59" entered June 29, 1935. 
This decree known as the Gila River decree provides a 
water right with immemorial priority for 35,000 acres of 
Indian lands within the San Carlos project; a water right 
for 1,000 acres in the San Carlos Reservation with a pri
ority second only to that of the 35,000 acres of Pin1a 
lands; water rights with varying priorities from 1868 to 
1921 between privately owned lands in tl1e San Carlos 
project and lands in the upper Gila Valley; and a right 
with a priority of not later than June 7, 1924, to the San 
Carlos projed to store 1,285.000 acre-feet in the San 
Carlos Rcscr\'oir at all times. 

The present a\'erage annual diversion for the project 
lands is .tbout 370,000 acre-feet which has been the aver
age flow available during the past sc,·eral years. It is 
planned to secure a supplemental supply of about 230,000 
acre-feet annually through tl1e construction of the pro
posed Buttes Dam on the Gila Rh·er to store flood flows 
of the San Pedro River and partly from the Colorado 
River through facilities proposed to bring Colorado River 
water into the central valleys of Arizona. This will re
sult in a total annual di' ersion of 600,000 acre-feet of 
which 450,000 acre-feet will be from the Gila Rh·er 
water'Shed and 150,000 acre-feet from the Colorado River. 
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Iarged to a capacity of 125 second-feet and has 
now been replaced with permanent diversion facilities. 

The irrigable area extends about 45 miles north and 
south from near Parker to a point near the old town of 
Ehrenberg. The water supply is secured by direct diver
sion from the Colorado River at the Headgate Rock 
diversion dam. This is one of the major Indian projects 
in the Colorado River Ba~in and the first major project 
downstream from Boulder Dam. 

The project is designed and is being constructed to irri
g:~te I 00,000 acres. The Headgate Rock Dam together 
with about 17 miles of the main canal and about the 
same length of the main drainage canal have been com
pleted at a cost of about $8,000,000. Construction work 
was suspended at the beginning of the war with the ex
ception of extending facilities to seiVe some 3,000 acres 
within the Poston relocation center of the War Reloca
tion Authority. The present area supplied with distribu
tion facilities is approximately 9,400 acres. Detail plans 
for extending the irrigation and drainage facilities includ
ing the construction of a small hydroelectric generating 
plant at a drop in the main canal, are complete. The 
estimated cost to complete the project for the ultimate 
area of 100,000 acres is $12,425,000. The present aver
age annual diversion is approximately 56,400 acre-feet 
and the estimated annual diversion requirement for the 
ultimate area is 600,000 acre-feet. 

The early completion of this project will assist materially 
with the rehabilitation of fhe Indians within the Colorado 
Rh·er Basin. Plans for the utilization of the area by In
dians are being made in accordance with the act of March 
4, 1865, which established the reservation for the Indians 
of the Colorado River and its tributaries. The comple
tion of the project for the total irrigable area of 100,000 
acres should be given a high priority when materials and 
manpower become available in the postwar period. 

Fort Apache.-This project consists of several small 
units on the Fort Apache Reservation. Water is secured 
by direct diversion from White and Black Rivers and vari
ous tributary creeks. The area now being served is ap
proximately 2,000 acres, and it is planned to extend 
i~rigati<m facilities to an additional 4,000 acrcSp making 
G,OO() acres in all. The present annual diversion amounts 
to about 10,000 acre-feet and the estimated diversion re
quirement for the ultimate area is 30,000 acre-feet. The 
estimated cost to complete the developments is $4 7 ,000. 

Fort Afoj1we.-This small project is located on the Fort 
:\ loj:1ve Reservation across the Colorado River from 
1'\cedlcs, Calif. The present project consists of 20 acres, 
v. hid1 are irrigated by pumping. TI1ere is a total area of 
approximately 9,000 acres of Indian land lying along the 
Colorado River which will be susceptible of irrigation by 
pumping when low-cost power is available and the river 
bet:omes stabilized after completion of Davis Dam. This 
area would be particularly valuable for the production of 
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pure seed at it is isolated from other agricultural areas. 
The present average diversion is 100 acre-feet and the 
average annual diversion for the ultimate area is esti
mated at 54,000 acre-feet. 

Fort .McDoweU.-This small project is on the Fort 
McDowell Reservation north of Phoenix. The water 
supply is secured by direct diversion from the Verde 
River. The present area is 600 acres and it is contem
plated to increase it to 1,400 acres through extension of 
the canal and lateral systems at an estimated cost of 
$16,000. The pre~nt annual diversion amounts to ap
proximately 3,600 acre-feet and the annual diversion re
quirement for th'e ultimate area is estimated at 8,400 
acre-£ eet. 1. · · 

Gila Bend.-A~ one time the Indians of the Gila Bend 
ReseiVation were irrigating a small area adjacent to the 
Gillespie project. These Indians are now mostly in the 
armed seiVices or engaged in war work and the irrigated 
area is not used temporarily. There are 400 acres, how
ever, which these Indians can reasonably be expected to 
utilize eventually. The water supply will be secured from 
the Gila River and the annual diversion is estimated at 
2,400 acre-feet. The estimated cost of the development is 
$40,000. 

Gila River.-lrrigation was practiced on the reserva
tion by the Pima Indians in prehistoric times. The first 
historical record probably comes from the visit of Fra 
Marcus De Niza in 1539, who found a successful agricul
tural community of Pima Indians along the Gila Rh·er. 
Most of the irrigable lands within the reseiVation are in
cluded in the San Carlos project which is described sepa
rately, but approximately 7,400 acres outside the Sar, 
Carlos project are being irrigated by Indians. This area 
is in small scattered tracts, the largest of which is the 
1 ,080-acre Maricopa unit near the confluence of the Gila 
and Salt Rivers. Water for these scattered units is secured 
both by gravity diversion from the Gila and Salt Rivers 
and by pumping. 

The total pre.~ent irrigable area in these units is 7,400 
acres, and it is planned to extend irrigation facilities to an 
additional 5,525 acres making 12,925 acres in all. The 
present annual diversion is approximately 37,320 acre
feet and the annual diversion requirement for the ultimate 
area is estimated at 77,955 acre-feet. The estimated cost 
of providing irrigation facilities for this additional area is 
$250,000. This additional development of Indian lands 
outside the San Carlos project will depend upon securing 
a supplemental water supply through the proposed deliv
ery of Colorado Ri\'er water to central Arizona. 

llopi.-Within the Hopi Resen·ation are eight small 
irrigation developments and several small garden tracts 
aggregating about 660 acres. It is planned to extend 
irrigation facilities to an additional 70 acres making 730 
acres in all. Water is secured from miscellaneous small 
streams tributary to the Little Colorado River. The pres-
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$160,000 will be charged to the approximately 3,800 ~c.res 
on non-Indian land which will be benefitted. In addition 
it is proposed to in~tall a concrete pipe-distributing system 
for the Indian lands at an estimated cost of about $65,000. 

Nt:w l\f£x1co 

Within the Colorado River Bru,in in New Mexico are 
five Inc!i:ln pro jccts aggregating 19,000 acres now supplied 
with irrigation facilities. It is proposed to increase this 
area to 133,000 acres. The present average annual di
\'ersiun is 93,()00 acre-feet and the average annual diver
sil;n rcq11ircment for the ultimate area is estimated at 
655,00!) acre-ftet. The five projects are dc~cribed as 
follows: 

jicarilla.-On the Jicarilla Reservation 800 acres are 
now bring irrigated and plans contemplate increasing this 
area to 5,000 acres. The water supply is secured from 
Lajara and Dulce Creeks. The present average annual 
di\'e~ion is 4,000 acre-feet and the average annual diver
sion requirement for the ultimate area is 25,000 acre-feet. 
The estimated cost of providing irrigation facilities for the 
aJditional area is $250,000. 

Monument Rocks.-Within the Na,·ajo Reservation 
north of the San Juan River is a reasonably compact area 
uf potentially irrigable land which is included in the pro
posed development of the Anima'I-LaPlata project by the 
13ureau of Redamation. This potentially irrigable area 
totals 25,500 acres. It is estin1ated that the average an
nual diversion requirement would amount to 127,500 
acre-feet. Detail surveys are required in order to define 
the area and prepare cost estimates. The cost of such 
surveys is estimated at $10,000. 

.Vavajo.~Within the Navajo Reservation in New 
Mexico are about 30 small irrigation de,·elopments and 
several additional small projects are proposed for develop
ment. The prCiient irrigated area agg-regates 12,000 acres 
and the propo5ed additional development~ total 10,500 
acres making a total aggregate area of 22,500 acres. The 
water supply is secured from the San Juan River and 
numerous miscellaneous streams tributary to the San Juan 
River. The present average annual di\·cn-ion is 60,000 
acre-ftet and the a\·erage annual di\'ersion requirement 
for the ultimate irrigablc area is estimated at 112,500 
acre-feet. The dewlopment cust of these ~mall projects in
cluding wbjugating the hnd is estimated at about $2,000,-
000. Althuugh additional sur"eys arc required to 
dcfme the areas and prepare accurate ro~t e~timates, the 
cost of such additional studies will be approximately 
$10,000. 

Shiprock.-Within the :\'a,·ajo Resm atiun in the ,·icin
ity of ~~iproLk is a c.c,mpact area of rea~onably go<,J land 
romprNng 70,000 acre~. In igatiDil nf thi~ area would 
require the fl•nstrUl tion of .1 ~t(lr,l.!it' n·scn·oir on the San 
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Juan River together with a canal and lateral system. The 
Bureau of Reclamation has studied the possibility of con
structing a storage dam on the San Juan River near the 
Colorado-New Mexico State line to form a 125,000 acre
foot reservoir, a diversion dam near Blanco, and a gravity 
conduit extending about 75 miles to the land. A pump
ing lift of about 100 feet would be required to irrigate 
part of the area which lies above the conduit location. 
The average annual diversion requirement for this proj
ect regardless of the plan adopted would be approximately 
350,000 acre-feet. The estimated cost of the develop
mentis $21,000,000 or about $300 per acre. 

St:M!IIARY-NAVAJO v 
The need for the full and early de,·elopment of all 

feasible irrigation projects on the Navajo Reservation is 
acute. Within the Navajo Reservation in Arizona and 
New Mexico there are approximately 30,000 acres now 
provided with irrigation facilities. Some_ of the many 
s~parate d_erelopments are merely floodwater projects and 
are of little value during years of extren1edrought. ~ddi

ifonal storage is required to pro\ide a dependable water 
s~pply. Additional subjugation work also needs to be 
done in order to conserve water and make it possible for 
the Indians to carry on farming operations. With the full 
development of all feasible irrigation units on the Navajo 
Reservation in Arizona and New Mexico including the 
:Monument Rocks area, the Shiprock area, and the mis
cellaneous small projects there would be a total of ap
proximately 135,000 to 150,000 acres of irrigable land 
available for use by these Indians. The estimated cost of 1 

the new developments including the subjugation of land / 
is $27,000,00J or an average of about $260 per acre for. 
the new acreage. 

Living on and adjacent to the resen·ation are approxi
mately 52,000 Navajo Indians practically all of whom are 
full-bloods. This population comprises about 11,000 
families. It is the obligation of the Go,·ernment to pro
vide these people with resources sufficient for them to 
attain economic inJcpendenre at a reasonable standard of 
li,·ing. The present carrying capacity of the grazing 
range availablr to them is estimated at 611,000 sheep 
units. 'I}lis would permit th~ grazing o~ approximat_ely 
70 sheep per family whereas at least 400 sheep per family 
are required to provide a minimum standard of lh·ing. 
A~uming that 3,000 of these Indian families will find their 
way into h}dustry or othemise secure their lidng off the 
rrscn·ation there remain 8,000 families to be prO\·ided 
for. With the range land J.iridcd equally they could each 
ha,·e not to e~ceed about 75 sheep per family. With the 
full development of all potentially irrigable lands total
ing 135,000 to 150.000 acres it would be possible to as
sign an awragc of 15 to 20 aaes of irrigable land to each 
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The project works are complete with the exception of 
the proposed Buttes Dam and facilities for securing the 
supplemental supply from the Colorado River. The area 
actually irrigated each year varies with the available water 
supply which heretofore has been inadequate for the en
tire project area o£ 100,000 acres. The construction of 
these additional facilities should receive a high priority 
in the basin development and work started when mate
rials and manpower become available in the postwar 
period. 

San Carlos Reservation.-On the San Carlos Reserva-. 
tion 1,000 acres are under cultivation. The irrigable 
area includes several tracts, the principal ones being near 
Bylas and Calva on the Gila River and near the San 
Carlos Agency along the San Carlos River. Water is 
secured both by direct diversion and by pumping. The 
average annual diversion is 6,000 acre-feet. No substan
tial expansion either in the irrigable area or the diversion 
uf water is contemplated. 

San Xavier.-On the San Xavier Resenation near 
Tucson approximately I ,640 acres are being irrigated by 
direct diver;ion from the Santa Cruz River and by pump
ing. Irrigation was practiced by these Papago Indians 
before the area was first visited by Father Kino in the six
teenth century. It is proposed to increase the irrigable 
area from 1,640 to 1,700 acres. The present annual di- · 
version amounts to 9,840 acre-feet and no increase is 
contemplated. 

CALIFORNIA 

Within the Colorado River Basin in California are two 
Indian projects. The combined present irrigable area 
amounts to 7,97 5 acres and plans contemplate expand
ing this area to 22,350 acres. The present average an
nual diversion is 47,718 acre-feet and the diversion re
quirement for the ultimate area is estimated at 134,218 
acre-feet. The two projects are described as follows: 

Coachella Valley.-Within the Coachella Valley are 
three reservations which, under the Bureau of Reclama
tion plans, will receive water from the Colorado River 
through the Coachella Valley canal. These reservations 
are Augustine, Cabazon, and Torres-Martenez. There 
are at present approximately 125 acres in small tracts be~ 
ing irrigated on these reservations and it is planned to 
increase that area to 14,500 acres. The present water 
supply is secured from artesian wells and pumps and the 
average present annual diversion is 500 acre-feet. When 
the Coachella Valley canal is completed water for the 
larger acreage can be secured therefrom. The average· 
annual diversion requirement for the ultimate irrigable 
area of 14,500 acres is estimated at 87,000 acre-feet. The 
e:5timated cost of providing the necessary irrigation bcili
ti<'S and subjugating the land is $4,350,000. This work 
should be accomplished as soon as possible. 

709515-46--!S 

Fort Yuma.-On the Fort Yuma Reservation 7,850 
acres of irrigable land are included in the Yuma project 
of the Bureau of Reclamation. Water is delivered by the 
Bureau of Reclamation from its canal system. The pres
ent average annual diversion is estimated at 47,218 acre
feet. No expansion of the irrigable area or increase in 
diversion is contemplated. Some additional subjugation 
work is necessary to permit the irrigation of the total area 
and the economical use of water. The estimated cost of 
this work is $350,000. 

CoLORADO 

Within the Colorado River Basin in Colorado are two 
Indian projects. The combined present irrigable area 
amounts to 8,600 acres and plans contemp1atin.g expand
ing this area to 20,350 acres. The present average an
nual diversion is 43,000 acre-feet and the aYerage annual 
diversion requirement for the ultimate area is estimated at 
72,750 acre-feet. The two projects are described as 
follows: 

Southern Ute.-On the Southern Ute Reservation 
8,400 acres are now supplied with irrigation facilities of 
which 2,400 acres are in non-Indian ownership, and plans 
contemplate expanding the area to 19,850 acres of which 
3,700 will be non-Indian. The water supply is secured 
from Pine River and tributary creeks. The present aver
age annual diversion is 42,000 acre-feet and the average 
annual diversion requirement for the ultimate irrigable 
area is estimated at 70,250 acre-feet. The tentative esti
mated cost to provide irrigation facilities for the additional 
area is $860,000. 

Ute .Mountain.-On the Ute Mountain Reservation 
there are 200 acres being irrigated and plans contemplate 
expanding the area to 500 acres. The water supply is 
secured from Mancos Creek. The present average an
nual diversion is 1,000 acre-feet and the average annual 
diversion requirement for the ultimate irrigable area is 
estimated at 2,500 acre-feet. 

NEVADA 

Within the Colorado River Basin in Nevada is one In
dian project. This small project is on the Moapa Reser
vation and contains an irrigated area of 325 acres. 
It is proposed to increase this area to 600 acres. The 
water supply is obtained from the Muddy River. The 
present average annual diversion is 1,950 acre-feet and 
the average annual diversion requirement for the ultimate 
Indian area is estimated at 3,600 acre-feet. The work 
required to complete the irrigation facilities includes the 
construction of a small storage dam for irrigation and flood 
control. The estimated cost of this dam is $335,000, of 
which about $55,000 will be a charge against the Indian 
land, $135,000 will be allocated to flood control, and 
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the Zuni River, a tributary of the Little Colorado River. 
The present average annual diversion is 31,000 acre-feet 
and the average annual diversion requirement for the 
ultim:::te area is 50,000 acre-feet. Additional surveys and 
studies are necessary in order to define the ultimate irri
gable area and prepare cost estimates. 

UTAH 

Within the Colorado River Basin in Utah are three 
Indian projects. The total present irrigated area is 
73,320 acres· and it is proposed to expand the area to 

. 99,085 acres. The present average annual diversion is 
236,170 acre-feet and the average annual diversion re
quirement for the ultimate area is estimated at 298,510 
aw:-feeL The projects are described as follows: 

Shivwits.--On the Shivwits Reser>ation there are 70 
acres hring irrigated and it is proposed to expand the area 
to 85 acres. The present average annual diversion is 420 
acre-feet and the average annual diversion requirement 
for the ultimate area is 510 acre-feet. The diversion is 
ffom the Santa Clara River. 

Uintah.-On the Uintah Reservation there are 77,000 
acres now provided with irrigation facilities. The average 
~mnual diversion is 232,000 acre-feet. The water supply 
for this project is secured from the Uintah, Duchesne, 
Lake Fork, and Whitewater Rivers. No expansion of the 
project area or increase in diversion il; contemplated. 

Uncompahrgre.-On the Uncompahgre Reservation 
there are l ,250 acres now provided with irrigation facili
ties and it is planned to expand the irrigated area to 22,000 
acres. The water supply is secured from the White and 
Green Rivers and several small creeks. The present aver
age annual diversion is 3,750 acre-feet and the average 
annual diversion requirement for the ultimate area is 
e-:timated at GG,OOO acre-feet, 

SUMMARY 

Table CXXXVI lists the various Indian projects by 
States, showing the present and ultimate irrigable areas, 
the pra;ent and proposed annual diversions in acre-feet, . 
and the source of water supply. . 

Of the Indian projects listed, the Nav;1jo in Arizona and 
New Mexico, and the Colorado River in Arizona are of . . ' 
maJor tmportance in the rehabilitation of the Indians of 
the bJ.Sin. The need for tl1e early completion of all In
dian projects is acu~e but the need for the full de,·elop
ment of thc;;e two IS most urgent and their completion 
~ould be. gtvcn a first priority. The employment pro
Vided dunng the construction period will greatly alleviate 
tl1e problems involved in the return of the Indians in tl1e 
~nned services and those engaged in war work to a peace
time economy. 

THE COLORADO RIVER 

GENERAL LAND OFFICE 

Colorado River Basin 
Since the organization of the General Land Office in 

1812 the legislative framework built up in relation to 
public land policy has been incorporated in over 5,000 
public land statutes. While many of these laws are con
cerned with the disposal of the public domain, much of 
the more recent legislation deals with the management 
and conservation of the remaining public lands and their 
resources, through leases, exchanges, and reser\'ations. 

Public domain in the Colorado Basin,.:_ln the Colo
rado River Basin there are about 6,000,000 acres 
of unappropriated and unreserved public domain under 
the jurisdiction of the General Land Office. This is land 
area outside of grazing districts aml other public land 
programs. The General Land Office exercises imme
diate and sole jurisdiction over all activities on these 
6,000,000 acres. It has the major responsibility for all 
nongTazing activities in gTazing districts and is responsible 
for all land titles and the administration of the mining 
and mineral leasing laws affecting lands in the national 
forests and within many other public land projects. 

Within the Colorado River Basin there are eight rna jor 
subareas in which the activities of the General Land 
Office will be largely concentrated to assist in obtaining 
the highest development and use of the resources in con
nection with the basin development program. These 
areas are ( 1 ) the Imperial Valley, California, ( 2) the 
lower portion of the Gila River in southwestern Arizona, 
( 3) southern "Arizona in the vicinity of Tucson, ( 4) cen
tral Arizona from Phoenix north to the Colorado River, 
( 5) east cemral Arizona in .the upper reaches of the Little 
Colorado River, ( 6) western New l\fexico, (7) Duchesne 
and Carbon Counties, Utah, near the Green River, and 
( 8) the Yampa River in northwestern Colorado. 

There are many problems now being experienced in 
administering the public land in these areas largely 
arising from conflicts in use between irrigation and dry
farm crop production, grazing, homesites, and mining. 
As water and land improvements are made in the basin 
for expanding irrigation, power production, industrial 
production, and for numerous other purposes there will 
be many more and considerably intensified conflicts in 
land use. The administration of the public lands is also 
especially difficult and complicated due to the scattered 
nature of the tracts remaining in the public domain as 
the result of the earlier land dL~posal practices and the 
importance of many of these tracts in the utilization of ad
jacent lands in the localities in which they lie and in the 
area economy. 1l1e problem will be further complicated 
if large reservations of public lands for military purposes 
in the basin are released, requiring- major readjustments 
in the use of large areas for peacetime pursuits. 
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TABLE CX..'CXVI.-lndian projects in the Colorado River Basin 

Source ol wnt~r supply' 

Jrrignblc nn·a 

Pr~ant 
(acres) 

t'ltimnte 
(acres) 

267 

(acr.-teN) (a,,r.-IO<'l) 
PN•s,•nt I Ultimr.w 

---------------------:---·---------l-----l----l·----1-----
Arizona: 

Ak Chin_. ____ .. _ .. _ ......... _.. Wells ..•.... _ .... -- .... -- ......... -... . 
Camp Verde ............ --------·-! Verde River. 
Chiu Chiu. __ _ _ Wells.--- ____ .-.- ••• -••.... -- ...... ----
Cocopah. _. _ _ _ _ _ _ _ _ Colorado RiYcr ------ ............ -- ..... .. 
Colorado River .. ______________ •. Colorado River---·----- .. _._. __ . __ .. ___ _ 
Fort Apache...: _________________ White River._-------------------- •. ---_ 
Fort 1\lojave ...... _. _____ . _ _ _ __ __ Colorado River------------- ___ ._ ... _. __ _ 
Fort McDowelL_._._. ___ . ______ . Verde River .. __ -- ....• ---.-- ..... -- __ __ 
Gila !lend .. _____________________ Gila River ..... ___ .. : ..... __ ... _ ... ___ __ 
Gila River... ____ . _______ • ___ .___ Gila and Salt River--------- .... _ .... ___ • 

~~ff:g~~~-:::::::::::: :::::::::: i!i:~~~~ ~~~~~~========= == ~====~ ::::::.: 
tioapvla. -J.

0
- _- _- -__ --__ - _-'_- _--_ -__ - _-_- • __ - ._ • __ - • __ - _--__ -_- Miscellaneous streams ...... _____________ _ 

"' Miscellaneous streams _________ ... ____ . __ _ 
Ralt River ... __ .... ______ ._. __ ... Salt and Verde Rivers ........ ____ ._. ___ ._ 
~an Carlos. _______ . ________ .____ Gila River _________ • ____ .... ________ .. __ 
San Carlos RPservation. ____ ------ Gila and San Carlos Rivers ......... _____ _ 
San Xavier ••• __ .. _______________ Santa Cruz River----------- .. _-.---. ___ __ 

670 
170 
615 
100 

9, 400 
2, 000 

20 
600 

0 
7, 400 

175 
40 
40 

660 
13, 740 
9, 800 

100,000 
1, 000 
1, 640 

670 
425 
700 
425 

100,000 
6, 000 
9, 000 
1, 400 

400 
12, 925 

200 
170 
40 

730 
45. 270 
10,000 

100, 000 
1, 000 
1, 700 

1, 500 2, 680 
950 2, 337 

1, 550 2, 800 
600 2, 550 

56,400 600,000 
10,000 30,000 

100 54,000 
3, 600 8, 400 

0 2, 400 
37, 320 I 77, 955 

1, 050 1, 200 
200 1, 020 
160 160 

3, 300 3, 6.50 
68, 700 226, 350 
39, 200 40, 000 

370, 000 I 600, 000 
6, 000 6, 000 
9. 840 9, 840 

1-------1--------1-------1------
Subtotal ••• ---. __ . ___ ..... _ .. ____ .. ___ ... _ ..•. ____ •.•.•. ___ ... __ • _ ..• _ 148, 070 291, 055 

California: 
Coachella \'alley ............ _._.. Colorado River.. ... ___ ••.•• _._._ ... ___ ._ 
Fort Yuma ... __ .. ______ ------ ___ -----------·-------------------------- .. 

610, 470 1, 671, 342 
!=~~=·~=!=~==~='====·=!====== 

125 
7, 850 

14, 500 
7, 850 

500 
47,218 

87,000 
47,218 

SubtotaL. ___ • __________ • ________ .•••.• ___ • _. ___ •. _ ...... __ .. __ _ _ _ _ _ 7, 975 22, 350 47, 718 134, 218 
==I========= 

Colorado: 
Southern ltP. _ --- ........ _______ Pine River and Creeks ••.•. _____ ··-------
Ute Mountain __ .. _._ ....... ___ ._ Mancos River _____ ••••• -----. _____ ._. __ _ 

SubtotaL_. ___ ....... _ •.•••••••. ____________ . _____ • _________ ••• ___ • __ _ 

Nevada: 
Moapa ..... _____ ... ___ -------... Moapa River __ •.. _________ .. ____ -------

SubtotaL . __ .... _____ . _____ •.. ___ • _ •••••••••• _ •• _ •• __ •.••• __ 

New Mexico: 
Jicarilla .•... __ . _. ___ ..•...... ___ LaJara and Dulce Creek .. __ .•.• _ .... _._. 
MonumPnt Rocks ______ ..... _____ San Juan River_ •. ___ . ___ .. ______ . __ • __ . 
Navajo .. _. . . Miscellaneous streams ..... _____ . __ ._ ... _. 
Shiprock ... _ .. ____ ._. ____ . ___ ... San Juan River ___ ._------- _____ . __ ._. __ 
Zuni. ••• ______ . _____ ...•.. ______ Zuni River .•.. __ ------ _________________ _ 

SubtotaL __ ... _____ . _ .. _. __ • ___ • __ •• ___ • _ .• _ .. ___ ... ___ . ____ . _ 

rtah: 
Shivwits •• ___ .. ____ .. --· •..... 
Uintah ....... _____________ __ 

Uncompahgre ..•.. _________ .. _ 

Subtotal. 

Tnbd 

I 

Santa Clara River _____________________ _ 
Uintah, Duchesne, Lake Fork and Whit~

water Rivers. 
White and Green Rivers ........ _ .•... ___ _ 

8,400 
200 

8, 600 

325 

325 

800 
0 

12,000 
0 

6, 200 

19,000 

70 
77,000 

1, 250 

78,320 

262, 290 

Rh-.r iu conm>ctlon witb the propo"'d Central Arttona dcnlnl•na·nt. 

19, 850 42,000 70, 250 
500 1, 000 2, 500 

20, 350 _43,000 _72, 750 

600 1, 950 3, 600 

600 1, 950 3, 600 

5, 000' 4,000 2.5, 000 
25, 500 0 127, liOO 
22,500 60,000 112, 1:00 
70,000 0 350,000 
10,000 31, 000 50,000 

133, 000 95,000 665,000 

85 420 510 
77, 000 232,000 232,000 

'22, 000 3, 750 66,000 

99, 085 236, 170 298,510 

566,440 [1, 034,308 2, 845, 420 

of the 8,000 families in addition to which each family 
could graze an average of 7 5 sheep. This would not solve 
all the economic problems of the Navajo but would raise 
his present standard of living considerably. Many of 
these Indians were in the armed services and many more 
were engaged in war work. Now the war is over these 
people must inevitably return to tl1e reservations. Un
less detail plans can be developed and construction work 

started on these proposed irrigation developments imme
diately, the conditions on this reservation will be such as to 
require the expenditure of large sums for relief or "made" 
work; this alternative must be avoided. 

Zuni.--Within the Colorado River Basin is the Zuni 
Pueblo. On the pueblo lands 6,200 acres are now pro
vided with irrigation facilities and it is proposed to expand 
the irrigated area to I 0,000 acres. Water is secured from 
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withdrawn from other disposition by the General Land 
Office under the established public land laws. The prob
lem of eliminati.u.~ adverse ownership in the reclamation 
project areas has occurr.ed in other river bas.ins and ~twill 
probably be significant m the Colorado Ba.c;m. Thts can 
be alleviated through a properly planned land exchange 
program. . 

Throuuh its land classification investigations in the 
b • 

Colorado Basin, the General Land Office, m co-
operation with other agencies, will also endeavor to de
tennine the extent and availability of surface and ground 
watc'r suppli•·s of those p1,1blic lands capable of irrigation 
fruu. the standpoint of soils and topography which are 
.nul t•J be inc!;,ded in the Bureau of Reclamation projects 
idh.i ascertain Lhc economic feasibility of irrigating these 
lands. Any of these lands which are found to be suitable 
f,r- irrigation '~ill be mainly utilized in connection with 
e~;t,lhlished farming and ranching enterprises. 

The General Land OtJice adminbtcrs sustained forest 
yidu uniL~ on public lands in cooperation with individuaL~, 
corp,,rations, St;ttcs and their political subdivisions, and 
othrr fdera! agencies. While it is not anticipated that 
much of the public land in the Colorado Basin will be 
found to be forest in character, consideration will be given 
tl) the establishment of sustained forest yield units, if 
feasiblr., · for the protection of downstream lands and 
reservoirs from siltation and rapid water run-off and to 
promote improved management and utilization of any 
timhrr resources. 

Technological advancement and other factors are con
st:llltly raising public lands to considerably higher uses 
which in the past have been considered to be practically 
worthletiS. Large areas of these lands are in demand for 
airfields, inJustrial plants and supplementary facilities 
for these plants, home, recreation, and busint>ss sites. The 
direction of public lands to these higher uses is an im
portant phase of land classification in attaining maximum 
public benefits from the advanced denlopmcnt of the 
Colorado Ba~in. 

f;qdastra[ .survey$.-:\s a part of the General Land 
Oflice's participation in basin developmental programs, 
it has been fouud that cadastral surveying must neces
sarily be expanded and accelerated to facilitate the land 
~lassifi~:ation work and tl1c activities of other p<~rtiripat
lllg bureaus. The amou11t of thi5 work is especially dc
pen?ent upon tht needs of the cooperating bureaus. 

1 he cadastral ~urvey consists of the surreys of unsur
veyed lands and the resurvey of lands sun ryed many 
yea.rs ago for tl1c ree~tablisluncnt cl boundary lines and 
oLlJt?rated corn~:rs. The only official surveys in the 
PLibllc land States nrc tho·,c made by the ( :l'lwral Land 
Olf~ce. .T~c~e ~unt:ys ar1: a higl1ly import,mt function 
for 1dcntifym~ ku~d. in the ba.~in drnlopmmtal progrrum 
\\here dams rcqum1\g large reservoir sitt'S and othn· im
prownwnts arc inv1•lvcd. 

THE COLORADO RIVER 

The cadastral survey work in the Colorado Basin will 
not be limited to the unappropriated public domain as it 
is necessary in areas administered by other public agencies 
and even on patented lands. To promote greater effi
ciency in the conduct of the departmental ba.~in programs 
there are indications that it might be helpful to expand 
the scope of the cadastral surveys to include surveys for 
purposes such as rights-of-way. 

Mineral claims.-Title may be obtained under the 
mining laws for lands which contain metalliferous min
erals. In many patents issued for public lands in recent 
years the mineral rights are reserved to the United States 
and the right to develop nonmetalliferous minerals may 
be acquired under the mineral leasing laws which are 
administered by the General Land Office. 

Generally, the right to extract metalliferous minerals is 
established by a prospector through a claim which does 
not ordinarily come to the attention of the General Land 
Office until an application for patent is made or until 
some interest of the United States intervenes, but such 
claims when properly located, recorded in the applicable 
county office, and maintained and based on the discovery 
of mineral are valid. It is often found that reservoir sites 
include mining claims of record, though valueless for 
mineral and not properly maintained. The record must 
be cured before reservoir or other improvements can be 
made without danger of a suit for damages when the 
claim is flooded or otherwise endangered. The General 
Land Office makes investigations to determine validity of 
such claims and where the claims are found invalid con
ducts appropriate proceedings for the cancellation of the 
claim, and in many instances, at the request of the Bu
reau of Recbmation or other agencies, conducts investi
gations to detcm1ine the value of such claims as are 
found to be valid. There will in all probability be a 
pronounced need for these services in the development of 
the Cohn·ado Rivrr Basin. 

The right to exploit nonmetalliferous minerals, as in
dicated above, is handled by the General Land Officr 
through leases. The return to the F edcral Go\'crnn1cnt 
from these leases is high, ahhough the maintenance of the 
resource is the principal object in their administration. 

All dctcrmiuations rrlating- to the mineral character of 
land are made in do~c co(lpcration with the Geological 
~urvcy. 

v Stunmc!l')' of Jnoj•ostd general/and office program.
Thc General Land Oflice program for the Color::tdo River 
Klsin will largely consist of land claS$ifiratiL)n, cad.1~tral 
sul'\'l'YS, and im·est i~ati,m of mineral cbims. 

U~lkr the pn•gr;m of the Ge11cral L::md OJTice, l.md 
classification studies will he cc111ducted ptinMrily in the 
eight areas mentioned. They will be concentrated at 
the oustsct on those art'a$ when~ the departmental basin 
dcvdopmcnt arti,·itics demand the mo~t immediate 
action. The work will Le interrelated and wordinatcd 
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Land classification.-Prior to designating land for a 
certain use, or acting upon an application for sale, settle
ment or exchange of public domain, it is required that 
such land be classified as to its suitability for the purpose 
intended. As a rule due to the limited staff and funds 
and the large area of public domain located in discon
nected tracts throughout the 29 public land States, the 
past procedure has been mainly limited to the classification 
of a tract of land after an application is received from an 
individual or State. A few small areas of land have been 
classified or are in the process of classification as to the best 
adaptable use. While such area classifications are not 
static and are subject to modification, they provide a more 
practical basis for guiding pllt>lic land policy and 
administration. 

Only cursory information has been assembled for most 
of the unappropriated and unreserved public domain acre
age. The absence of detailed physical and economic in
formation has tended to handicap the General Land Office 
in its administration of public lands. The need for 
classifications embracing broader areas has become in
creasingly pronounced, especially for the integration of 
the development and use of the public lands with other 
lands. It is essential in the shift from war to peace and in 
the program for attaining the fullest development of the 
Colorado Basin that the land classification studies be made 
in greater detail and over larger areas. Considerably more 
detailed land classification is required to indicate better 
the purpose for which lands are physically and eco
nomically suited and to provide the necessary basis for 
determining the most feasible conservation and land 
management programs in line with local as well as national 
needs. 

The physical survey will develop information on soils, 
relief, slope, drainage, elevation, water supply, and vegeta
tive cover which involves consideraqle field work, map
ping, and use of aerial photographs. Economic studies 
involve the relationships between those persons utilizing 
public and privately-owned lands; thus taking into con
sideration such factors as pattern of ownership, public 
improvements, private improvements, the type of grazing, 
forestry, industrial, agricultural, and other operations in · 
the locality, and the cost and coordination of land de
velopment, utilization and management. 

Coincident with and a part of land classification is the 
determination of which lands should be retained in public . 
ownership and the planning of a unified management pro
gram that encourages the most productive use of these 
lands from a public viewpoint. Proper management en· 
compasses policies dealing with multiple land uses, such 
as grazing, forestry, mining, and recreation. 

The grazing of livestock is now the most important 
present use, but it is not in all instances the highest or 
the proper use, for many portions of the public lands. 
The most fruitful management program for grazing lands 

will be consolidation of ownership through planned ex
changes and range improvements to promote the optimum 
retention of range resources after considering the pro
tection of watersheds and the long-time benefit to stock 
ranches. The General Land Office has, in cooperation 
with lessees, made soil and mois.ture range improvements 
that enhance the value of the range resources, which is in 
the interest of the public as well as the individual. How-

. ever, this improvement program has beep on a small 
scale considering the total area involved and the need for 
such work. More specific land classification information 
is needed concerning areas where new sources of surface 
or ground water supplies can be developed to pennit a 
better distribution of livestock on the range, and to open 
up areas that now have little value because of stock water 
problems. Extensive studies are needed on the carrying 
capacity of grazing land to indicate those areas where 
seeding programs are desirable or special precautions are 
required to minimize soil erosion. These studies will 
also denote the needs fot flood control works and reser
voir siltation reduction that may include the diversion and 
spreading of water on favorably located range lands and 
other measures. Irrigation development creates the need 
of additional land economic studies, for example, to de
termine the extent of disturbance on range management 
programs through the opening of newly. irrigated lands. 
It is through such development that a vital need for in
creasing the range forage supply is created, since high fe~d 
production on irrigated lands must for the greatest econ· 
omy be supplemented with grazing lands. The end 
result should lead the way for action progran1s involving 
( 1 ) construction of stock-watering facilities; ( 2) build· 
ing stock trails j ( 3 ) reseeding range lands; ( 4 r construc
tion of range fences; ( 5) rehabilitation of eroded range 
areas; and ( 6) better control of predatory animals. 

Land classification on a broad basis will also bring into 
better focus the ownership and tenure pattern in localities 
concerned with composite range areas. It will provide 
the basis for a program designed to attain a better owner
ship pattern through acceleration of land exchanges that 
will make for better use of land and more efficient 

• administration. 
Practically no public lands remain that can be used for 

agricultural purposes in their natural state. Irrigation 
· and drainage are in rrtost instances necessary. Lands sus

ceptible of irrigation at a cost within the reach of private 
enterprise have generally been reclaimed by the States, 
operating undet the Carey Act, or by individuals or irriga
tion companies. The areas which may be reclaimed by 
irrigation through individual initiative are small and iso
lated. The irrigation of any considerable body of arid 
public land, such as commonly found in the Colorado 
Basin, now largely depends upon its inclusion in a project 
similar to those handled by the Bureau of Reclamation. 
Any public lands which are included in thflle projectl! are 
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· . il'~ter )icld would be obtained by any expansion on man
aged tim her cutting. And, incidentally, millions of board 

· feet of lumber and other forest products would be re
leased for human use; simply because, on high-altitude 
ft,rcst lands, all the trees are not required to protect the 
watersheds. · 

In addition to these high-altitude forested watersheds, 
large areas of other watershed land at both high and low 
elevations are in depleted condition due to past and pres
ent overgrazing and cultivation. As a result these lands 
prc~ent a serious problem of erosion and siltation; a prob
lem which is still by no means solved. However, research 
by the Intermountain Forest and Range Experiment Sta
tion has shown, on limited areas, that these eroding lands 
can be healed by changes or reductions in land use, by 
artificial revegetation, and by small mechanical struc
tures-often at an actual profit to the · private owner. 
Wate~hed improvements such as these when extended to 
larger areas, will help minimize the silt content of our 
mountain rive~, and thus will actually increase the yield 
of usable, silt-free water, and will decrease excessive high 
irrigation project maintenance costs. 

Up to now, because of limited funds and personnel, 
this wate~hed research on stream flow and soil stability 
problems has been restricted in scope and confined to 
relatively small areas. Henr.e the results do not yet per
mit broad recommendations for the management of 
other forests and range types or even other wate~heds 
within a single type, because the most desirable manage
ment will change with variations in the forest climate 
and soil. Thus, in order to broaden the ba;is for es~ 
t<.lblishi~g and m~difying wate~hed-management poli
Cies, th1s productive research needs to be intensified 
and cx~c.nded to other valuable water-producing areas. 
In add11ton, more information is needed on how to cut 
timber and graze forage in order to insure a future crop of 
wood and ranch products as well as water, and how to 
log and utili:~.e the timber most completely and efficiently, 
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COTTONWOOD CAMP, BIG PINEY, WYO. 
High mountains in upper basin support extensive 

stands of timber 

so that private operators can afford to cut timber where 
and when it should be removed. 

Since the production of ample supplies of usable water 
is intimately bound up with the other natural resources of 
the national forests, it is worth while also to appraise the 
relative importance of these other resources in the recla
mation picture; to· see how their use is associated 
with agrculture; and to evaluate the requirements of good 
resource management. The national forests, for exam
ple, contain nearly all of the merchantable and much of 
the nonmerchantable timber stands within the basin. The 
commercial timber volume totals about 30 billion board 
feet, the principal species being ponderosa pine, Douglas 
fir, lodgepole pine, fir, spruce, aspen, juniper, and pinon 
pine. These forest areas thus far have provided all of 
the rough lumber, posts, poles, and fuel-wood needed in 
the basin, but have fprnished only about one-fourth of 
the demand for finished lumber. Inaccessibility, insects, 
disease, and fire have been the chief deterrents to a fuller 
use of the forest Ia:nds. Expansion of irrigation and re
lated enterprises within this basin will create a demand for 
more timber products. Preliminary studies indicate that 
a t least 50 percent of the finished lumber can be obtained 
locally, but detailed surveys and silviculwral im·~tiga
tions are needed to guide the more intensive utilization of 
the forested :J.reas that will be required to reach this goal. 

The herbaceous and shrubby forage on the national 
forest lands constitute an important part of the year-round 
food st~pply for a large range livestock industry within 
the ba..~ i n. These lands arc grazed by about one-third of 
a million cattle and 2 million sheep. A sm:tll portion of 
these animals graze year-long on parts of some of tl1e 
forests in the lower basin. 1\fost, however, graze on 
the forests only during the summer season and arc then 
moved to adjacent ranges and farm pastures, fields, ami 
feed lots for the remainder of tl1e year. A dominant fact 
about the national forest range lands is tl1at they are now 
fully stocked and in local areas are ove~tocked. Future 
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with the programs of other Federal agencies as well as 
the activities of States and counties. It is estimated that 
the classification can be completed for the 6,000,000 acres 
of unappropriated public domain in from five to six 
years with an annual expenditure of approximately $100,-
000. This figure only provides classification for small 
areas that may be released from military reservations. 
Should large areas of public land reserved for military 
purposes be returned to the jurisdiction of the General 
Land Office it may be necessary to e.xtend the time for 
land classification. 

Since the amount of cadastral survey work is so de
pendent upon the needs of the cooperating bureaus, it is 
difficult to estimate at this time. From the experience 
being gained in basin developmental programs, it is be
lieved that the work will require annual expenditures in 
the Colorado River Basin during the planning and early 
development stage of approximately $150,000. 

The work in connection with investigating and evaluat
ing mineral claims is separate and distinct from land 
classification. This activity will be accomplished to a 
large extent at the request of the cooperating bureaus. as 
a service function. The annual cost of the work for an 

f, expanded program in the Colorado River Basin may 
'I amount to approximately $60,000. 

FOREST SERVICE 

National Forests and Reclamation in the Colorado 
River Basin 

About one-eighth of the Colorado River drainage basin 
is national forest land under the jurisdiction of the Forest 
Service, United States Department of Agriculture. These 
lands embrace most of the high mountains and plateaus 
which rim the basin. Though separated by extensive 
benchlands and foothills from the semiarid valley where 
most of the; settlements are situated, the humid uplands 
provide a wealth of resources---especially water, but also 
wood, forage, mineraL~, wildlife, and recreation-which 
are essential to the economic development of the basin. 

Although their areal extent is relatively small. the na
tional forests play a disproportionately large role in basin 
water supplies, since they produce well over half of the 
annual (undepicted) water yields of the basin; and, in 
tenns of unit yields, these forested mountain watersheds 
produce annual gross water yields ranging up to an acre
foot or even more per acre. 

Man cannot control the amount of seasonal distribu
tion of precipitation; but he can do much to influence 
the volume, quality, and duration of streamflow through 
a series of manipulations starting with watershed manage
ment, extending through stream developments, and end-

ing with irrigation and. domestic use at some distance 
from the source of the water. Of these cultural prac
tices, watershed management stands high in importance 
because of the strong influence of watershed vegetation 
on water yields. On the one hand, vegetation reduces 
their total volume by consuming water, although in doing 
so it produces wood and forage to supply human needs; 
on the other hand, it influences the quality and distribu
tion of stream flow by retarding floods and minimizing 
soil erosion and siltation. Hence good management in
volves the balanced use of forest and range resources so 
as to reduce water losses on the watershed and to produce 
a maximum volume of clear, tisable water as well as to 
provide wood products, forage, wildlife, and recreation. 

Thus it can readily be seen that water is the key re
source of these national forests, and that the management 
of these forests for maximum production of usable water 
is one of the most important responsibilities of the Forest 
Service in the Colorado River Basin. For this reason 
the Forest Service has maintained as one of its dominant 
objectives the protection and management of the water
shed lands under its jurisdiction. Wherever Roods and 
e~osion have been aggravated by misuse of these lands, 
good watershed management has required carefully re
stricted timber cutting and grazing use, or in some in
stances complete protection of the vegetative cover. 
· Recently research by the Rocky ~fountain Forest and 
Range Experiment Station has begun to show that re
vised management practices on many high-altitude water
sheds will not only result in an increase in stream flow but 
also will make available additional wood products. In a 
lodgepole pine forest, for example, like that which oc
cupies about 3 million acres of water-}ielding land in 
Colorado and Wyoming, the removal of commercially 
salable timber has increased the amount of water available 
for stream flow about 3~-4 inches, or about 30 percent, 
o\'er that which is ordinarily available on uncut virgin 
forest-and without noticeable damage to the soil re
source or the watershed as a productiv~ area. 

The implications of these results are dear, although 
their quantitative interpretation requires some qualifica
tion. If similar findings can be applied to other water
sheds in the lodgepole pine type and to other high-altitude 
forest types in the Colorado River basin, substantial in
creases in water yidd may be accomplished by properly. 
managed timber cutting. As compared with the observed 
increases on local areas, however, their average magnitude 
over the national forests of the basin will be considerably 
smaller, because the full effect of timber cutting can be 
obtained on only a portion of the total area at a time. 
Other portions are inacces;ible or must await the de
vdopment of the most intensive management; others 
must be protected against floods and erosion; and still 
others will be producing a new forest after they have 
been cut-over. But even so, worthwhile increases in 
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available for the use of man; and second, to supply the 
power requirements in neighboring areas, especially in 
the developed area along the Wasatch front. These stud
ies will contemplate the development of the raw mate
rials from the soil and mines as a first step only, followed 
by those industries and processes that produce finished 
products from the raw materials. The objective will be 
to produce through the power and material resources of 
the basin a balanced economy. 

Coal and oil shales are presently known resources of 
the area cttpable of influencing to a great extent the basin 
economy. Oil and gas possibilities are now being ex
plored. These fuels for a time may offer competition with 
hydroelectric developments, especially so should steam or 
gas turbine development permit the use of these fuels in 
dectric production more economically than at present. 
Otht>r in1portant uses for these fuels are continuously be
ing developed and although the extent of the deposits 
~ppears unlimited at the present time, sound economic 
planning may reserve these great resources for higher uses. 
Hydro- and fuel-electric plants, therefore, may well sup
plement each other in any plan of·basin development. 

The power possibilities inherent in the Upper Colorado 
~hould be so developed ahead of the demand as to 
[Jrovide an incentive for the development of the basin's 
resources, to make increased agricultural development 
po~sible, and to permit a fuller life for those within the 
area. The replacement of power now generated during 
the nonirrigation season in plants located on the Wasatch 
front by Colorado River power, appears to offer possibili
ties for large economic gains. Water now wasted in the 
Great Salt Lake could then be utilized to irrigate thou
sands of acres of additional lands, creating new homes 
and providing food for those needed to man the indus
tries made possible by the development of the basin's 
resources. 

The development of the power resources of the Colo
rado River Basin may have a profound effect on the pro
gram of development in adjoining areas, affecting 
power markets in Colorado, Wyoming, Idaho, and Ari
zona, and, by present interconnections, even in California, 
Montana, Washington, and Oregon. Utah at present 
depends in large measure for its power supply upon im
portations from Idaho. A survey of the power market 
and supply of any area must take account of condi lions far 
distant from the imn1ediate area under considerntion. 

In any broad study of the ultimate development of the · 
Colorado River in the upper ba.sin States, consideration 
mu~t also be given to the necessary transportation sys
tem. The Upper Colorado area is completely surrounded 
by high mountain ranges and the major streams enter and 
leave through deep, impassable gorges. As the resou1·ces 
are clrvcloped the tran~portation systems must be greatly 
cxte1~dcd. Electric power may assist materially in im
provmg and l."xtending rxisting transportation facilities. 

THE COLORADO RIVER 

These and other possibilities are well recognized. Such 
analysis as is possible within the limits of the personnel 
available will'be undertaken to the end that the power 
resources may contribute their full share to the develop
ment of the region without conflicting with the uses of 
other resour~es nor detrimentally affecting other imp<,>r
tant water uses. 

Power Resources of the Lower Colorado River 
Basin 

Arizona, California, Nevada, and New Mexico.-In 
this region water for irrigation and domestic supply is 
extremely valuable and must be very carefully controlled 
and utilized. Without development of the water re
sources, this region will remain forever static, mostly in 
the form of desert. The irrigation possibilities are vast 
when it is considered that only a very small percentage of 
this latent, fertile area is under irrigation. The highly 
successful irrigated areas in Arizona and southeastern 
California are evidence of the desirability of such develop
ment. Likewise, the long-distance transmission of do
mestic water to large urban areas in southern Caliiornia 
indicates that the water of the Colorado is virtually the 
lifeblood of our Southwestern States. 

Even after water is supplied from the Colorado to the 
lands or is transmitted to urban centers, there is 
still an enormous amount of potential hydroelectric power 
which should be developed along with irrigation to re
duce the cost of land development and to develop a bal
anced economy in the region. 1\fost of the undeveloped 
power projects are very large, and in some instances step 
construction may be in order. 

The Commission's staff has made detailed studies of 
several power sites on the main Colorado and certain of 
its tributaries. Although some of the sites, for instance 
Bridge Canyon and Glen Canyon, are great distances from 
present load centers, large blocks of power could be used 
for pumping, and development of the large mineral 
(magnesium chloride and other) resources of southern 
Utah. The balance of this power could be transmitted 
to Boulder for use there, and to Arizona; and Boulder 
power could be transmitted in its entirety to California. 
Furthermore, the art of power transmission is being stead ... 
ily developed, which no doubt in time will allow direct 
transmission to large load centers. 

To develop and improve the economy of the region in 
all its phases and to add in the greatest measure to the 
wealth of the Nation should be the objective of the State 
and Federal planning agencies. To this end, the first 
step should be to collect all available infonnation relative 
to the region, its resources, and its potential markets. The 
Commission's staff has prepared an intensive study per· 
taining to the economy and the development of Arizona. 
After the war, when manpower is available, the Commis-
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H.\ULING LOGS, ASHLEY NATIONAL 
FOREST . 

Timber resources will be more fully utilized with 
basin development 

irrigation developments in the basin therefore should be 
planned with -a view toward balancing the amount of 
pasturage, hay, and grain feed to be produced on the new 
farms with the sustained grazing capacity of the range 
lands. 

The national forests are the home of big game, fish, 
and upland birds. Generally speaking there is room for 
more game on these lands except for restricted localities 
where big game populations, especially deer, have become 
excessive. Expansion of irrigation agriculture by regula
tion of stream flow and occupation of the winter grazing 
lands of deer will encroach upon the habitat of both fish 
and game. Moreover, expansion of settlement no doubt 
will increase the number of hunters and fishermen. These 
prospective impacts will require intensification of wildlife 
management on the national forests with a view toward 
eliminating local overpopulations of game and providing 
greater numbers on other areas which are now deficient. 

The recreational opportunities on the national forests 
have long been an attraction for the general public. The 
number of forest recreationists increased by leaps and 
bounds during the prewar years. This trend will be 
revived after the war and any e.xpansion of irrigation and 
related enterprises within the basin no doubt will augment 
this trend. The Forest Service is preparing to accom
modate these visitors with adequate facilities. However, 

•experience has demonstrated that man-caused forest fires 
mount rapidly with each increase in number of visitors. 
Obviously, any expansion of settlement within the basin 
which results in increased fire hazard will require intensi
fied fire control to prevent damage to the forest, 
range, wildlife, recreation, and watershed protection 
values on the national forest lands. 

The national forests already have contributed to the 
settlement and development of this basin area. Ex
pansion of settlement through new irrigation and related 
projects will result in heavier demands upon all national 
forest resources. These increased demands in tum will 
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require intensification ofresearch, management, and pro
. tection in order that the wild lands may continue to con

tribute to the economy and welfare of the basin. 

FEDERAL POWER COMr\IISSION 

Power Resources of the Upper Colorado River 
Basin 

·colorado, Utah, and Wyoming.-Water to transform 
through irrigation the latent soil resources of the arable 
portions of the Colorado River drainage in the upper 
basin States and the potential power, developed as a by
product of irrigation and river regulations, to transform 
treasures of past ages buried in the rocks of the basin into 
products of industry, should be the objectives of current 
studies by Federal and State agencies. Both the water 
and power possibilities are of such magnitude and im
portance that they should be developed simultaneously to 
improve the economic conditions of the area and add to 
the wealth of the Nation. 

The use of these prime .resources cannot be fully or 
soundly planned without a prior complete inventory of 
all of the other resources of the basin. There are physical 
limitations to the extensive use of water for irrigation 
within the area which are receiving study by interested 
agencies. The irrigation possibilities now are fairly 
well known. Lack of personnel during the war period 
has prevented the Commi&-lion's staff from as adequately 
studying Ute power possibilities and uses. Such planning 
activities are properly of the postwar period and are high 
in the list of planned studies by the Commission's San 
Francisco regional office. 

These will include investigations of uses to which power 
developed in the Colorado River Basin as a byproduct of 
other water uses may be put; first, to extend e.xisting in
dustries and to create new industries within the upper 
basin which will make the products of the soil and mines 



COOPERATING INTERESTS--FEDERAL POWER COMMISSION 275 

6ion's staff in San Francisco plans to look further into 
rh~ possibilities of this and adjacent regions. 

Both the irrigation and power possibilities for the Lower 
Colorado River are fairly well known and have been stud
ied by several agencies; but a great deal of planning is 
still necessary to coordinate properly the various uses of 
the water to obtain the greatest over-all and equitable 
benefits to the States involved and to the Nation. Such 
studies would include inYestigations of uses to which power 
produced in the Lower Colorado River Basin, as a byprod
uct of irrigation and other uses, may be put. The ex
pansion of existing industries and the creati9n of new , · 
industries, thereby developing the products of the soil 
including minerals, is the first step. This would be fol
lowed by studies of industries which would produce fin
j,hed products from the raw materials, thereby obtaining, 
through the use of irrigation power, industries, and other 
u~es, a balanced economy in the basin. 

Extensive coal and oil shale deposits in Utah may also 
be an important inauence in the basin economy. It may 
he that these fuels will offer some competition to hydro
electric development. However, it is believed that they 
will be found most ,useful in furnishing steam support to 
the hydroelectric developments during critical periods. 

In order to provide rapid development and industrial 
growth in the Lower Colorado River Basin, the inherent 
hydroelectric as well as irrigation possibilities should be 
dereloped ahead of the demand. This will provide in
centive for the development of the basin's resources and 
will accelerate agricultural and industrial development., 

Experience has shown that it is not'necessary to have a 
large existing market before constructing hydroelectric 
projects. This is borne out in the case of the Columbia 
River Basin and the extensive TV A development. 

Further possibilities o( development aside from those 
discussed above are recognized, flood control being one of 
the most important. Such analyses, as are possible with 
the personnel available in San Francisco, will be made 
of the power resources taking into account the economic 
and orderly development of the region and the recognized 
higher use of water for land development, domestic sup
ply, and other important uses. 

The following reports on the Colorado and its tribu
taries and adjoining areas, have been prepared by 
the Federal Power Commission's staff: 

(a) Report on State of Arizona's application for 
preliminary permit to develop power on the Colorado 
River at Bridge Canyon, by E. W. Kramer, May 31, 
1940, and John S. Cotton, January 1, 1942. (This 
report also deals with, to a limited extent, Glen Can
yon, Davis and Park<;r projects.) 

(b) Report on Bill Williams River Project, by John 
S.,Cotton, September 1943. 

(c) Report on application on Mineral County, Ne
vada, Power system, by W. A. Froggatt, October 1942. 

(d) Gila River Power Investigation, by Neil F. 
· Meadowcroft, August 1943. · 

(e) Arizona Power Survey, Federal Power Com
mission Staff, :March 1942. 
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TAliLE CXXXVIII.-Acreage irri'!,ated above Lee Ferry 
' 

Year l Colorado I N~w Mexloo I Utah 

I 323,000 j 189(1 1 ___________ , __ 
--··j 15, uno j 77,000 

JY02 ... ------------.-.-! 417, S39 . 20,467 80, 778 
J9()9l _________________ .

1 
615, ooo I 

"· 000 I 

169, 000 
1919 ...... ·--------- .. - 766, 532 43, 825 332,984 

i5~L ~: = = = = == ~ = =:===:~I 800,000 I 42,000 370,000 
85G, 413 I 40, 2.i3 324, 681 

19:{)) J----- ------- . -----I 767,060 I :~2. 190 I .276, 630 
19;>9-- ------ ----- - • - - - . ; 844, 4!H ! 36, 178 305, 628 

I 

I. ·m ' ta h • .. 

Past Upstream Depletion at Lee Ferry 
The historical discharges &hown in the preceding table 

represent the flc.w of the Colorado River as it occurred 
each year. If the same meteorological and climatological 
conditions of any particular year had occurred in the past, 
prior to the inception of irrigation development, the re
sulting stream flow would have been greater by an amount 
equ:ll to past depletions due to irrigation consumption, 
r .:sen·oir eYaporation losses, and transmountain diver
~iu!IS from the basin. 

The l1istory of past irrigation development in the Colo
r ado Ri,·er watershed above Lee F crry is shown in the 
kllowing table, which was taken largely from reports 
of Bureau of Census and from field sun·eys conducted by 
the Bureau of Reclamation. 

With the exception of the 1935 areas, which were de
tennined by plane-table sun·eys in the fidd, information 
on the area irrigated for each year reported was secured 
largely from infonnation furnished by indi\·idual farmm, 
irrigatic,n organizations, and State officials. The results 
are in fairly close agreement with the actual fidd sur
~·cy made by the Bureau of Reclamation in 1935 (work 
m ~.rogre..r;;s from 1932 to 1938, inclusive). 

Smce the Census data are available for a number 0£ 
years, thes~ ha,·e Qeen used as the basis 0f estimating the 
paH depletion due to irrigation within the basin. A uni
form rate of increase in irrigated area has been assumed 
for the intervening years shown by the Ccn.s .... s figures, ex
cept that all of the increase between 1919 and 1929 was 
as..:;umed to occur between 1919 and 1922. The acreage 
irrigated since 1939 has been assumed to Le the same ~s 
that shown by the Census as irrigated in 1939. 

F.rom experimental data on Reclamation and c,ther 
proJecL~ the a\'Cragc annual depletion for the area irri
gated above Lre Frrry has been estimated at 1.5 acre-feet 
per acre I · . f h' 1 · . · . n }Cars I> tg l run-ofT thne 1s a tt'tHkncy for 
overdi\'Cr.'<wn of ~tream n 'tJ . . , · • ow, WI 1 a corn·sJ)Olldmrr 111-
creasc m d , J tJ.' . • • • • .:> • t p c on, pa! ttcul.ul)· when re.sem.ms are 
a\;.ll~able_; conversely, in ytars of low run-ofi there are 
d~dUl~"$ lll the normal quantit:cs of '' ater a\ ail able for 
dl\·el'l'ton with a corresponding dencasc in depletions. 
Alluwancrs hwe been m d f h J .. · · a e or t •·se con tttons and for 
the year-to-year regulatory cfieLt of the reservoirs by 

Wyoming I Totals j Rounder! totals J Source of data 

100,000 515, 000 I 515, 000 I Census. 
ll8, 566 637, 6.')0 638, 000 Do. 
195,000 1,011,000 l,Oll,OilO. Do. 
211, 507 I, 354, 848

1

1, 35.1, 000 Do. 
23.), 000 1, 447, 000 1, 447, 000 Reclamation. 
228, 699 1, 450, 046 1, 4ii0, 000 Census. 
236, 070 1, 311, 950 1, 312, 000 Reclamation. 
273, 971 1, 460, 2n I 1, 460, ooo Censu~. 

.. . .. 
2 f teld suneys conducted durmg years 1~32 to Hi3~. mclustve. 

varying the normal depletions by an amount which is 
proportional to one-half of the divergence of the annual 
undepicted flow at Lee Ferry for the year in question 
from the mean annual undepleted flow. 

In 1945 there were 80 reservoirs in the Upper Colo
rado River Basin having capacities of 1,000 acre-feet or 
more, with an aggregate storage capacity of about l,OR0,-
000 acre-feet. In addition there are numerous small 
reservoirs of less than 1,000 acre-feet capacity each. No 
separate allowance has been made in this study for evapo
ration losses from the ex.isting storage reservoirs above 
Lee Ferry. As indicated by the preceding table the 
acreages reported irrigated by the Bureau of Census in 
1929 and 1939 are somewhat in excess of the acreage de~ 
tcrmined by actual field survey by the Bureau of Reclama
tion in 1932-38. In view thereof the past irrigation de
pletion, computed as described herein, is assumed to be 
adequate to include past evaporation losses from reser
voirs above Lee Ferry. 

Transmountain Diversions 
Data on transmountain diver~ioru. now exporting water 

from the Colorado River watershed above Lee Fern' are 
summarized in the following table: · 

TAHLE CXXXIX.-Transmountain dh•a.sion above Lee 
Fary 

I I I Pre...,nt 
:Sww of dh , . ..,.ion .I B:t..•iu "hPn> \\"ater I fi,;t l•'•lr or op- I awrnlueii 

is ust•d ••muou : auuua t ~ 
' 

1 

1 rt~r.-.:uu i i (!l('li•·fett) 

------~- I I 

<:rallcl Hiwr l''teh •• I :-:outh Pl:\tte •. ,. 1903. __ _./ l!l, 000 
~fnlfatTurJm•JI ........... d,L ..... l\13tl ....... _,. 2i.OOO 
Jnll«'~ l'a,.•Tumwl'--·- ... ciu ........ , UHO. ti,OOO 
Hu,J..-ll~ll.hoeTnmwl .I Arkau~as ....• l\1:?.:>. ---~- 5,900 
Wurtz lli•rh ...... I ... do. . ..... ---- 2. 000 
Twin Lak··~TuuuPI 1 •.. 1-- .. du ... ---11935 ....... 32.000 
Turh•·ll lltrh __ 1 HiuGmnrl•·--- l!ll·L ... -~ 2,000 
l,luni .. l ('n·•·k.nitelws. ljllomH•I'illl'----1 --------· ~.000 
Strnwl)('rry \nllt-y~ .. .do. _____ 1!113 ....... f>h,OOO 
~nn f'l'!,·. . .. .rio _ --·1 Hl3lL. ... , ROOO 
~li'I'Pil~nt·uH<~tnnlldi- \"nriuu,: ____ i Ynrion~----1 H,llllO 

,.l~r . ..:iutl~. • 1 
1 

I I!S5, 000 

I Pr~li••et uwtt•r r-unstruclltltl, A \'t'rS.I!•' din·r~:,,lJI (\lf Ht\.t\-4-l, iudu,.h·~. 
• Prt•.lt'<'t nt•t fully dP\'\1lt\JM.~t. A \'t•rfH't\ dtvt•r$h•u fllr 1\Hu-l~•. htdU:HH'. 
a l't\)J•:rt n(ll ful~~· dt'\'t•loprt•d ... \ Vt•ratr~.t• Unersivn for 1\.13.5-t:J, indusn~. 
1 J!afht•>l dJVOr.<IOD WaUt' iU 1!1....0, 



APPENDIX I 

Water Supply, Colorado River 

Historical Flow at Lee Ferry 

· The Colorado River Compact made allocations of· 
Colorado River Basin waters between the upper and the 
lower basin, with Lee Ferry, below the mouth of the 
Paria River near the Utah-Arizona boundary, the point 
of division. 

Systematic stream-flow records have been secured at 
the Lees Ferry gaging station on the Colorado River above 
the·mouth of the Paria River since June 1921 and on the 
Paria River at its mouth since October 1923. The sum 
of the records secured at these two stations determines · 
the flow at the point "Lee Ferry" described in the Colo
rado River Compact. To determine the flow at this 
point prior to the period of record at Lees Ferry estimates 
were made, using the results of stream-flow measurements 
on the principal tributaries (Colorado at Cisco, Utah; 
Green at Little Valley, Utah; and San Juan at Farming
ton, N.Mex.) since 1897 and on the main stem of the 
Colorado River at stations below Lees Ferry, where rec
ords have been maintained as follows: 

Hardyville, Ariz., May 1905 to September 1907, 
Yuma, Ariz., Since January 1902. 

For the years 1897-1901, inclusive, the estimated flow 
at Lee Ferry is based entirely on the records of the prin
cipal tributaries, with due allowance for unmeasured 
gains between the points of measurement on these tribu
taries and Lee Ferry. For the years 1902 and 1921, in
clusive, the estimate considered both tributary flows and 
flows at downstream gaging stations, with due allowance 
for both measured and unmeasured gains and losses be
tween Lee Ferry and the point of measurement. When 
basing the estimate on the Yuma record, allowances were 
made for the flow of the Gila River at its mouth and for 
diversions by the Yuma project. 

The following table shows the recorded and estimated 
annual flows of the Colorado River at Lee Ferry for the 
years 1897-1943, inclusive. It also shows the combined 
flows at the principal tributaries and at the main stem 
base station used in making the estimates. Because of 
the numerous C6timates necessary in extending the record, 
the flow for any individual year may be considerably in 
error, but the long-time average flow is believed to be 
reasonably correct. 

TABLE OXXXVII.-Recorded and estimated historical dis
ch~rges-Colorado River at Lee Ferry 

Main-stem station I Sum of Colo- [ !Iistorical 1---------- 111do River at ifiow, Colo-
Cisco, Green •t·radn River 

Recorded Litlle Yalley, I at Lee 
flow (thou- and SanJuan ~·erry 1 
sand acre- at Farmm~ton (thotL<and 

Calenuar year 
Name of station 

loot) ~:'.,."!:~ acre-ll'tlt) 

-------1------------~----- ----
1897 ------------------ -------- 18,721 

'1898 ------------------ -·------ 12,206 
1899 ------------------ -------- 16,925 
1900 ------------------ -------- 11,996 
1901 12, 925 
1902 ·:y~;;;~~-Ari-zo~i;_~~= ""7;959- 8, 245 
1903 ••••• do ___________ 11,328 12,550 
1904 _____ do ___________ 10, 118 12, 505 
1905 •.••. do.---------- 19,712 13,800 
1906 Hardyville, Ariz... 19, 162 18, 131 
1907 _____ do ___________ 21,547 20,755 
1908 Yuma, Ariz ••••.. ~ 13, 688 10,852 
1909 _____ do ___________ 25,975 20,543 
1910 _____ do ___________ 14, 335 12,392 
1911 ••••• do ___________ 17,840 14,688 
1912 .•••• do ___________ 18,406 17,686 
1913 ••••• do ________ . ___ 11,748 12,394 
1914 ________ ..... do ___________ 20,684 18,206 
1915.. ....... _____ do ___________ 14, 641 10, 964 
1916__ ___________ do ___________ 23, 140 16,865 
1917 ~------ _____ do ___________ 20,598 19,918 
1918 1 ______ .•••• do.---------- 13, 158 13,373 
19191 ______ •.•.• do ___________ 10,747 9,980 
19201 ______ .•..• do ___________ 21,444 18,764 
1921 1 ••••••••••• do ___________ 19,428 18,728 
1922 ________ ------------------------------------
1923 ........ ------------------------------------
1924 ________ ------------------ ------------------
1925 ________ ------------------------- ----------
1926 ________ ------------------ -------· ----------
1927________ -------···-
192!!________ ----------
1929 ________ ------------------ -------- ~--- ------
1930 ......... ------------------------------------
1931. ••••••• ------------··---· ·------- ----------
1932 ________ ------------------ -------· ----------1933._ _____ _ 

1934 ________ ------------------------------------
1935 ________ -------------------------- ----------
1936 ________ ------------------
1937 ________ ------------------ -------
1938 ________ ------------------ -------- ----------
1939 .• ______ ------------------ ·------- ------·---
1940 •••••••• --------·-·------- ------------------
1941. ...•.•. -------··-··-·---- -----·-- -·------·-
1942 ........ ------------------ -------- -· -------· 
1943 ________ ---------------··· -------· ----------

19, 797 
12,948 
17,899 
12,686 
13, 668 

8, 454 
12,346 
11,675 
15, 290 
18,656 
21, 179 
12, 065 
23, 295 
13,583 
16,473 
18,393 
12,581 
19,868 
12,396 
18,380 
20, 436 
13, 775 
10, 611 
20, 387 
19, 572 
16,ld8 
16,868 
11, 707 
12,412 

t~: g:g. 
14, 714 
19,632 
12,414 
6, 229 

1.1, 180 
9, 750 
3, 966 

10, 283 
12.145 
12,006 
15,661 

!!, 872 
7, 617 

17, 8R8 
14,809 
11, 435 

AveragP .. I-··--------··-··-- _ _. ______ ---------- 14,400 

b~~i!;IT~~~~~~0~i~~fe:f'fr::r~~~97~:~:ln~~::/"ir'l~u~~cs~00:,~f f~~~l'~~~ 
stem st•tlon.; 1922 and IW23, flow at Leo Ferry lncroB&'d by estilllot•d dischar~e Par!a 

at,"J;;~~h~:~~~~~~~.~;\,~~~~~~:! !:' ~~~.f'g~b~~,.l.1.'!1 !~~~:ioo 1n wbole or 
part by OOrui>&rlson witb records elsewhel'll on strelllll. 
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23.2 

From this comparison it is estimated that the inflow to 
the Colorado River in the 1923-43 period was about 85 
percent of the long-time average. Thus the norma~ a?· 
nual net gain;Lee Ferry to Boulder Dam, under vrrgm 
conditions would be 900,000 divided by 0.85 or 1,060,000 
acre-feet annually. 

Virgin flow at Boulder Dam Site 
The long-time a\'erage virgin stream flow at Boulder 

D;Ull site, for the period 1897 to 1943, inclusive, is de
tennincd by adding to the longtime average virgin stream 
llow at Lee ferry the e.timated net gain under virgin 
conditions as follows: 

A.cre-fcct 

Averagt virgin flow at Lee Ferry __________________ 16, 270,000 
Awra.~r virr:;in gain to Boulder Dam 1, 060,000 
Al'r·ragc virgin l!ow at Boulder Dam 17, 330,000 

lnfiow betzccen Boulder Dam and mouth of Gila 
River · 

The area drained by the Colorado River br.twcen 
Boulder D.!m and the mouth of the Gila River is typically 
dc~crl country brolen near the Colorado River by ~everal 
small nwunt<t;n chains. Only one permanent stream, the 
'Williams River, enters the Colorado in this region. The 
remaining area is drained by v.ashes, dry except for short 
period~ following heavy localized rains. 

Discharge records are avJilable of Wil1iams Rh·er at a 
pnint about 12 miles above the mouth (drainage area 
5,HO square miles) for the years 1~13 to 1915 and 1929 
io 1943, inclu~ive. The a\·era,ge annual discharge in 
these pcriorls was II 0,000 acre-fret. 

Precipitation data in this vicinity and nm-ofi of the 
Verde River at ~1cDuwcll during the period of run-off 
record on the Williams Rin."r, in cnmparL,on to the long· 
time averages, arr given in the following table: 

TABLE CXLIL-Pr~ciflilation and 11m-of! tuar Jl'illiams 
Rit•cr 

THE COLORADO RIVER 

Data presented in the preceding table indicate that 
average recorded flow of the Williams River is about equal 
to the long-time average. 

From available topographic mapr:; of the States of 
Arizona, California, and Nevada the drainage area be
tween Boulder Dam and the mouth of the Gila, other 
than the Williams River, which likely contributes to the · 
Colorado River following periods of intense precipitation, 
is measured as 4,500 square miles. The unit rate of nm
ofi from this area is consider:tbly less than that 0£ the 
Williams River watmhed. The long-time average an
nual run-off from such area is e,timated to be 40,000 
area-feet annually, m.tking a total average annual inflow l 

between Boulder Dam and the mouth of the Gila (ex
clusive of the Gila Ri\·er) of 150,000 acre-feet. 

Losses Under Virgin Conditions in Colorado River 
Between Boulder Dam and Mouth of Gila 
River 

V nder natural conditions there was loss resulting from: 
(I) Seepage to adjacent vall.:y lands, from which it is 
sub~equently largely evaporated; (2) water entrapped in 
~lon,r::hs and former river channels during flood' and later 
evaporated; (3) evaporation from the stream surface; 
and ( 4) possible seepage losses to underlying strata. 

In addition to natural losses, water is lost by man·s 
activities from: ( 1) ·Depletions due to irrig<ttion consump
tive use in the Colorado River ,·alley; (2) water diverted 
out of the natural watershed to the metropolitan district 
near Los Angeles and the Imperial Valley, Calif.; and 
( 3) evaporation losses from re:-etToirs back of Parker. 
Imperial, and Laguna Dams. , 

Since it :S desired to determine losses under virgin con
ditions and since the discharge records at Boulder Dam 
Ltrgcly refle(t the results of a regulated river, the lo5ses 
Let\Yecn Boulder Dam site and the mouth of the Gila 
River are based on measured losses between Topock and 
Laguna Dam (Yuma record corrected fur !low nf Gila 
at mouth and uiYmions for Yuma project!' for the 1 ~
year period 1 ~1~3 to 1 ~134, inclusiw, with an estimated loss, 
b;1scd on compari~on of physirll conditions, between 
Boulder Datn and Tt)pock . 

.-\verage annual discharges at Topock and Laguna. 
during the 12-ycJr period 19~3 to 1931, inclusin>, com

pan: as follows: 
.4cre·!<N 

Colowlc> Rivnat TopoeL------------·--- -------- 13, 30l), (lilQ 
Col,>r,,do Riwr .1t Laguna D.mt--------···---------- 12.610, 0Ll0 

!\d annual lo;s and us<· bet\•'<"<'11 Topork ar • .l 
Lal{ull~---------·------···---··· -----·---- 690, Ollt

1 

The awra••e run-o!T Jurin(l' the 12-w:tr period of study 
is sonwwh.1t Je~~ than normal. It is .tu be np\TteJ tlut 
m·er a lnng peri1>d the )os~t'S would be ~omcwhat greater. 
A fig tire of 7Un.npn a. n:-fcct annually h:ts been adopt eLl 



\\'ATER SUPPLY 

To make allowance for the tendency to overdivert in 
years of high run-off and for ~hortagcs in years of low 
run-off the actual diversion for any particular year is as
sumed to deviate from the normal by an amount which is 
proportional to one-half the deviation of the undepleted 
stream flow at Lee Ferry from the normal. 

TABLE CXL.-Estimated virgin flow Colorado River at 
Lee Ferry 

IT h ' rl •oro l•ctl 011,110 

HL<torical Es:timstt>d normal 
dN>Ietions Estimated Estimated 

ftow actual vir~in fiow 
Clllendar year rt)lorndo lrrigt1tion EiE£ upstream at Lee 

ki\'t'ff\t within depletion Ferry 
Lee l"•rrY hnsin 

1S97 __________ 19,7971 650 5 741 20, 538 
IS!l8 __________ 12,948 711 5 658 13, 606 
1899_---- ---- .,17, 899 772 5 836 18,735 
1900 .. -------- 12, 686 834 5 764 13,450 
J!lOL _________ 13,668 896 5 853 14, 521 
1902__________ 8, 4.'}4 957 6 751 9, 205 
1903 __________ 12,346 1, 036 6 948 I3, 294 
1904 _______ --- 11, 675 1, 118 11 1, 005 I2, 680 
J90ii__ -------- I5, 290 1, 197 21 1, 230 16, 520 
1906 _____ ----- 18,656 1, 276 21 1, 450 20, I06 
1907_ _________ 21, 179 1, 358 21 I, 655 22, 834 
l!l08 __________ 12,065 1, 437 21 1, 327 13,392 
1909 _____ ----- 23, 295 1, 516 21 1, 960 25, 255 
1910 _______ ~-- 13,583 I, 568 21 1, 535 15, 118 19!1_ _________ 16,473 1, 620 22 1, 740 18, 213 1912 __________ 18, 393 1, 671 22 I, 902 20, 295 
1913 __________ 12,581 I, 724 30 I, 646 14, 227 1914 __________ 19, 868 1, 774 35 2,127 21,995 1915 __________ 12,396 1, 826 55 I, 760 14, 156 1916 __________ 18,380 1, 878 85 2, 225 20, 605 
1\ll7 .......... 20, 436 1, 929 105 2, 449 22, 885 11118 __________ 13,775 1, 9R2 105 2, o.;8 15,843 
1!119 __________ 10, 611 2, 032 115 1, 890 12, 501 
1920 __________ 20,387 2, 080 115 2, 651 23, 038 1921. _________ 19, 572 2,127 115 2, 652 22,224 
1!122 •• ··-- ---- 16, 198 2, 175 115 2, 457 18,6.55 1923 __________ 16, 81l8 2,175 115 2, 508 19,376 1924 __________ 11, 708 2, 175 11.5 2,120 13,828 1925 __________ 12, 411 2, 175 115 2, 171 14, 582 
1926. _________ 13,080 2, 175 115 2, 221 15, 301 
1\)27_-.--- •• -- 17,551 2, 175 117 2, 560 20, Ill 1928. _________ 14,714 2, 175 120 2, 350 17,064 l\J29 __________ 19, 632 2, 175 120 2, 723 22, 355 
19:JO •• ________ 12,414 2, 175 120 2, 175 14, 589 1931_ _________ 6, 229 2, 175 120 1, 707 7, 936 1932 __________ 15, 180 2, 175 120 2, 386 17,566 
I~JJ __________ 9, 750 2, 175 120 1, 973 11, 723 1934 __________ 3, 966 2, 175 I20 1, 535 5, 501 1935 __________ 10,283 2, 190 135 2, 043 12, 326 19a6 __________ 12, 145 2, 190 . 160 2, 212 14, 3.57 
1937---------- 12,006 2, 190 170 2, 212 14,218 
19:38.-------.- 15,661 2,190 180 2, 508 18, 169 Hl39 _________ 8, 872 2, 190 180 1, 973 10, 845 1940 __________ 7, 617 2,190 180 1, 878 9, 49.5 
19H •• ________ 17,888 2,190 185 2, 688 20, 576 1942 •• ________ 14,809 2, 190 185 2, 447 17, 256 
Hl43 •• ________ 

1
~~ 2, 190 185 2,180 13, 615 

~lean. ________ 14,400 ~--87-1.870 16, 270 

Virgin flow at Lee Ferry 
Table CXL shows the estimated normal depletions due 

to irrigation development and transmountain diversions, 
the estimated past depletion above Lee Ferry (differing 
from the sum of estimated normal depletions by annual 
adjustments explained in preceding paragraphs) and the 
virgin (or reconstructed undepleted) stream flow at Lee 
Ferry for the 47-year period 1897 to 1943, inclusive. 

70U~1G-----46-19 
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Net Inflow between Lee Ferry and Boulder Dam 

Brtween Lee Ferry and Boulder Dam there are abo~t 
55,000 square miles of drainage area, most of which is 
desert plateau. The two main tributaries in this area, 
the Little Colorado and Virgin Rivers, arise in the moun~ 
tains and high plateaus bordering the basin; however, 
their principal source of run-off is from the torrential 
rains, which are characteristic of this locality. The Colo
rado River also receives water from numerous creeks and 
washes and from springs along the bed and sides of the 
deeply entrenched river channel. 

From a study of the characteristics of the drainage area 
and by comparing discharges at Lee Ferry, Bright Angel 
(Grand Canyon), and Boulder Dam for the relatively 
short period when these stations were operated concur
rently, prior to the storage of water in Lake Mead, it is 
concluded that about one-half of the net inflow between 
Lee Ferry and Boulder Dam occurs between Lee Ferry 
and Bright Angel. 

The average annual discharges at these stations during _ 
the 21-year period 1923 to 1943, inclusive, are as follows: 

Acre-feet 
Colorado River at Bright Angel_ _________________ 12, 988, 000 
Colorado River at Lee Ferry (below Paria)---------- 12,582,000 

Net gain Lee Ferry to Bright AngeL________ 406,000 

The estimated net gain from Lee Ferry to Boulder Dam 
in this period would be twice the gain to Bright Angel, or 
810,000 acre-feet. With due allowance for the average 
annual depletion in this period by reason of irrigation de
velopment to the extent of about 60,000 acres on the 
tributaries between Lee Ferry and Boulder Dam, the aver; 
age gain under virgin conditions in the 21-year period, 
1923 to 1943, inclusive, would be about 900,000 acre-feet 
annually. , 

During the period 1923 to 1943, inclusive, the run-off 
from this region was somewhat below the long-time mean 
as indicated by the following comparisons: 

TABLE CXLI.-Comparison of average annual flows-long
time period with 1923-43 period 

Av.rageannusl 
Poriod used flow (thousand Flow 

to drtrr• aero-feet) 192.1....(3 
mine lonJ(~ in per .. 

Stream Umo aver- et>nl of 
age annual Long. Poriod long-

ttow limo I1Yl3-43, time 

period lnclu- moon 
sive 

Estimated unrlrplet.cd flow, 
Colorado River at Lee 
l<'erry •• _ •••• - ••••• __ • __ -

Salt River at Granite Reef 
1897-1943 16, 270 14,800 91 

Dam •------·----------· 18!15-1943 1, 484 1, 264 85 
Virgin River at Virgin City, 

Utah. ___ •••••• ---····-- 1909-1943' 161 1431 89 

st~~~c~~;:~i:O~~~~~i~~s :'~~;~~~~~~~~~n~~f:irn ~senoirs and paat u~ 
i Fragmentary ret,rds prior to 19:111. 
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TABLE CXLV.-Gila River Channel characteristics and climatological data 

Area between Gillespie Dnm and mouth Phoenix area 

Length of river channel: 
· Gila River ••. ~-----~- •••• ---.--- ..•. _ 145. _ _ _ __ _ __ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ Above Salt River •••. ________ . 90 miles 

Below Salt River.. ___ ~ _______ 35 miles 
-Salt River--- ...... --.-- •.. -----.-- .. ---_. ----- ____________________ ••• _______ _ 40 miles 

-
TotaL __ -·---- ___ •• --_ .. __ ---- •••. ----- 145 miles •.. ---- _____ . _____________ _ I 165 miles 

Average river gradient: 
Gila River •....•. ------------------------- 4 feet per mile ____________________ 6 feet per mile. 

• ----------.--- •. ____ ... ______ . _ _ 9~ feet per mile. Salt River .. ---- ... --------------. 

Average .. _.- .... - .. - --- . -.- - - -- - - _- --- - 4 feet per mile ____________________ 7 feet per mile. 

Climatological data: 
Average IUJ!lllal precipitation ••••• __ • __ ._._._ 5 inches .. __ • _____ • __ .• _ _ _ _ _ _ _ _ _ _ _ 69 inches. 
Average annual temperature _______________ _ 72 degrees_________________________ 9 degrees. 

1 IIi addition to Oila and Salt River channels, water will be lost from tributary channels such as Agua Fira, Tiassayampa, and Queen Creeks. 

(d) Using concunent records of Gila River discharge 
at Gillespie Dam and at the mouth (Dome, Ariz.) for 
the period August 1921 to December 1934, and making 
due allowances for the small irrigation use in this area 
and for the fact that flows at Gillespie Dam were largely 
controlled by storage during the period of concurrent 
reet,rd, a curve was defined which shows the relationship 
between annual (unregulated) discharges at Gillespie 
Dam and annual channel losses between Gillespie Dam 
and the mouth of the Gila River. The curve was applied 
to the entire period to determine channel losses. 

The channel losses, thus determined, subtracted from 
the computed natural (or virgin) flows at Gillespie Dam, 
give the Yirgin flows of the Gila River at its mouth. The 
basic computations are summarized in table CXL VI. 

While these estimated virgin f1o·ws may not be entirely 
dependable, they are the best that could be made from 

available information on stream flows. For the purpose 
of this study the average virgin flow at the mouth of the 
Gila River has been rounded to 1,270,000 acre-feet 
annually. 

Virgin flow, Colorado River at International 
Boundary 

The long-time average annual virgin flow of the Colo
rado River at the International boundary is estimated by 
adding to the virgin flow at Laguna Dam the virgin flow 
of the Gila River at the mouth as follows: 

Acre-feet 
Average annual virgin flow, Colorado River at Laguna 

Dam--------------------------------------- 16,450, 000 
Average annual virgin flow, Gila River at mouth_____ 1, 270,000 

Average annu~l virgin flow, Colorado River at Inter-
national boundarY---------------------------- 17, 720, 000 

TABLE CXL VI.-Estimated virgin flow of Gila River at mouth (thousand acre-feet) 

Year 
}'low of 

~1\lt kivt•rnt 
Ortmilo Ht•cl 

Flow of 
Gila Hivcr at 

K~lvin 

Uum~a.sur~<.l 
nut ural inilow to 

l)bOCIUX arl"a 

Totl\l naturlli 
inflow to 

Phoeuu ar~a I 

( !\ aturalloss of I ,.,. 

in l'hO<'.li.t Gila Riwr at Gilsl\hw at Utla Ht\et at 
area Gillespie DIW.l mouth mouth 

Natural loss Naturlli !low o Giliespll' num 10 I "~.turl\l_fiow o! 

----------·--·---

1---·--------l-----------------------------l·---------j!----------1----------l·---------
1897 ... ·----· ---- '1, 289 ()0.) 231 2,125 5/iO 1. 575 501 I 1, 074 
1898......... I 537 401 117 1,035 372 663 302 3u1 
ll-1\!9.............. 1 514 302 us 914 345 51\9 272 297 
1\lOO ....••.•.•....• I 2tl!l I 271 52 595 2ti2 333 193 140 
1!101. ........... - I 7tili I 3.12 136 1, 253 415 838 3-lS 490 
1!102 .....•••.•...•. I 442 I 223 99 iti4 302 462 240 222 
1903.. -·-··-······ I 4:36 I 2ti6 98 800 314 486 248 238 
1904. .. -····. •... 527 I 336 121 984 31\;i 629 2\10 339 
1\JOii ...•••• -----.-- 5, 542 IJ, Ml2 821 7, 945 90-l 7, 0-11 \100 6, 141 
1\JOli. ••.. - -. . . -- 2, :.Wtl I 688 3ti0 3, 441 6!10 2, 7;i4 659 2, 095 
1\!07 •...•••..•. ---- 2, 021 IJ, 013 337 3,371 685 2, tiS6 650 2, 03ti 
1\IOlL............. 1, 828 I 4!'13 270 I 2, 581 610 1, \)71 5ll4 1, 407 
1\IO!L •••.. _______ 1,7:.1[) I ~i!l5 2ti2 ') 3113 588 1,805 ·540 1,265 
1\llL............. !lao 1 zoo 216 1;352 4Itl !13tl 376 560 
Ul!L............. 1 2,143 521 32tl 2,!Hl0 !l!iO 2,3-10 612 1,728 
l\Jl2 .•.•.• •·•·•· 1 1,0-11 53!i 187 1, 71\3 502 1,261 443 !:'IS 
liHL .•. ., -------- l'I'S 310 lf,O 1,358 430 \l:.!S 374 554 
l!ll4 ... ~-- ---·-. J,a;,o 1,342 H\7 2,ss9 l\51 2 'los 5ns I,6Io 
l\ll5. ·-·-···-···· 2,4uo 1,4"7 3on 4,2s3 7tiO a:5z3 12s 2,7\lli 
I!H6_ ---··-··· 5, ao1 1, ill\ 4:lli 7,452 HOI n 551 885 ' 5. tititi 
~?.~~-----· ··- - . 2,l'llll 420 :i84 3, G2:J 702 2: !121 I 6731 2, 24S 
· · --·- '-·- ·--· 1, 018 250 25S 1, f12U 444 1, 082 l 408 6i4 

1llu>lt· l"llll·(lil tt•c<>rd "'' tmut<-d in whole Ill J'lltt. 



WATER SUPPLY 

as representing the long-time net loss and use between 
Topock and Laguna Dam. 

Depletions due to the irrigation of lands in the Parker 
and Palo Verde Valleys are estimated to be 120,000 acre
feet, which subtracted from the total loss leaves a natural 
net loss of 580,000 acre-feet. This loss occurs despite in
flow to the river previously estimated at 150,000 acre
feet, so that the actual natural loss between Topock and 
Laguna Dam b 730,000 acre-feet. 

The Colorado River Valley sections between Boulder 
Dam and Topock and between Topock and Laguna Dam 
compare as follows (prior to construction of Parker and· 
Imperial Dams) : 

TAnLE CXLIII.-Comparison of sections of Colorado River 
Valley above and below Topock 

Arus 
above 

Topock 
Feature lletween Boulder 

!Jam and Topock Betr:~~;~ and ~-~f 

Str~am channel 
area.' 

Y all0y floor arl:'a 1 ••• 

Irri~ated a!'f'a ....... 
TributariP~ entering 

Colorado !liver. 

11,000 acres.. 25,000 acres ___ _ 

80,000 acres__ 250,000 acres ••• 
l'lone_ •. -. __ .

1

3.5,000 acres •• __ 
Mmor washes. Williams River 

and small 
washes. 

81't'8S 
below 

Topock 

44 

32 
0 

1 \Jp._,ured from riHr survey •beets of Colorado River below Black Canyon, 
published by the U.S. Ocolog•cal8urvcy in !92i, 

Considering that all of the valley floor areas are not 
inundated every year, it is believed that channel losses 
from the region above Topock will be about 40 percent of 
the channel losses below Topock or about 300,000 acre
feet annually. This added to losses below Topock makes 
the total natural channel losses between Boulder and 
Laguna Dams 1,030,000 acre-feet annually. 

Virgin flow, Colorado River at Laguna 
The average annual virgin flow of the Colorado River 

at Laguna Dam (above mouth of Gila) is estimated as 
follows: 

Acre-teet 
Virgin.How, C?lorado River at Boulder Dam ________ 17, 330,000 
Plus tnbutary mllow, Boulder Dam to mouth of Gila__ 150, 000 
Less natural channelloss~s----------------------- 1, O:lO, 000 

Virgin How, Colorado River at Laguna Dam 
(above Gila River)--------------------- 16, 450, 000 

Virgin flow, Gila River at Yuma 
Throughout the Gila River Basin, the securing of 

stream-flow records is made dillicult by violent floods, 
shifting channels, and sand and silt. Except in the 
Phoenix area, where exten~ive irrigation development has 
been made, there arc no reliable long-time records of the 
Gila River and its tributaries. Using the available rec-
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ords, which are often fragmentary, and never fully 
reliable, estimates have been prepared of the virgin stream 
flow of the Gila River at its mouth (Dome or Yuma, 
Ariz.) for the years 1897 to 1943, inclusive. The results 
of the calculationS are shown in table CXLII. The 
method used is briefly outlined as follows: 

(a) The annual inflow above the irrigated area sur
rounding Phoenix was determined by extending the 
records on the Salt River at Granite Reef Dam (fairly 
reliable estimates) and on the Gila River at Kelvin ( esti
mates subject to considerable error). From a study made 
in 1934 of fragmentary records of tributaries entering the 
Phoenix area below the Granite Reef Dam and the Kelvin 
gaging station, the unmeasured inflow below the two 
base stations is estimated to equal 45 percent of the an
nual unregulated run-off of the Verde River at its mouth. 

(b) The base records of the Salt and Gila Rivers were 
corrected for past irrigation depletions and past storage 
changes and evaporation losses from reservoirs to reflect 
conditions as they would have been prior to irrigation de
velopment. Past upstream irrigation depletions were 
assumed to vary uniformly between amounts at various 
periods as follows: 

TABLE CXLIV.-Past upstream irrigation depletion, Gila 
and Salt Rivers 

(c) An estimate was made of the channellossr.\1, prior 
to irrigation development in the Phoenix area, Direct 
determination of such channel losses is impos.~ible because 
of the lack of discharge records prior to the initiation of 
irrigation development. By comparing the physical con
ditions of the stream channels in the Phoenix area above 
Gillespie Dam (located at the lower end of the Phoenix 
area) with stream channcf conditions along the Gila River 
between the Gillespie Dam and the mouth of the Gila 
River, it was estimated that natural channel lasses in the 
Phoenix area would bear the same relationship to 
measured inflow at Granite Reef and Kelvin as natural 
channel lossr.s below Gillespie Dam bear to the flow at 
Gillespie Dam. By subii:-::·- the natural channel losses, 
thus determined, from the estimated virgin inflow to the 
Phoenix area, there was drtcrmined the virgin (or nat· 
ural) flow of the Gila Ri,·er at Gillespie Dam. 

The channels of the Gila and Salt Rivers in the Phocni:Ic 
area compare with the Gila River channel below the 
Gillespie Dam as shown in the following table; 
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TABLE CXL VI.-Estimated virgin flow of Gila River at mouth (thousand acre-feet) -Continued 

Flow of Flow of Unmeasured Total Dlltural K atursl loss Natural flow of :'\atnnl los• of Nat ural flow or 
Year Salt River at Gila River at natnral inJiow to inJiowto in Phoenix Gila River at Gillespie Dam to Gila River at 

Granite Rl:l!f Kelvin Phoenix area Phoenix area area Gillespie Dam Gila River at mouth mouth 

1919.-----········· 2, 201 949 375 3, 525 697 2, 828 666 2, 162 
19:!0 •••••. -- •••••• - 2, 478 627 440 3, 545 691 2, 854 670 2,184 
1921.. ...•••••••••• 1, 826 536 170 2, 532 616 1, 916 558 1, 358 
1922 .•••••••••••••• 1, 569 189 339 2, 097 534 1, 563 501 1, 062 
1923 .•••••••••••••• 1, 754 575 325 2, 654 610 2, 044 573 1,471 
l!l~L ............. 967 299 140 1, 406 443 963 380 583 
!925 .•••••••• -•••• - 693 303 143 1,139 388 751 330 421 
1926.. ••••••••••••• 1, 334 493 241 2, 068 546 1, 522 492 1, 030 
I 927 .•.••••••••••• _ 1, 927 366 417 2, 710 607 2, 103 582 1, 521 
1928 •••..•••••••••• 643 214 153 1, 010 353 657 300 357 
1929 ••••••••••••••• 1, 025 338 188 1, 551 462 1, 089 . 409 680 
1930 .•.•• -•••••• -.- 857 420 158 1, 435 446 989 384 605 
1931. ..•.••• ---- •• - 1, 360 577 224 2, 161 560 1, 601 507 1, 094 
1932. ··----- ------- 2,045 534 390 2, 969 635 2,334 610 1, 724 
1933.-------- .•• --- 701 304 I 107 1, 112 390 722 315 407 
1934.. •••....•.•.•. 372 256 84 712 285 427 220 207 
1935 ••••••••••••.•. 1, 516 481 255 2, 252 560 1, 692 520 1, 172 
1936 ••••.• --- •• -•• - 1, 109 328 146 1, 583 472 1, 111 410 701 
1937 ••••• ~---····· 2, 101 511 408 3, 020 640 2, 380 615 1, 765 
1938 ••••••••••••••• 971 232 222 1, 425 414 1, 011 385 626 
1939 ............... 749 263 136 I, 148 410 738 320 418 
1940.. •••••••••••• 1, 070 462 126 1, 658 490 1, 168 515 653 
1941.. •••••••••••• 3, 491 1, 250 557 5, 298 808 4, 490 790 3, 700 
1942 •••••••••••••• 884 288 147 1, 319 427 892 355 537 
1943.-.--.- ••••••• 974 288 143 1, 405 440 965 380 585 

Average._ ... 1, 508 I 527 244 2, 279 527 1, 752 480 1, 272 
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Ilolbr!Juk. ---- _ •. ---.-------- -·--- ---------------- 155 

~~~:~;~~i--~ ~ ~~~~ ~~ ~~::: :::::::::::::::::::::::::: ;~:: ;~; 
.Hunwr :\Iesa ..... ------------------------ 131,135,136,137 
Hurricane ...•... ~------------------------ 159,160,161,205 

Jl'nsen .... ----------------------------------- 117,120,122 
Jicariila •• ______________________________ . __ • ----. 266,267 

Jones P8.'lil TunneL •• ------------------------------- 280 
Jo~C'phine Basin. ______ . __ .. _ •... __ .•• ------ .. 116, 120, 122 

Kaibab ..• ------- ___ . _ ..... ___ -- ..... ---.--- •. --- 264,267 
Kanab Creek_ ______________ .------- .. ---.--.----- 159, 160 

tallarge uuit, Sublette ________________________ 113,120,122 

Lake Fork·-------------------------- 132,135,136,138,196 
las Vegas Pumping ___________________________ 168,171,172 

Leroux CrePk .•..•.• ~-------------------- 133,135,136,137 
Lily l'ark ____________________________ 116,120,122,123,196 
Littl~ Snake-North Platte Diven;ion ________________ 116,123 
Little Hnake Hiver ••••••••.••.••.•.... 115,120,121,123,196 
L,,,,w Bi!! Sandy uuit, Sublette ________________ 113,120,122 

Lnnan .. ---------~--------------------------- 114, 120, 122 

:\Iant:o3 ..... _______ .• ___ •• _ •• _ ..• ________ ••. _...... 140 
~fHL:c Canyon-Kanab Crl!{'k. _ 168, 171, 172,205,216,240,242 
:'\[ayb<~li__. __________________________________ 115,120,122 
McE!mo _____________________________________ 144,147,148 · 
Minnie l\laud. ______ . _. __ . __ . _ ------ _________ 117, 120, 122 
~lillntll>ul.t\ ..•..•.•....•..•.••..••••..•.•. 133,135,136,137 
\loab ___________________________ 134,135,136,139,196,243 

1loapa R,;servation _______ ------------------------ 265,267 
?IIoapa VH.lley _____ ----- .••.•.•• _ ---- •••• ------ ••• __ 160 
!IToapa. \'alley Pumping •••• ·------------:-···------- 160 
l\Io!Tat TunneL _________________________ ---- 126,217,280 
~Iojave Valley _______________________________ 170, 171,172 
Mont(:zuma Valley ____________________________ 135,138,140 

Montezuma. Valley Extension. _______ •• 138, 145, 147,148, 149 
l\Ionumellt Rocks _____________________________ 1H, 266,267 

Moon Lake._ .... -----_. ________ • ___ ---------______ 110 
!\loon I.ake ExtenHion _____________________ 116,118,120,122 
l\losby __________________________________ 117,118,120,122 

Mount Ha.rris •..•• __ . _ .•. _. ___ ..••• ___ •. __ .•• 115, 120, 122 
Muddy Crl'('k ________________________________ 130,135,137 

Muddy Creek Diversio11 ••. ____ . ____ . ----. ____ ----- 146, 149 

Navajo Indian .• ----------------- 145,147,148,264, 2t16, 267 
New Mexico unit, Central Arizoua __________________ 181,182 
Nucla .••• -•. __ --.--- ••• -·-- ___ ._ •• _______ •• _ 133, 135, 136 

Ohiu CNwk.__________ ------------ .. 132,133,136,137 
O'l'le~tl Park ••.•.... __ ----------- 143,147,148 
OpaL -- - ...• - ••• _ .•.•. _ • _ . __ . __ ... _ . _ 114, 120 

Onra) -·--------------------------- 133,13.3, 136,137,196 

Pa<>k Crt'('k___________________ .. --------- 134,135,137 
Pain1<>d Ro1·k _ • _. _ _ _ _ _ . _______ . __ •. _ _ _ _ _ _ _ _ _ _ _ _ _ _ 171 

Pnlo\'er<leMf'Ra .•• ------------------ __ 170,171,172 
Panaca \'&Ill'\' _ _ _ _ _ _ _ 15!\, ltiO 
Pfll'lnia ••... ~~~:::::::::.::~~~-~-:::::: 132,135,136,137 
P~trarliile uuit, Subll'lt.<>........... . ... 113,120,122,245 
Paradis!' \'all!·y uuit, Ct·utral Arit.olia •. ____ ... 11<0, Hi!, 1!'2 
l:::~rkcr Du111 .• - --- ---- _ .• ___ • 161, 1133, 164, Hi6, 197, 198,201 
},cvanc••-------- -- .. --·-- --- .. ----- !HI, 1:.!0, 122 
l'i••dra-HioGrnnde !Ji\cr,.:iull ·---·-·-····- 115 1-19 
Pin!' J:i\w. __ .. _. ' 140 

l'ine Hinr Ext•·•"iun ----- ···-- .. 141.147, J.JS 
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Provo Hiver _____ .. __ . _ 
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111, 112, 217 

RattlrRnake Power_. __ . __ . 118, 120, 123, 196, 244 
Hed Canyon. ____ ._. Hi, 120, 123, 196, 245 
Redland~ __________ . _. _____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 133, 135, 137 
River Rectification ........ _. ____ ._. ___ . ____ . ___ . ___ . 171 
Roan Creek _____________________________ 131,135,136,137 

Rock Creek Tunn!.'L------------------------- 116,118,123 

Safford Valley unit, Central Arizona ____________ 180,181,182 
Salt River. _______ ..... ____ ._.__ _ _. 56, 58, 176, 189 
Salt Rh·er (Inrlian) _______________________________ 264,267 
Salt Hiver unit, Central Arizona ... _ _ __ . _...... 180, 181, 182 
San Carlos •.... _ .. _____ ----- ... __ . __ .. ___ 176, 264, 265, 267 
San Carlos unit, Central Arizona._. 180, 181, 182 
San Diego____________________________ -------- 166,170 
San Franci~eo unit, Central Arizona _____________ 180,181,182 
San Juan-Chama Diversion _________________ . _______ 146,149 

San Juan-South Fork Diversion .. ------------------ 146,149 
San Luis Valley .......... J..... 142 
San MigueL ............................. 134,135,136,137 
Santa Clara ______________________________________ 159,160 
Sanpete _______________________ -------------- 111, 112,280 
San Xavier _______________________ --------------- 267 
SapinerO-----~----------------- : _____ 132, 135, 136, 138, 196 
Saucer Valley _________________ . _. __ .... _ _ 133, 135, 136, 137 
Sced~kadce unit, Sublette..... 113, 120,122 
SentineL-------- ____ ..... _. ______ -------- ••• 171, 181, 216 
Shiprock _____________________________ 144,147,148,266,267 
Shivwits. __ .. ___ . _ ........ _ .. __ ..... ____ .• __ . __ . _ 267, 268 
Silt._ 131, 135, 136, 137 
Slick Horn Canyon. -~--- 145,147,148, 149,196 
Smith Fork .••..... --------------------- 132,135,136,137 
Snowflake______________________ 155,156 
Southern rte ____________________ ---------------- 265,267 
South l'8.'lil Diversion_______________ -------- 114, 123 

South Ran Juan __________________________ 143,146, H7, 148 
Split Mountain...... 117,120,123, 196,244 
Strawberry Valley _____________ : ___________ 57,112,118,280 
Sublette._ .. __ .. _ ... _ .. _____ ..... 113, 120, 122, 123, 196, 245 
Summit.. _ •. _ . _ . - .. - ...........•••• _ _ _ 128 

Tarbdl Ditch. _____ _ 
Tomichi Crt'ek _. ___ . _. 
Torrey. ______ .. 

Trouble"onw •. ___ . -------.--.-
Twin Lake::; Tunrwl Divcn;ion .. 

rintah ..... ____ .. _. __ ---- ... 
rncompahgre. -·- ------ •• --. 
rncompahgJ'I• Res('r\'ation.
l:pper Yampa ..•. 
rt.e Mountain .... _ 

\'('rnaL -------------
Virgin Bay J>umping. __ 

Wellton-Mohawk Division, Gila. 
Weminuchr Diwll'ion_. ___ _ 
Wl'"-"'-'ls .•................ 
\\"t·~t Divid<' _____ . ___ . 
Wt·~t l'nrsdox _ 
WP~t ::iduunit, Suhl('fl••--

280 
132, 135, 136, 137 

146, 147, 148 
130, 135, 136, 137 

280 

267, 268 
---- 56, 128 

267, 268 
115, 120, 122 

-- - - - - 265, 268 

117, 120, 122 
168, 171, li2 

11i4, liO, lil, 1i2 
---------- 142 

115, 120, 121 
131, 135, 136, 137 
134, 135, 131\, 137 
-- 113, 120, 122 
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Ak Chin ••••. ___ . __ • ___ .---- ••••••••••••••.•••••• 262, 267 

Ahuno .•••• ------··-------------------------- 170,171,216 
All-American Calli.IL. .••.••• 59, 63, 64, 65, 66, 67, 164, 16"; 167, 

168(fn), 170,200 
Auima.~-La. Plata.------------------ 145,146,147,148,149,196 
Animas-Rio Grande Diversion .••.•• ---------------- 145, 149 

Big Bend Pumping .•••• ------------------------ 170,171,172 
Blaek Creek •••• ---------------------------------- 155,156 
Blanding ________________________ 135,138,145,147,148,149 

Blue River-South Platte Diversion •••••••••••• ~------- 132 
Bluff---------------------------- 145,147, 148,149, 196,216 
Boulder Canyon .•• 25, 63, 64, 65, 66,164, 166,197, 198,200,201, 

216, 217' 240, 252 
Bridge Canyon ••••••...•• 155,168,171,172,205,216,240,241 
Buckhorn .................. ------------------ 118,120,122 
Busk-Ivanhoe TunneL ......... ---------- ••••••.• _.. 280 

Camp 262, 267 
Capitol C'reek ...•.••••.•••• ----'------------- 131,135,137 
c~rraeas _____ ---------- ---------------------- 143, 147, 148 
C'ostl" Peak ...... ---------------------------- 117,118,120 
Cattle Creek _____________________________ 130,135,136,137 

Central Arizona ... "------------------ 164,179,181,182,205 
Crntr1\l rtah .. _ ..... _____ •.•.. _ .. ___ . __ : __ .....• _ 117, 123 
Charleston unit, Central Arizona ................ 180,181,182 
Chino Valley ..••.•••••.•... -'·------------------- 181,182 
Chiu Chiu. _ ••••.•...•.• ____ .•..•.. -------------- _ 262,267 
C!na·kRwalla. ___ ... _ .............. . :. ___ .••..•••... • 170 
C'i<eo-Thomp~on .........•.. ___ ....... 131, 13.5, 136, 137, Hl6 

Coach~lla \"allr.v .......•..•.•..•..•.•••...•.•.•.•. 265,267 
Cwhrtopa Creek .........•.•.•.•.•.••••.. 132, 135, 136; 137 
C'nronino ..•.............•.......•• l55.lfi8, 171,172.216 
Cncllpllh........ 262,267 
C'ulll>ran ..•••••••••.•..........••....•..• 131,135, 13tl, 137 
Colorado-Big Thomp~on .••••••.......••.••..•...•. 126,190 
Colorado Rin•r Indian .•..•...••••......•••••• 164,2112,267 
t'ulurado River-Yampa Ri\-cr Div{'r><ion............... 1~1 
l'ru,;s ~fountain •.• : .•••••••....•••••....• 116,120,123, 1\lu 

llanicl C'n•ek ...•... _ .•• _____ ... _ ... _. ···--------. 112,280 
TlnlliPlnnit, Sublette .....•......... --·-··----- 113,120,122 
l 1urk C'unyon .•••••..•..•........•.•. 146,127,148,149,196 
D:P:is lllllll..!'.· .. _________________________ u7,164, 200,240 

Davig Rc•cn·oir Pumpin~r ...........•..••.•..•. 170,171,172 
l>t•:HlmRn Bench .••.•..••.........•..• 115,120,122,123, l!l6 
llt;ol:uion Canyon .•..•...•...•.••.••••••. 118,120,12:1, 11l6 
D~''' ry .• _ ••...••... _ ...•.•... _.. I 34, I 35, 136, 138, I !ltl, 243 
floh,r.·•---·-··-·············· 134,136,138, H5, 147, 14~. 149 
lltilre-Cluuna-Xavajo ••.. _ ..•.. __ ...•... __ ....• 1-13, 147, 148 
Dnr•clln-Vinh•n Valley unit, Central Arizona ..••..... lSI, 182 

, Pa~e 

Echo Park ••••...•••....••...•.••.••• 117,120,123,196,244 
Eden •••••••• _._ ••• _ ..•. __ ....• _ •.•.•••••..•.••••• 110, 120 
Eden Extension unit, Sublette .•••.•....•.....•••••• 113,122 , 
Elk River-North Platte ••.•..•..•••... ------------- 116,123 
Elkhorn unit, Subl!'tte .••••.•...••••... 113,120,122,123,245 
Emerald Lake ......•...•••••.••.••••. 144,147,148,149,196 
Emery County •••....•...... _ ..••.. _ .•......• 118, 120, 122 
EscalantE~ .•••... __ •...•...•..•....•••. ___ . __ . 146, 147, 148 

Ferron-Manti Creek DiverMiOIL .................... l18, 123 
Ferron-Twelve Mile Creek Diversion ................ 118,123 
Flaming Gorge_ •.•...••..••••••• _ •• _. 114, 120, 1~-3. 19~3. 245 
Florida. __ •••••.•.••• _ •.••• _ ...• _ •• _ ..••.• __ . ' '4, 147, 14il 
Fontenelle unit, Sublette ••.......•.••.... ____ :3,120,122 
Fort Apache................................. 21>~. 267 
Fort McDowelL .. ----------- __ .••••. ---------- • ~63, 267 
Fort Mojave .......................... 70,171, lc'!, 2tl3, 267 
Fort Yuma ••• ------·--·---------------·------· • 2G5, 2ti7 
Fourmile ••.••. --~----------------------- 130, 1: .. .3,13tl, 137 
Fremont.. ••........•..•.........•••••.••...• 1-Hi.147, 148 
Fruitland ••••• _ ....• ___________ .... ____ •.. __ • lli, 12ll, 122 

Fruitland MPsa ..•••••.•.............••••..... 132,135,137 
Fryi11gpan-Arkansas Dil'~rsion •••......•••... __ .. .• . • 132 

Gila ............................... -------------- 164,170 
Gila Bend .•••••••••.....••••. ·------------------- 263,267 
Gi111 River_. __ ••••••.• _ ...••••••. _ .... _ .... _ ..• __ 263, 267 
Glen Canyon ..••..••.•.•..••. 146,147,148,149,196, 2-!0, 2-13 
Gooseberry .............. _ ...•••••. -------------- 118, 123 
Goosl'necks ••••••••••... _ .....••••••• 145, 147, 148, 149, 196 
Gore Canyon ••••••.••.•...•...•.••.•. 130,135,138,1116,243 
Grand 1\Iesa ............................. 133,135,136,137 
Grand River Ditch .•.•••.... __ .•. _.................. 2t10 
Grand Valley ••••••••..•...•...•.••.•. 56,125,126.137,190 
Grand Valley Extl'llsion ........................... 131,135 
Great Bend .•.••.•••.•••..•..••.•..•. 1-!5,147, 148,1-1\l, 196 
Great Nortlwrn •••••.•..•••...•.••. · ........... 115,120,122 
Green Ri\·cr-Bear River Dil·ersiou ••.••.•.•••.....•• li-t, 123 
Green River Pumping ......................... 117,120,122 
Green. Rivt>r-Smiths Fork unit, Green-Bear Diversion .• 114, 123 
Gunnison-Arkansas Diversion._ ••.• _ .••••.•••• __ ..•.• 133 
Gunnison-Rio Grande Diversion...................... 133 
Gunnison Valley .•••..•••••••••.•.•••••••••.•• 118,120,122 

Hammond ................................... 143,147,148 
Hams Fork-Twin Crt--ek unit, Green Rin~r-B<:'ar River 

Divt>rsiou ...................................... 114, 123 
Hassayampa ..•••. ~ •..•• _ •••. _ ••.. _ •.••••..•. __ .• IS I, 182 
H!llch Crt'ek- ••••......•.••••.•..•.•..••• 134,135,136,137 

264,267 
llerrry3 114, 120,122 
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White River Diversion •.•. 
WillSlow •••••••. 
Woody Creek. __ · 
Wurtz Ditch •. 

Pago 

us, 123 
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Yellow Jacket. ..•..•.•..•..•. ________________ ll5, 120,122 

Yuma •••.•••...••..•• ~----······- 56, 164,166,200,279,282 

Zuni •.•..•. __ . _. _ ..• _...................... . . . . . . • 267 
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Hades site .• ----------------···-------------· 117, 121,246 
HalfwaY Hollow site ••••••••• --------------------- 116, 121 
Harvey. Gap ........... ------------------------------ 128 
IIavasn Lake (Parker)~.------~-------- 163, 166, 170, 180,253 
H;>ystack site------------·--------------- 131, 136,246,249 
u~~o~a Park site.~------~----~----------·--· 144,148,247 
llog Wallow I\('. 4 •.•••••• ~- .•••..• -- ..• -.---.- ----. 155 
Jl o~ker site •• _____ .• _____ ---.---- •• - •••. -.' .. ---.--- 181 
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Horactooth ...... ---- •.••••.. ~- ••..•.•.•• ·• ----------- 128 
Howarcbville site.------------------------···• 144, 148,249 
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Jack~ou Gulch .•..•••••••.... : •.•.•••••••.••••••• - 140,142 
.)r,~-s Valky oite ........................... 118,.121, 246,249 
Johnsnll \'alley. __ . _____ •.•• _ •••• ---- __ . ___ -----.... 142 
.Jc.hn Starr......................................... 112 
.J tllills Lake .•. _._._ ••• __ ••••• _ •.•.. _ •• ____ ._. ____ ._ 142 
.Lmipcr site ______________________________ 116,121,246,249 

1\<'ntn:erer .•... _. _ .•. _______ •• ----- ___ • _ ••• ___ ----- 111 

Kendall site ...... ·---------------------------- 113,121,245 
I-:iuue) Lake .•.• -~ __ • ______ • ________ ---· ____ • ___ -~- 112 

Laf}arge ~leadows site •••••••••••••••. _ ••••• _____ • 113, 121 
Lake Atwood ••••••••.• ~--- ____ .• __ ._. ______ •. _____ • 112 
Lake(B.rennan ••••••• __ ••• _ ---- __ • _ ---- •••.••• 132, 136, 246 
I.akll Ilope .••.•• _____ • _. ___________ • _ ----- ___ ----- _ 128 
Lake, :Mary._. ___ .•• __ •• ___ •.•• ----------- ••.••• _._ 155 
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